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CHAPl'ER 1 
j 

INTRODUC'l'lON 

agtmaJ IJ:ree41J:a1, toetiDJ p:roar•mmo• a:re UD.4onakeo. There .... 

two meuvea wblch •eflect the pe:rfo:rmanco of the p&l'eatal b•eeda, 
I 

atl'&f.na o:r Uaaee &Ad the c:ro•••• they alve nlae to. Theae ue 

seunl &ad epecUlc combtvtna abWtlee wldch w.e:re ol'l1Uaal1Y defined 

by Sp:rape aDd Tatam (194J), Tbe pe:rfonnaace of the pa:retalllDol 

aad theb c•oa• combiaatlou •• muaued by a.c.a • .&n4 e.c.a. 
I 

detenntnee the seutlc &l'cldtectue of the populatla9 ~ ... coutdel'atlan. 
I 

Geveral combtnlnJ abWty m&y be deflDed u the a~nJe pe:rfol'mance 
I 

of a breed • et:rabs o:r a llu ID hybrid (l. e. c:roaaJ c:oznMvatlon. SpecUla 

comblaiDJ aiJWty may be defined u the devlatloD ID pe:rf~nnaoce ol a 
j 

c:roaa t:rom that whlch would be .expected on the bull of de aven1e 

pe:rfo:rmance (I• c. a. ) of the pa:ratal bl'eede, atnlD8 o:r 11De1 Involved. 

Ac:C:OI'diDJ to these deflatalCIIUI and the iOJMtlC mechanlaay 

Involved. senu.t comblntq ablllty la a coneequence of the additive 

seaetlc eftecta whUe epecUlc comblnlq ablllty la a coneequenc:e ot 

oon-addltlve seveUc eflecU. The lattel' may lnvolvo .domlnaftCe. 

OYe:r-cJomiDIDCO and eplatasla. 

The mean pe:rfonaance amoq the female line p:roieny la 

a fanctlon of both J8DOI'al combtnlDi abWty a.o.d mate:rn.t effectl. 

Malemal effects a:re eatlmatedtJ'om the deviation belwHA the avense 

pe:rfo:rmance of female-lbse prosevy and male-llD.e p:rosevy. 

Dlallel c:rosslot system la one ot the teatlnl p:ro1:rammea · 

moat eucceufully used to:r eatlmattns combtntns abWty amovaliDe 

( 



CI'Oasea. D le abo use4 to estimate the ac:tQal yle1dlnJ capacttlea I'' 
olthe Cl'oaaea. DlaUel OI'088ea an defined u a set cf at.Djle OI'Oasea 

obtained by matlq v tchl'ed Uoea ill aU oombf.naUou so that v2 

eiDjle cl'oasea aa:e obtalned. If yt.f denotes the meaa yield (oval' a 

c:el'ta!A,~ cf I'~OWJ) olthe oi'Oaa between lineal aad j, 

we may Wl'lte 

v,J .. " ... , + 'J + .ij + mJ + i"ij 

wbel'e p. lethe avenge effect , t1 and tJ are the aeneral o~ 

ablllty effects of the Unea l an4 J ( effects due to linea) , 8 tl'le the 
I 

apecUlc combto'nJ ability ot the cl'o8a l • J (eltoct due t~ c:roae ), mj 

18 the materul effect ol the Une J (wheoevelr J 18 the l..,.o pa~reat) ud 

- I elj le the raadom OI'I'OI' which may Include 01'1'01' due to plot 4ulattcm 
I 

and abo due to aegnpttcm wtthtn the 01'088. If the UAea aaoe a random 

aample ll'om a lal'ge populnticm, we may aaaume aha t 1 1 mJ and •,J 
al'e independently ool'mally dletdbutecS wtth aei'O mau.a and vari&Acos 

~t ·1 fl& and tt1 ~ FunhenDOJ'e, when matdi'O&l effec:ta are absent 1 lt m. •. 

ill known that 

,& c Cov( BaJI alba) and 
t 

fl: • Cov( i'uU alba) - ZCov(HaJialba), 

Bcc:aue af the tn1wed aatve of the Uoea involved In the c!laUel cl'oaaoa, 

if epletaala is abaem, wo abo bave .. ~ " ~ cr! and tt! .. ,, wbo~re 
•! la the additive poetic V&l'iance and fl~ 18 ~~ !!om'naace val'laoce. 

Btmce, wbUe ~ / Iff! + fl! meae~e~ tb r&Uo of additive to total 



meuurea the avel'&ae depee of domfuDCe • 

.Accoi'Cllq to Qrlfflq (1956 b), c!lallel noaa IDa tecbalqv.ea 

may varv depma4lnt apoa wha&her en aot the partutallabreda or the 

r,'clpocal I' 1•a are tacladed o:r both. He couk'lered four different 

~albUJUea &ad they may be Uatod •• below. 

Cue (l) : One let or Ji' 
1
•a la tacladod ~ couldoriq the reclwocala 

a!\4 1e1ftap 

Caae (tt): Oao let o1 F
1
•a ia IDclllded aloq with thelrieclpocala but 

with• ••UlD&a 

Case ~W): Ca1e (t) wttb 1elfiDp 

Caae (tv) : Cue (tt) with •elflr111. 

' ' 

Orift'lzlJ atvea detailed aDAlyell, QDdqo ttro mOdele • of the above four 

eateaonea 1u wblcb dllllel c.oa••• may be ma4e, 

the,. .. or Ieoda per reproductive UDit U VCI"f low, complete 

c!tallel let wttb:l t.:r1u 1\lJDlber of puem1 becomu unmaaapllle. 

E1poctaUy the pi'Oblom ta aU the more Involved when reclp2'ocal· 

c:roaae1 are to be couldend. Therefore, the altei'D&tlYea left are 

eltluur to Umlt the ,. .. of pareat1 o:r bale the atudy oa a aample 

of the full diaUel. that ta, OA a partlal dlaUel, Wl\lle dliCUIII.q the 

advaataae• ot IUIIDJ pantal dia11ela IDIODI • lalrJO aumber or p&I'Olltl 



an n~lut mnklos nU possible Cl'oaooa among a smaller ooloctod 

sccuratoly 1 

(ll) aolectloD CIUl be mcdo omang the croaaes f&oom a wldol' raqo of 

pal'eDtO and 

(ill) the sexu-al eomJ>S~tns obUitleo of a llugoll' llt1!11ber of -garCDta caa be 

eatlmatod. Each parent wU1 bo aooo~ood with a rolatl'7lv I ow pl'CclsloD 

but ~1'801' genetic plna UltlJ I'CSolt fl'om the mote tot,meo eolectiCm thAt 
. 

can bo appllo4 to the puents. 
I 

I 
I 
I 

SampJ.iDs the -'lnJieJ 01'088013 haD been Gtudiocl o OmoDg othoii'O o 

by Kompaho:rao. CVDOW, Jl'llo and Gllbed. Noay bcomplete block 

doolptl bave boen mado aso of fol' tbla pupooe. BolnDcod incompleto 

bklck (BIB) 4oalps lD two•Jlb* bloclm llavo beoA aacd to obaaln complcto 

dlsllel acto whllo fncUODa of the dtaiJeJ have beeo obtalDod throogh 

pantaUy balaucod lllcomplcto Nodi (PBm) c!CI)l(JXIS 'l1iPtPl two"'Jilc* block&. 

lfamptbon:ae (1987) gave o method of consuuctlDg deolpo f01' pa~ eotu 

of the c•oaeea. Kernp&homo eatS Cumow (1961) lmpsooved upon Wo Bn4 

pl"Orided the QQalyulo of thoao dealpo. The above 4oelps olcnsa with 

thooe pi'Op08od by CUlbert (1958) and Ulfo and GU'bcat (196S) OS'e baeod 

pl'lllcipaUy an two-aasoclllto PB!B deeipo with two•ploa blocks. Tho 

malA diRdvaotage wah ouch dealpe paocwtd!Dg pla.no of paatf.al cliAUelo 

la that the mrtnber of pareotallirlcs to be ccmoldQed tow ID7astlptlcm lis 

cODdl&lcmed ~o a peat ext<mt by the requhemooto the c!oslgDt tmpooo. 



Aftel' ••lecUDI the pJall of c~•••, elthel' lol' complete 

41aUel o:r fol' pant.~ 4•alle'l, the aputmeQtal cSata la JWcwlde4 by 

adOI*lq ae expel't,...ntal dealp which hal bwariably beella L"AD4omille4 

bJ"Clr deltp. a ta llCit to ptuay the fact that even a tn.ctloa o1 the 

croa••• '&I'IDa•ID e40Qih botoi'Oioai*Y ba tho blocks ao u to eatall 
I 

Tbe pnact lnvettlptioD·!tl a1mad at ltadytq aome of 

the aiKwo aapeotl of complete aDd put1al. dlal!el cl'o.au eapect.lly 

in the llpt cl JWoridhai aew p1an8 fen pa~ dtaUela aDt1 ~lcatiDI 

- me&bO'Ia to adopl1Acomp1ete block dealpa for llcild axpelt,m•atattoa. 
I 

Fb'atly, pJalll lo:r putl&l dlaUel c~•ea have beeA poW4ed lor lou 

difle:r• eaaoa acc~lq to w1lethu u ac:4 the paHDlallDbl'e4• or 
I , 

the HCtp:rocal i'a'• anlnoJm!led Ol' bath. M•Jdna ue of pal'tlaUy 

balaMe4 Incomplete block deatpa with aay lfDck 1l&e (aa aplut 

block alae two ao tar used), uy valuu of a. aa4 any nqmbu of 

aa,~~>eiate clae•e•, the plana ba ~ lou cues ctve the methode of 

elltlmatiq ae~:aem ~b'n'nt abmty aloq w1th the expectatloa of 

mean equa:rea for the 8• c. a. ollecu. li:Jq):relliozltl for the atae4ud 

enOl's loll comparinJ tb8 I• c. a. '• of aey 190 panlclpattq linea ai'O 

tlvesl• 1l baa boon IMQ that a PBIB deslp wUh lai'Je umbo• of 

I'Opllcatloa la DO dnwback fn obtallllq p1ua fu pal'tlal dtaUel 

ol'osaetJ t!u-wp them as In the caao of asdcaltval (block) apOI't,...aas • 
. 

a bas become po.elllle to eetlmste the altenaal effect• wlwlaver the 



' 

pal'tJal dlallel c:ro .. u th:roup BIB and PBm deelpa :reapectlvely. 

have bea ~lud eo that the .... u~tiq c:roaeu may he powo lA 

IDcomplete blocb. Tb1l alvee a unified treatment of eetbMtlq tho 

am~nJ, colbblnlAa uWty teldDa fJito couldel'atiCIIl tho bloctdna aepec:t . . 
ol the Beld ezp..-tmentaUCIIl. Method• are tl\dleated fol' ltmllal' 

blocldq at panlal dlaiJela when reciprocal eroam .,.. aho pe.rfol'll1tld. 

Eetlmatea ot,.c.a. and expedatlCIIla olmeaa eqaaru due to ,.c. a. 

••• aleo pvea. 

I 
I 

I 

• I 

/' 
I 
' 

I 



~ptSRD 

REVIEW OF 'l'HE P!,EVIOt18 WORK DONE 

Oeaette aAalyalb of populatloDII uaiq Cot'&rianc:ea bmreeA 

nJatlvee ad the aeaoclated problem~ of panlttoatna the t~l aenotypic 

nri.&DCe IJI:lo addWvo ~ ncm..addtuve aeuttc compoDentl bavo been 

tac1W14 ateuslV$1y GVCI' smco tho e&111)' w~k of Fl1her lD 1918. The 
I 

pn~ appUcatf.cm of theee concepta of quaaattdlve &Dberitaace to 

p1ant aa4 aatm:aal bteecllaJ have lnc~ai.Dgly becllrealtoect lD "ce.at 

yean and te~ lnvolvtas 'dl&Ue1 c•oaeee' ue •~ of ftle IM'AS 

to~ cod, Sprap lh1d Tatom, HezldultOD, GJ'lfflq 1 Ha~ a.a4 
I 

.Tlnka ate baa aome of the na~Dee of eady wo'fwu usoc:'1'd with 

41aUo1 uouee aDd th$la- we. ilut an _..ct ~~Used~ 
I 

tJhowiDI thB l'elatlOIUihlp betwoeD dlallel cnuing l'\\lltbad to Filhe:r '• 
' 

~ Cf cov&riancca between rolativea as expeallt)d ·lA tei'ID* o( 

prunaload opec:Uic comblntns ablltty n•Sam:• aeems to bavo been 

ta'ktlln up OAly from 1956 on wards. 
' 

Qrilllns (19156 a,1956 b) pl'(!l.lenb an ... ive atudy of the 

' 

maJ= t=oblema wltb. the coo. cl compkto 4SnJlsl o~roalio•· CJu•Uylaa 

the upe&"h•ntal ~ ~llltr diGUel CJ'088ea lmo 4l categoriea 

4epozacltq upon ftetbe:r 01' DOt the inln'e4 81J4/ O'll the nctprocal Ff a 

a:re iDalu4ed, Oriffmg (1996 a} ladic:o.tea the ualyia ol such tMthoda •. 

A uailied theoi'Y of the aame &G&lYiia uudoa- two diffueD& modela 
' 

(Modell aod Model n tJI m!Denbal't ) bas beeza ~h~~>' ~by him 

{1956 b ), Here \'IDdctlf each model the ebove foq:r lindhod~J have beeo 

diaewtaet! siv\ni eattmate• - theb otan4a1'd tii'&'Cll'lil of aenenl an4 

epecWe combintng abil4lee a:ced •eolprocal effectl. Un4el' both the 



modele he gtvee the expectations of meao equucs of the va.rloua 

estfm•tee. DlsCIUeiazl of <JiaiJel acal,els Ill the pn8eDCe of matoraal 

ellec:ta c:aG be found lo tho WOI'1ut of Basel, t.am..,oa, Ncm1ekog, 

Topbam. ud Clthera (aee tho llat of ReferOAC~ }. 

Bat tho t4ea of partial dtaiJel crosses baa bem1 widely 

~c:eptod of late D.lld ID:.'Lay sampl1"8 dealpa have been put to:nra~ 

wUb a Ylew to mtnfmtle tho res~ and mpnhi&Uu:aal dUiicuW.es 

a p1aDl o. antmal 'blreedel' ta fac:ed w!lh. SampJtns the dialJel crot~aes 

t11 l'eponed to have b8eD taken up fcnt the fl~rst u. by n •• o. w. B:rowa 
I 

(1948). The bl'oad nntllttM of b1s method have,fomnKI the baala fw 

cll'c:alaat eamplee davelopod by Kllmpthcmae (195 7) which othei'Wiso wore 
I 

DO$ esploited by BI'OV'II!\ hfmaeU. Tatot~ (}947) p~reaetlled a method of 

acalyula fOJt a paftial set ct the 4laUol. Tho panlalact 414 net ulse 

0111: of aampllug to oa much ao tt vas a cODDeqUe12ce of mutuallracompati· 

blJtttee wl.thln subgroups of tho plame. a wu OWKm (1918) who euueatod 

pan!al'CllaUel cl'oasu os tt Ia Gdustooc! today, and h1a acbeme depor!da 

0D U8lzls a latlo equate. ·Ac~J• vlu!D tho 11U1J1bu Gf lioee v la 

even the sample should be oboscm by llUJIOI'..lmpc.oins em tho ldJaU~ 
r 

table• a v • v eymm.ctrlc lst(D equa.re wtth a sf.nlle Jetter em the mala 

dlasQm\1. Croues eoncupcQIIlniJ to et~itnble cu.mbe.r of lettel'a to the 

latlA &q,tmn ue then eunpJed wblcb <matUoll equali'Gpl'oiiB!Itatlcm. of tho 

lloea &moDI!! c:roaaea. If v la 4lvlalble by 4 tho use af 1atln aqaa'l'ea 

8 JDUnetl'lcal abo14 bach tho cUaacnala ta Meoxnmen"ed fo. acblcrirls 

bal•~e •mcmg the c•oseos • Tbo '"IT W!ct of latlo equal'es llldlcatea 



the im.p7acticability of obtntntns cl'oaoes when thel'e aro sovcnl 

pal'ental liDos UDdel' c01\lllde:ratioD wblch lD oftOJl tho cooo tn pl4Al 

bl'oed!ns. Mol'ocwe:r. 0Ube&11o Bau'lpleo have otngu1rll' leaot oqual'e 

equatlono end sroo.t col'e lo to be to.kon to o.vold oampleD wblch lead to 

ODOoiVIlble equati01\B for the 80llel'al C:OmblDlo3 abllitlea. 
I 

With a view to eotlmato the Sanotlc vall'lance com.poneato 

HlnJmlnvum and Qem (1960) doocribod the conatnctloD and 4Dillyolo of 

somo cll'colaat Bllmples tn wblch llDe 1 1o alwnyo croeoed with 1lDo a 

and with those Uneo whoso atimbors fOll'm aD arithmctlc;'pl'opeoolon 

from I to a. They aloo showed how to coneti'UCt IUI.d anllJ.toe a pa&1lal 
/ 

8~ of toot CI'OIJ080 • 

' 
Clwcalant oarnplos: J')evc10Jiiaa em tho methods call'ller 

1Ddlcato4 by Kempthcmso • Kempthowno I:U1d CQirJlOW (1961) dlacuaaocS 

cucalaat oamplea and It was loUowed up lllll'tbol' by CUJ'Ilow (196S). 

When thoro ~~>re 'It -pll.~ l.lD.eo al'~ed bom 1 to v in D. J'OUdom 

oJ'clell' • tho method of gonol'lltlDg ouch oamplea may be descil'lbett D.S 

follows. Let each of tho v pai'8AU b0 involved tn tho same numbel' of 

CI'OOoeo a, oo that the total numbel' of uoooea tn the oample is vsfl. 

Cloody, s ID1JSt at leaDt b0 J and v rus4 o connot beth be odd. 

ThoA liDo llo CI'OODOd with ltneo k+l, k+2, ••••• • k+o whore k•!. (v+l-o ). 
z 

LiDo a lo crooaed with Uaeo k+J, k+S, •••••• k+o+liUI.d so on, the llDe 

Dumbe:aoo bo!Dg rocSacod modulo v when nec:eaoa•v· The loD.ot aqual'e 

eqUiltlono lo'l' ootlmatiDs genowal comblnq abWty 1Dvolvo a cbculwd 



mGtria whlcb baa o fo-, lt8 elomento on the D~BlD dlnaCDilliUIII llOJl .. 

diAgonal elnmonto AJ'O oWle-, 1 cw 0 acccwdlas AD tho ccw-,oopondlng 

C&'ODIJ hAD beOD oamp1ocl U .QQt, Tho CI'OOOOO 00 (lOllO&'Ilto_d Dilly I'OCult 

In 110 IDI1Dfll8 Y/2 dUfc&'oat ataadal'd OUO&'O fOI' Comp&dSOD of 6•C•Il• tg, 

I(oropbomo 6Cd CUI'II.GI:1 oloo sivo the comparison of the yioldioa 

CApQ.Cltloo of the OI'ODOGQ, 

CUilOW (196!) lctGJdlfiod the 0118-tci-one co-,•&apondODee 

butwoen a paJ1f.Ol dloUGI Cl'ODD of tho abovo typo 6Cd pB~y baloDCGd 

lDComplc&o bloch doal{pl 'Vlth two p1otD pol' block 4lld two uooc!Ato 
I 

clasooo with vnlaeo of L a 0 ~lad l. Crosa t a J occqnotns lAthe ocunplo 
I 

. conoapondo to tl'oo•""'A'A li)Jld J occuuills toaetbo~r tn the .oamo block 

of tho PBlB dcwtgo, Ill tho DotGtion of dtnlJoJ C&'OsOOD tho pB~tli'D of 

tho PBm doalp a•O 

v ov 

b • va/2 

&'a II 

p~ oo 

Pa =~ 
11 

whu<l the a~e L's conoopond to wbotbol' a CI'ODD is aamplo4 u not~ 

a lo tho number of llnoD c&-oaood to beth llooo t and J whero Oli'ODD l a J 

l11 lD the oompJo on4 ' lo the llUtftbel' of Uaoo c•oooed to both llGoo l 

GAd J whero c.-oos t • J ta aaa tD tbo oamplo. Mahi.D3 uoo of PBm 4eotaaa 

ltatecl by Clatwortby (199!5), CllJ'DC)\7 wa.o able b :W comln two•variaDc:4P 

cbculam oamploo lD a441Uoa to OGtPDOI'atiDS oomo moi'O clJ'cnlnnto. 



samplu ll'om 'hlaaaulal' aD4 ll'actcn1al Dulpuu Ji'Ue aad 

Ollbelt (1965) bave pven two•val'iaDce nmple 4ulp calle4 tl'laDpJ.u 

w lact~lal dealpe. 

The tcwm.l' deaipa an for N • f-a ( 11•1) palPate, whe•e 

a 1a an latea••· The pQeDt8 ••• amnbend ell Jmo a.a (a-1) (.o-1) 

151,61,45,42,41,1!,S1uut ll. Thea each pana.tla 4uoted u ab, 

when a caa ~- aay vah1e &o1n a to a, ~ b caD take aay value fl'om 
I 

I 

1 to (•·1). Thea the putlal cUaUel coulata of aUr Cl'OIIaee ab • d, 

when a,b,c ud 4 an all diffel'eat. ~each ui:e la lavolved ID 
I t ( D•l ) (a•S) of the Cl'O .. ee Ia thU dealp ~1'8 la a ndl'icUCID that 

\ 

a mut ac:eed 4. TJse comp1•aMudarr of pus abolre .. ,.pia a t~• 

deelp. We =ay Dote that~ type of ltlUI'atlq c~H• Ia cJboecUy 

l'elated to I plot block PBJB c!ealpa olltalDable thHu.ah a tl'laDaaJal' 

aaaOCllatlan acheme (cf. Boae ea al19M). 

The factorial dealpa an fOI' N a mn p&J'bll, whel'e m ud D 

an bstq•••· The pa...._ hen an Dwnhend ell lido &D m • rlnctaJlile. 
' ,, 

Fol' uampJe , It m a f Uad a. a S, the twelve p&I'IAit an aum!>el' U, ~· J1, 

4l,U,U,U,fJ,p, !J,U &D4 fS. Each pai'CD&la tbu dea.ated ae ab, 

when l (. a ~ m &D4 1 !::. b (, a., aDd aU the cJroaaee ab a cd awe 

•elected ncb that a f c aad b f d ; ID thla cue ov81'y Uno Ia bwo1vac1 

ID (q:a.J) (D·l) c~••• •o tbaa m,a man Wh exceed a. 



' 
Tho pl'O&Ollt woJ"la lo on oxtonoicm of tho cuahoJ018 pl'crrioua 

db#o$1len OA •1Dcomp1oto bloc:la doalflDD and Paltlal dlaUol c.-oocoo•. 

whlch ho oubmfltod oo pard.olftdAJmeut foJO tho f:l'Mll'd of M. Be. 

qreo ot ths lzwtlauto ol AQI'h:altvol Roa011rch SUltlotlco, Dolhl. 

The CIGdy po.lt of Qhaptor lV ol thlG wJm!!O baD a bal:Lri.as OA tblo 

cltaocnntiOA wo.la. ( Alao .cfo• Da.o cmd Slvarcun l~S ) • 

r=c,... .Cuv·H·,e.r ~-f~.Qnc.G> ·rfec3.U' s.ee- HlC! 

At, 012.,.."uv.e o...t. ~h<' .end . 



CHA~ERm 
' 

PRELIMINARIES 

Aa meet of, the eabjoc.t matter in the eabecquem pages doale 

With the application ol pmlolly ~JaDced lDcompleto block dasipa, a 

doflt»tton of them becomes QCCossuy hero. Acco#dll:ls to Boac and 

N&b (1939), and latter Boeo o.D<1 ~rhamoto (1991). a PBm dealgo In 

.two Gaaoclate claaaeo lG llD ~ of v b'ea&mouts In ·b blocks, 

O'Jehthat: 

l. ll:ach of tho v tnatmento occ~o I' tfmee In the auangemcnt, which 

C:OJaelets of b 'blocks each of whlch com.IDS k ~ UDUs. No 

,._bnent appears moi'O thaD once In ony block. 
I 

&. li:veay pab am0DS the V Ueatmellto OCC\U'O to4$thoJI' in oJtbor ~ or 

~ 'bloQa ( ao4 uo allieS to bo l th associates, II they occ\U' toaethc• 

ill\ blocks, s "'1, a ). 
I 

s. Tbore exlats a l'olaticmohtp of aeooclatton betwoera ~I'Y pall' of the 

a, Anytwotl'eatJ!taJdll &1'0 either lil'at or second associates. 

'b. ~ch tl'aalmont tlao a, fbat and n1 second aosocs.atea. 

c. Olvon ony two uoatmea&o tho.t al'e l tb aaoociateo, the D.1JJ!!bol' of 

tJ'oolmvDtS Q(jlijD!OD to the J th U8oclato8 of the fUst Ud k th 

oaaoctates of the second Ia P'Jk' &lid this number lG llldepon4cmt 

Cf the pab of tl'oatmea'B 'VIith Which WO Gtnl'lo Ji'unhe'riD01'00 

t l ) PJk •pkj (l,J,k •1,1 • 

The eight panmeters v.b,l'ek. 't•lz•Da CU1d DJ an 1mowD as 

the~-..,. par~ue , aDd the panmotero p~ ( l,j,k •1,1) a1r0 

cllllod· the secondary parameten. The aecCIDdarl' paraJODetus may bo 



t] 
o,..+ Dz ~ ., ·l 

0,. 's +:•a "a 'Ill •(k·l) 

' 0~ PJk 

> '\P},. J 
•• jplk 

all4 '£ p·· .. a •I wbea I •J I I 
k Jk J I 

' 
o a, othe~e. 1 

I 

We •hlt.U Q.~Je the•• P~JB «••&Ju. to , ....... plaal fozo padlal 
' I 

I 

d'alle1 cn~~••• u4 pve aulyll .. to ••tlmat•tlSe .... ni c~laiq 

o1dllt$e•, apeclflc cii!IJI'1daSac abUW•• u4 mawnal .Uec:U (whee they 

occv) of Use palticipattq U.... W'e lllaU .sao uo PBJB .d••tpaS.. 

m4titddato C:Jaal .. , whuo m > 8, to puftte p1aDt Which hO mcll'O 

Omdblo u4 'tnroa4ly lutc&to tho method of ualyt .. • 

ta c.,.emp1ate4 to ....,_ • partial act of tho comp1eto dlallel whlch baa a 

tatal of .,..a mu,mo. of uoaa~•· lou dUfoi'OJit cuo• adao accol"diq to 

C••• (tl: The aperilaald.coulda of a atva palrtlal1et of the Fa'• 

oa1yba&_4oe• aot lacJndolh ettaipl'oc:ab Ol' pantUlllau (t.o. ••Ulq•)· 

I 
I 
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t• 8 [f1 r-:t 1!15:0itl a.e.a. e._- __ g: ,il-= I ~·r_· ., a a. f ~ , f • • 
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• - D - ... f I f • i -P ; 

f f 1 : J l f f f 'I f ! a : i f I J l · i 
~~11 = ..,, .. .s '[f! ... a. a. e. 
o : s ; & a. l ,. '"'-~ !I f e c = o S' 0 o = 8 ~if, I i 

. i f ! ' 5 I t e. 1- I I t·1 t 1 i i 
J ~ i B f ~ &. 



The au.....- lou c!t&Jih•• ptmla to tiM lou ctlflenat 

cu•• tlud ulae •• 1&4~ alMwe. The MQ ol tile ell&»"•• cteal "'rit1t. 

~ blcc:ldq 411 die 4SaJlfll C, ..... Ia n.ltaltle blctnDplete hlcc:b aDd 

theb&Ml.,. ... 

I 



' CHAPTER IV 

1. p, B. I. B. DESIGNS IN TWO ASSOCIATE CLASSES AND PARTIAL 
DIALLELS WlTHOtrl' SELFINQS OR RECIPROCALS 

'fh\J\he eaae (l) at cllattte• m. 
Let the v panmalliDea be munberec! at ncdom from 1 to v. 

We aha11 cCMldn them as the tnatmenta whUe nfedaa to PBIB 

dea~. The fbn usoctatoa (ol' sec·ODd auoctates, whichever&. 

coa'leole~) of each ~ (beatmenl) &1'0 wrt.Uen butde the 11Ae (tl'ealmnt) 

tD au aaceadlq ordel' or ~~~&-.ucse. Any line l ( l ~.a, ••• ,v) &. then 

cl'o .. ect with eve:ry line J ( J -f.. 1 ) , whei'O J ta the lil'et (atJCCJ!Dd) 
I 

uaoclate of l. With the uualraotat~CM, thenfon, we act,~! Ol' 
' I 

wrfB ll'IUilbe• of Cl'~••• accol'c!ID& aa the 1lae i ta Cl'oa~ed with lea 

lil'at at aecocd aasoclate llaea. We abaJl atve1·, 'below the method of 

eetlna t1.DJ ae.uenl combiDIDI ablllllee and e:poc:Wo 5ombtntna alWlttoe 

of tho paltlcipattna ~~ aanmtna that the ncip1'9C&l cl'oalea al'e 

ldeJiti&nl anc! that we an not lnte•enad in the pedorm&aee of tho 

panmallss'Meda themselves. 

B ~~~&f be ~tnaaed at tble po1ld that the above plana '" 

putisl dlaJ1e'• and the1l' analyaia an entli'Gly IAdepeDdent of the valueo 

of ~·• and abo of the GUmbel' of l'epllcations ln the PBIB c!ealp. TbuB 

PBIB dealPI even• wiUllaqe JUtmMI' of replications c:u be aeed 

with advantage foJt obtaining p1au fol' palti&l dlallel cwoasea which 

othonrlse woald be Qleleaa lo• block apel'lmentatlOil• A f\U'ther 

ac!vamage ta achieved from the fact tllat for moat of the rnunbe•• of 
-~ _,....-

Uoo1 PBIB deelpa an avaUablo and tbe:relon pJuua fo• partial dlallel 



-IT- ' 

I 

'YIJ " "u, +tJ + 'IJ + i'IJ 
\ 

wUh the uualuanmptton• aa4 •• the followtq acmDal equ,tlou. 

Wh$l the l th liDe baa beeA Cl'otGed 'lrith Ita &It AIIOQiatu t WI have 

I ( l =I, a •••• v) (4.1) 

when " la tho aeuzoal meea, ~(t1) 4en••• the e'IUD cd the I• c. a. '• 

of u.. which an the llwn ... Oc:tatu of l &Ad with 'IIL'blc:h the bb 
' 

I I 
I 

I 

Mdlq auch oquUon• for aU the U.. ~ whlch I th 
I 

IJu Ia uoaaed., wo pa 1 

af" + ~s{\) + 111\ + ,~~<•,) + p~s1<•,> • s1rr ~) \ (4.1) 

when s1,,> ia the I'IDD oii·C·•·'• otliDu a. CJ"t»aed whb the 1 th 

llDe and S,.(T 1) la the I'IUD of the tctab T 1 'a of thoee llDet db whlc~ 

&be l th Uu to c~Md. 
, " 

~ Z: t1 "o. we cut " • 20/YaJ• when G Ia thct·pud tae.1 
1 

of the y1el4.e ol all the CI'OaiU.ud the equatioJa (4. I) 11'84UC.a to 

a:" + C'\ - P~ ) •1 + ~ + 1{. • p~ > s1 (t1) ., S,.(it> (4. J) 

Bo1vlDa (4.1) aa4 , •• 3), ..... 

A Caa +Pi~-~) T, • S,.(T,) • ' (Ph • ~) 
\., 1 I ' 

Caa - 1Hut - P 11 ) + Z\PU 
(4.4) 

1 •t.a •.•.. , v 

The aum of equuu due to the I• c. •· '• of the linea Ia , 
" T t!i" '. 

; 



Tho vadaaco.of abe 4lfleJ"eace betweoa 8• c. a. '• of ~o l!Jt.ea 

a" + ~ • 'ua) .• 
(i) wblc:h uo ,_. cl'oese4 ia 

(~·l)CI\·~)+y~ 

a(z; • ~. P~ +a) .-
8 

' 
Oivea aoyliae the f~ __.. ..... loa above le .-"to c-l'o . ~ 'j ~ 

tho 41Bc~"eace of Ita 8• c. •· lJ'om the I• c. a. 'e of eac:b· (if Dz tma. ud 
I 

the aecoa.d • lnm each of D:llluell. Th1ll we c:u 1.,1
& welf&bted &'n~RSO 

I 

of the above two 'fariucl\8 taklq az ud ~ •• '"~. alld thU avornae 
\ 

ia SiVOA below. 1 
' I 

! ~ <•·l) <at • p~ .. pl ) + --. 1 ... 
Avuase vuklac:e o -----.......:::;;_..,.;;;;;.....-.:..;:... 

( v-1) [ (Dt •I)( 11:1 • p~) + ~P~] 

The nault8 o! soc=4 auodate crasaeo ate obtotnable tram the a\we 

I I 8 I 
naulh by nplactug ~by~· Pu bit~- tlD4 PiJ. by Pu. • '1'h4l plaD 

sa& by c:rosalq tho aecod usoctata linea wW be aomple•nontny to 

the =o ac:t. tUough the Ibn apodJU~ ~a. 

Note: • UCe plall of clifoeaea lJ obtalud betri a G1ooup rJ!vlatble PBIB 

cSUip. at 1eut OQEI of thG two OAIOG~ CI'OS~I vUJ yield non-aiAplal' 

leut B~ equlltlou 80 that & lol1aiOD few tl aldie 

I 

Consldo:riD& that au abovo aparimeat Ia laid oat to a l'aadomtaod 

blocl& 4oatp wltb npUc:•t'DD• It ncb that oadl block cosmltatea aU the 

vn,/Z c.o.aee, the eaUzDate of tho epecUlc combi~ &btllty of CI'Oaa la J 



h aiiDply the meaD of the ytelc.ta over the repllcatiou aad the variuce 

of the 4UienaceWireenaaylWO a.c.a. '• la lfll/ r. The aumof 

s.s. du to croaaea • s.s. due to •• c.a. • s.s. due to 
Vfln(np a croaaea). 

Now we ahaU coulder ftn•Uq of expectatlou of maan aqurea 

du to a. c. a •• e. c. a. aad eft~. 

The aum of equana du to t1 h. u iDdlc~ed alnady, 

Taldq apectatlou, 

I 
I "' -t [ ("J + p~ • p~) E 1l T: • E 'T1f\(T1) 

I 

•<Pt. • p~ ) I J .., .BO 
V I 

where 6. Ia the de.nc>miDI'tor ln the·~ of t
1
• al,_la (4.4). 

Uataa the model Ia which t,. a
11 

and • q an raadom variablu with 

E(t1) a E(a") a E(e" ) a 0 aad the t, I aad e qwul&itlel an UDCOrrelated 

aDd E(t: ) a w! , E(e~ ) • w! aa4 E(e~k) "' •!• the foUowSq Ia 
z a a 

ob&amed. We •ball write w for cr 
1 

+ • e • 

E E T~ "'v [.: ... a + ~(~ +l)w: + ~rl ] 

. . 
E 1: rr, s1crr1) .. ., [-:"a+ t "JC~-P~) + "'("l+p~- p~)} •! + a/1 J 
aad 

I 



.zo. 

Heace the eapwctattara of aaaa ..-na due to ,.c. a. t. 

a a ~a 
utlmate• of • • • • • •114 ... 

WbeD ..,.u yielda of the cnaa... ave:rasM OYel' I' HPU· 

c•tiODa • an aul.,.M theo the ua~.,.a. of val'luca table la •• 1howa 

below. 

I 



Aaaly!u of variaDc:e of Paltial Dlallel C~roaM• 1. 

SCIGI'ee 
' 

d.f. 1Cxpect!d valuea of meao !P~'•• 

RepUcatu (r•1) 

o.c.A. (v •1) ~~ ~c c' z"J •en • + 1 -IJSl Pn·Pn) t:,v 

v(7· ... l) 
,a 2 ( v-1 ) 

s.c . .s.. • +"• 
Rep.aci'Of&ea (1'•1)( !!l_, ) ! I 

•o 

rota1 

Example 

a 

rn;./2·1 

I 

I 
I 

Ia cnocle• to ahow hoW a pJaa otJOroa••• to• put1aU dtallel 
\ 

cube tot we aball fwralah below aa ~ .... the two-aeaoclaW 

cyclic PBm cle•1p alvu by Boee et a1 (19M). The do•IP btu the 

v a 17. b • u. I' a a, k "' •• ~ .. s. •a • a. \ a'· la .. a. 

pl " [; :] ... PI • [: :J • 
I 

The u•oct.Uoa acbeme of tb1e PBm clulp bee tbe P"OJiel'tT that the 

fllrat •••ocl&tu ola taoutmeat 1 an obtalucl by a.4dl•J (1-1) mod 17 

' 
to ucJa of the fllrat ~aoclatea of tnlltmeat 1. Heace && b aufftclut to 

ladlcate the fhoat •••oclatea of tile tnatmeat IPD'Dbend 1, aad they 

an pva below lo ao ucend'•l ol'cle~r. 

Tnatmeat No. 

1 ( •· '· '· a. n. u, u, l5 ) 

.a 
' 



·12-

.u tt. &at a .. oc:latu J ouch &bat J ) 1. pvlq u abo croa••• 

(Ia 4 ) (Ia 6) (la 7 ) ( Ia 8 ) (la U ) ( l aU ) (la IS) ( l a 15 ) 

Repea,lq the poueclue by writlq dOWlll abo fUat Uloc:lahl of.U abo 

Cllba• tnatmeall aDd maldq c:n11e1 ao ladlcated above we •hall ld 

the total Gumbel' af cwo .. u low the pal'ttal cUallo1. 

P'o• ualytla we .-u \110 of the data ~**'-'•• to • c1i&Uel 

&DYolvtq 17 Uoe• of bajl'a (Peuhetum typboideo ). , The chanctel' 
' 

Ulld'.e• atady b ~oduqt.rity aad il me&IU~ by pviAJ ICOI' .. &'aqiq 
I 

bom S to 10 wltll~refeHJ&Ce to the yleld/,t c. M.S. UA u the mad•~ 
I 
' 

urith a ICOI'& of f, The oboei'Vdiou ..,.l'e coUected by Q. Harlunyua, 

Oendtc1 DlrialODo l.A.a.L t N"' DOThl. ThG analyat. Ia bue4 OD meoao. 
I 

!Anttg 

1 
a 
s 
4 
B 
6 

' 8 
9. 
10 
u 
I! 
13 
14 
as 
16 ,., 

26.0 
u.s 
31..S 
ss.o 
19.0 
!S.B: 
n.o 
so.o 
2?.5 
so.o 
26.0 
as.o 
.as.s 
!6.5 
so.o 
Sl. 0 
aa.o 

I I 

Ta'11o.1 

229.0 
ua.s 
826.0 
818.0 
217.5 
&aJ.S 
au.s 
w.o 
aso.o 
841.0 
219.0 
224.6 
1132.5 
au.s 
!J!.O 
au~o 
w.s 

..0.35407! 
-0.1415!3 
o.~ 
0.607466 
0.078619 

..().815610 
0.40554., 
0.26131! 

•9·ln580 
-0.065610 
-o. 354072 
-0.402149 
•0.084841 
~0.3925U 

0.1!6696 
o. !57466 
0.001696 



.. aa •• 

T.W. I ahowf' the nlu• of Tl''\(T&) aa4 tilt ..Ulnda 

" of tb 1·0··· fo~ aU tho ,., u... The aral,all ol'ftdaace ..... 

ahna Ww ud It ladlcatea lllat 1M I• c. a. tltub aM luJptficalt. 

•••••• 

1). Jj'. 

16 

II 

" 

ANALYSIS OJ' VARIANCE 'l'.ABLB 

I 

s.s .. 

U.118891to 

61.91M6lsJ 

7S.6S~S53i4 

/; 

I 

I. 

u.s. 

·0. 'IS 

l.Zl 

' ' 

71 

o.t * 



z. P. B. LB. DESIGNS IN ffi-.ASSOCIATE CLASSES AND PARTIAL 
piALLE.LS WlTHOU'l' SELVJNQB OR RECIPROCALS 

Ill the pevtoua socttaa we dtscaalocl tlle method ot obt&IDtq 

' p1ao8 fo~ paltial dla11el tha>oqb Po B.l. B • 4111ps lD two UIOCiate 

clall•••. Tho •ample was ao fo:rmad that each IDf the IJDe• W&l cRaaed 

w!tl1 thoae appearlos lA cme of the two uaocl•te ola••••. Thtl co.r.u:eJ* 

m&J be aueraUae4 'b7 ulnj PDJB 4utpa wl&h m..aa•oclato cla••••. 
lA thl8 cue, each llDe·ll eRased wWl each of the Uu1' pn1ut In " 

of them aaaoc:lata claa1ea. 

Let u coul4er a PDJB dulp wish v h'e&tmentt (UDea 

&mm'betred lD. aome Am'om o~e•) lA m..au~ olu1u. Lit nJ 
\ ( J .. 1, a, ••.•• , m) denate the oambeY of ttou prilallA the J tb 

I ' 

•••oclate claa1. Ji'ol' each UDe l ( i ct l.&, ••••• ,) aalnn I' aaaoctate 

c:Jauea •'""118 IU m c:Jaeaea an c:boau and all the llD.oa lD them an 

pooled. The llDe l II then c•oaae4 wttbevol'f l1De J lD the pool 

such eat J ) l. 'l'hua w will flaw • aampJe of cl'ooaea of alae m;a. 

when N = 1: oJ , % lmplytns the sum OYel' the aoleded I' uaoclate 
·(J) (J) 

classes. Ji'OI' azsa~.,.a. w,. •hall •••ama• without lois otaa.-m,, 
.that ~ch llDe b uoaaed with IU lint • ( • < m ) uaoclate Uae1. 

Tho DOI'pJ&l eq\1&tlou to• eatlmatlq the I• c. a. of the I1Dea thl'oup 

least 8quAI'II techDiqae taldq the G9ul modal Comel out &I 'below. 

(l .. l,a •••••• ,v) 

when Sj(ta) II the IQ'IIl of the I• c. a. '• of llu• which aa"e J tb a11ocla$ea 

of the l th llDe aad TJ la the toaa1 yield ol the J tb aeaoclate cro .. u 



f.nvolvlq the & tb llae. Addtns euch equaUcme ovel' the fun a .. oclate 

linea of '· ,. let 
1 a 

u'\~''+ WJ1(t1) + :, PIJ s1 (t1) + O) plJ s2 <•,>+· • • 

+ ut~ sm ,,,, • s,<a,> 
when SJ (Q

1
) Ia the wm of the Q 1a of Uan wblch an J th uaocl&tel 

of the 'th lluo , I 

ID paenl. ad4SDJ ·~ ~Js. ove• tho k th aeaoclatu of 
I 

l. we have /-' 

1 a I 
~P + N~<•,> + z: ~. s1c•,> + z: p,_. ~a<•,> + • ~ •• . o> -v or~, 

I 

k a a. a ••••••• (m·l) (4.6) , 
Auqmtnl that Z: tt • 0, eqaatlau (4. S) ud (4.6) CaD be aolved fOI' tl 

lc4 
ud the aaalyet.a completed In the aaaalllan. 

A l!!di;cala. caaea Uae of 3-aaaoclate deall!ll 

Wha m a 3 and I' a 1, we aulve ·at the atmple cue of tnentiDJ 
I 

pJau ·tOI' paltlal dlallel OI'CJaiOI ft'om a I Uloclate PBIB dellp by 

OI'OIIlq &ay line with f.te flt'et UIOClate lbael. The DOnna! equatiODI 

IOI' oatt.mat1.q J.UI'al combil:alq abUlty of the llu• comea out •• below 

fi'Om (f. 5) &all (4.6). 

Dali+Datt +~(t1 ) •T1 (l al,a, ••••• ,v) (4. 7) 



•25~ 

a a s "'l"a" + ~(t1) + Pp s1ct,l+pusa<•,> + Pu s3(t1) .. s1(T ,, (f. 9) 

Aeeundn& E *t. .. o, we 11tt I' • 

(4: f). (4,8) we 11tt 

20 

v'\ 

t1 a ~A1B3 • A3s8yr1 • s,s
1
(T1) + A1S2(T1) ~ ~ ( A1BS 

• A.3B1 • ~B3 + o
1
A3 ) j / .6.. (4.10) 

I 

I V 
The eum of equanG c!ue to g. c. a. of the llue 1.8 lC t

1 
T1 • Att 

lol 
z: t

1 
.. 0, DO tonecUIXl facto. need be e\\bt~ac:te4. 

The v&l'iaJKe of the cHfloll'ence Wweu a.c.o. '• of two 1IDU 

( 

whe'llllu 11 ia OII'Oi18ed with the I th 1IDe 
acr& 

(ll) V(t1 • t1, ) a -z:- ( AzBJ • AsBa + As ) 

(Ul) V(tl • t 1, ) a 

when the Uno 11 ia Dot C1'088ed with the l th 
UDe but ia uoeeec! to a llDe to whlc:h llDe l 
te CI'OIIIIed 

a 
.!!:.. ( AzBs • AsBa ) 
!> 

wheza the 1IDe 11 ia nelthew CI'Oeeed with the l tb 
line DOl' with a l1ae to whlc:h l b cl'o .. ed. 



a,. v1 + a2v '! ~ a1v1 
~+a! •a, 

Tuoup s llSscclate PBIB 4ealgu we c:aa !Niduce the 

• 

totalan .. tbel' o! cr~soe wbeJl thel'e b a Sa•se aumbew of UAoa. This 

le so becaaa the tatnl omnbew ol Unoa la ..l. ~ 'V11ol'e o1 la the 
2 

aambe• of tlreatmeate tn tho I th aaaocf.ap claoa. Now if thel'e be two 

clasaeo the \"3lue cd ~ la llkely to be la•l•• Bat wWl the eazne v if 

thel'e be a desl,p with thi"CC associate c:laasee somB~ of tho values ol '\ •a 
I 

awe Ukely to be smaller and tbeH ta mon ..,exibW&y lD the c:bolce of 

the associate clasaea. 
I 

3. CONNECTEDNESS 

I 

liDea, lt l8 poselMe to Pf.l88 f~rcrm ooe to the otbe'• by fonDiag a cbatn 

cons latins of ltno.a such that aay two COilSecuilve Uoes a:ro creased. 

WhUo chooalng a SF!Q.l''plO P.om. a diaUellt la better to choose &-~ple 

which la c~. WhoJl tho plat!. of cl'osaoe le diacODAeded , tho 

Uaae vriU falltmo seta· so U:at ao two UAes fwom 4lffe~ aete an crossed. 

But thle llOIId DOt be a serious chaw-back ae to the c:asd of eHlmatlon of 

tl'eatmeata throuab Incomplete block c!estana, becawte the oatlmatlon of 

;.c. a. Ia etlU poselblc tbl'oqb such 4lacouect;ed samples 'by follow~Ds 

the method dtacuaaed by Camow (l96J). a may be polated out tllat the 

method of anal)'!Jlll pi'O&I311led he•e ho14. ovoo fo'l diaconnocted samples, 

thOUJh dependlq on the pa••""'"'ews of apecUle dealpa the va1u. of b. 

may be ael'o ln some cases aad beace DO solution Ia avallabH tn each 

caeea. 



When mate:roal eftect8 ue pruom fUll! so the HC:lp:rocal 

c:roasea e:ro pe:rfonaed the dlallol aul'Pla cllffei'S cdgnlflcutly. Aaaam. 

t.ca that we are Dot late:reated lD tho. pe:riOI"ID8ACe of· the pa:rah ~· 

sel-reo, we aball dlecuas tbla aap6Ct which ta clt6d u ca .. (lL) lD 

of the l1De1 ill DOW given by 
I 

I 

II y:lJ aa&+t,+t +alJ +m +i' 
J J lJ I 

wbe~re mJ atasads fo7 the mate~ ollect of~ J th liDo appeariDtJ u the 

female panmt. 

To generate plaQs of f&ltJal d .. Uol c1r0doe PBlB dealpa with 
I 

I 

two uaoclato classes ue apia uecl. .Aa eauUH eve~ UDc la wwltteD 

beside Ita ll:rat assoclD.tes. Any liae las malo Is then ci'Otlaecl with 

each of ita lUst associate Uaea u fem•let. Houce then wW M a total 

of VDa CI'08&os. whoA the IUs& associate tme. an clr08sed, and each 

llDo wW. bo cl'oase4 Da times bee ae male and femaJ.o. 

The DOnD:lloquatlou fOJt estttnaa•na the a.c.a. aDd ~mal 
I 

~ tlll'ough the ltaet &qu&I'OS tectmlque 6U'e as follows. 

il&ll + '\'t + f\(*1 ) + f\ (~ ) ., T 1 ( l ., l, a, •••. , v) (5.1) 

ut"' + S,<\) + n,.•, + ~~ "'or; (5. a) 

whel'e 'l'tll the yield total of thoae Cl'oa&aa wbel'e the l th line ~ pl'eleDS 

as male ; slmU•I'ly T( la tho total ylo1ci fnm CII108Ses Whel'e the 4 th 

IIDe occu:re •• female. S,( t 1 ) denatea the sam of g.c.a. eflech of liDos 



• .aa. 

cur~ad with ~ l th lilaa aad s1(~) la the aam ol matuual effectJI of 

all the fema'oa uoaaed lo the I th mate lme. A.tdlq eqatlau (5.1) 

aad (5. 2) ewer aU male; ad femal!aa rupecttvely whlcb are lint 

aaaoctatea of l1De l we obtalo tha eqqatloDa (5. 3) &ad (15. f), wader tha 

l 2 
+CPu· Pu) s1<m1 ) 1"{T1 ) 

I 

~~ + ( ~- p~ >t1 + (~ + ~- ~) s1(t1) ·~~s1(m1) .. s1(T1') 

I 
:&'rom (1.1) IUld (s. f) we bevo 

1 

I 

'1. l I 

"lTl. s1tri) .. ~ • r; + su) •, • <,Pu • P~ l S,(!1) 

(I. 3) 

(5.4) 

(8.6) 

Add!Ds (5. S) ov.., aU male tmeo wblcb ue c:rosaed wf.th the l tb line, 

';~(Tl) • ~Tl • p~~(!'l) • p~ s2 (T;) 

"' <na--Pil>~--Pt>t, • [ <{- \ • P~)-(p~ • Ptf] s,c,,> 
(5.6)' 

So1vlDa (9. 5) aad (5.6) Qivos u 
( 

A ~Tl • BaC'ft') + B [ DfJ1(T1) • 
*t"' - iCat-~)'ri +<PL-~>sa<1i' >+pA~}] 

CD 
( lal,2, •••• ,v) (6.?) 

when 0 deuceea tha paad total of ~the y1olda a.ad 



Aa <nf·u,.+~ )·~-p~)a 
B ~~~ •'p~) 

C: a (~ • l)('\ • p~ ) + '\st 
D a ']('\. • ~ + ~ • l ) + ~· 

He&-e l\(T 
1
) aod f\(Tl ) have slmflal' moanlDI lD hi'DIII ol total yle14a 

aa Bs<•,>. ' DeaG&Sq ~.,, • s,(Ti ) by a,. tho 8111D ohquana due to 

the &•Coo. 'a of the llaea adjutod l<n matenal eflecta, aa each male 
v " 

llae Ia llOl comiq with tho same act of femnlu, le ~ Z: t1~. 
I "l ,l 

Alao f&'Om cs. a) a.ad (s. s) , 

'\'~l • "(Tl} " <U: • '\ + ~ )tl • (~ • p~ ) ~5~(, 
a a 1 

+ ~ • ~ + Pu ~ • (p~- Pu.>Bs<~> cs.a) 
I 

Addtq (5.8) we• aU llDes wldch ue f~ aDd fUIJt aaaoclotoa of 
\ 

UDe l, w• sot eqaatlaa stmlla• to (5.6) but whel'e (t1tm1
)oppena lD 

. 
place of t1 aDd ~(t1) + f\(~) lD place of ~(t1). 
TheD •olviDI we o'btalD eapnaalcm fo&- ('t+zDt) lootd.Dg simllu to 11• 

BoDce 

~ a A [ u,_(TI • Tl ) • t f\(Ti )-Sl(T~ ) j J 
+ B [as f Bs(TP- 8a<Ta>1 + <'\. ~ )(T{- .,, ) 

+ % • ~) t s1(Tp • S.(Ta) n /CD (6. 9) 

Tho sam of aqaana doe to~ Ia .L Z: ~ Mt• when 
'\ 

~ a'\ (Ti • tl't ) + Ba(Ti) .. Ba(Tl) 
FOI' companas llAY two JlDea , tho Wl'laAc:o of the 4WBI'e.QCO betwoeo 

tho S• c. a. •a ts pvon by 



-so-
when tho l th aA4 m th linea al'e oat 
ClrO .. ~ 

a ·~(A • 8 )6-l wha. tho l th aad m th linea a:re Cl'oaaed. 
CD 

The &Vel'&p val'la;DCS fi'ODl the two api'OIIlOU CCli!WI out to be 

~ [ A(v o. I) • Ba,_] .,. 
CD (-y •I) 

-
The uriUace of :the 411!enuce· Wween mate•Dal eftec:P of two linea 

' The I'CIIIalh of •ec0114 .. aoclate CI'~Jea an obt&llled fl'om the 
1 a 1 

abc)v- Nil~· by aoep~a~ '\by "J• ·~ -7 P~ ud Pu by Paa • 

W!um the ol'oaaee are obtallled f&:om a GD dealp whoa• .. aoclaticm 

' ' G"'i~la !,·then wept esttmatea of I• c.a • . 101' oae of the two .. eootate 

Maldq use .gl tho C01'1'Upat!I.DJ nadom model lD whlc:h 

E(t1) a E(an
1
) 'i' E(al,l ) •rE (eij ) a 0 aad the t, Inti ADd e qu·~atl.$1•• 

are UDCOI'l'elated aaa ~) a .. :. E(mf ) a ~m• E(a1J' ) a cr: aa4 

E(e~ ) a cr! , we obtain the eapec:tatio;l ,meaa aqu&l'ea. When ,thon 
( 

an I' l'eplic&tlou, the apacte,d me•n equant fen aeu:ral comWnlq 

abWty la V.ven )Jy 

cr! + n! + vr [ A \ a:<"+I)·Znf (~~·lp~ )+(a,_-Pia)1 
Da(v•l) CD ( 



+B [of (~~-s{ ) • { (~+1)(~·~ ) 

·C:<~. ~) <~·p~·lp~) -4nlpt- uf<~~-pt >" 

+ 1\~-P~ > (l)+p~ -P~ )+(p~- P~ > i <a,.-~>1~<aa+st·P~ >2} 

+ ~p~ ~ (a,.·P~) +a,.('\~ • ~ >} J J •: 

I 

The expectatloDs ol meaD aqual'ea tol' &.c. a. and, CJ'I'OI' &1'0 obtalood 
I 

ae usual. 

I. USE 0:&' S ASSOCIATE P.B.I.B. DESIGNS 

Ea.llel' aaalyale allows aeul'81lu.Uoa lD utng thi'H aaaoclate 

PBIB cloalpa fol' ebtatv•ns plau lD tb1a case (U). JI'GJ'thel' seael'l111aaUon 

11 compllcate4. 1f each llDe la Cl'oaaed with llDea pea at lD any two of 

come out u ahowD below, 
( 

(5.10) 

Adcllq (5,10) ovel' aU~ ltnes which ue fil'st aDd IJCICIOJld aaaoclatea 

of f. th 1ll1e we obaatn (S.U) aDd (B.U). 

afp. + <a,. • ~ >a,+(~+~-p~)Sl(t,>+~·~)Sa<•,> 

+ (a,.·P'u~~ • ~ )s1(m1) + ~ • p~)S~(~) a ~(T1) (5.U) 



Cfla" • Plzt1 +(p~ • ~) Batt,> + (!; +~ ·P:a )Sa<•,) 
' 

Also t;P. .. o,_t1 • S,.(t1) + ~m1 o T( (5.13) 

AdciSag (5.1S) ovol" oU fomnlo llnelil wblch 1ure fbet a1ld eecODd aseoeiateo 

of the Uno t, we sea (B.M) ..xt (&.IS). 

zsfl&i'(z;·pft)t, + <~ ~ • ~ > 81<•,> ·~ • ~ )Sa<•,> 

It lG obvious What ~ Gymbolo atand fo:r. 

Fsoom (5.10) and (9.14) 

I 

I 

I 

whon ~,A1,A3 woapectivcly ati:LDd fo., the coolftdu&s of *t•f\(t1). 

aa<•,> iD cs.14). 

' AclcUiag such eqonttODI'I (1!.16) OVQ'II nil male l1noa whlch ll'WO the flret aad 

aocODd aoaoolatee of tho l th Une, we set two mo:ro .oquattOUB &nvoJ.vtns 

't•6a(t1) ODd Sz(t1). Those two to;ethe:r with (5.16) CllA be solved lflrt1• 

Alao bom (5.U) aDd (S,IB) we gat anotho:r oqUDtton ae follows: 

a • Cos • A1)m1+(~·A3)S1{D))..A1s5(m1) (5.11) 

Tbla ls oxuc:Uy llllmUol' to (9.16) but fo:r the fact that (t1+zDt) appeal'S 

iD ploco of" oa4 sa<•,)+sa(m,.) appeall'8 iD ploco of 8&('&) otc. Solvina 
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thle lA •l.mUa• ~ we pt the .. tiqsate of a, +m
1
• J?wom the above two 

we can obtala the •alue of n; by a~nc:ttma. 

Ito1 naDda fo• C r;,"~, -s1(Ti) J tb8A sum ofequane 4u. to 't 
~ 

wm be ..!... :z: t
1
(\ • 

'i. 
Also ll M1 GtaDda fen C r;,(T~ • T l )+81 (T( >-s.,lTi ) J the eum 

of 8qu&I'OS clue to a; Ia ::-- E m1 M1• 

I 

I 

The foUowlq example ladtcat .. the }noce6u,e of qal.,.lq 
I 

I 
the pal'ttal 4lal181 uoaaea wboD ~recl}nocal c:•,O,.• .. baYe lteea made. 

I 
l1a view of the fact that l'oal 4ata wae act ava~le at baDd, ftctlciOWI 

4ata baa bea maclo \lSO of lo. th1a plUpOIIe. Appe~ l shows the 
I 

emaU table of data , w~..e obee....UODW alq the lfO'ft c:oneapcmd to 

tbose of fomal• Uu PlrOIODY u4 obauvat!ODII olcms coJunme to male 

Uu pl'bleJlT• Siaoe the 4ata may be aasiii2:164 to coaalet of IDAD 

obaenoatlons, ODly the e•'timatea of g. e. a. aad mateYIS&l eftect of the 

~ ue pvu tojatha wUh thellr amn of aqoana. 

A PBm clealp w1th the followf.q panmeten 8Ad ati'UC&iatt 

' 
au.ee to p•ovide a padla1 act of a 9 • 9 •SiaUel elrOSa. 

( 

vaba9, ~raka3, ~~t=6, nzo!, 'a'"'· "a .. o, 

Pl • I' :1 ... Pa • l6 

:] • 



I 

.. s.f .. 

The Dellip Tnatmem .A .. octation 
NQmbe• Schema 

l 2 3 \ 1 (!, 3,4,8,6,.,) 

I 6 4 & (l1 3,f,B,8,9) 

1 ' 5 i (1, z.,6. t,s,q) 

6 8 s • (1. &,6. ,,8,9) 

6 9 s 5 (1, &,6,1,'8, 9 ) 

., 8 4 6 (1 ••••• s. ,,q) 

! 8 5 ' (1. 1,4; 5', 8, 9 ) 
I ,. 9 s 8 ca,,,,,s,6,7) 

a 9 f 9 ca.l/.4,&,6, '1) 
I 

ldemlt,tas ueatmema a• puontal Uaea, each'~ l 
I 

( 1 ol, a, ••• , 9) ao male ie Cl'Oflaed with ovel'yllno J aa: female whe:re 

J Wonpto the fbd aeaoelate 1lcea of t.. T!uu then will be 54 c.oaaea 

lA total, aclu4ioa aoJftns•• Table z ahowa T l' T{ which an the yt.o14 

tctala of CI'OIIIIOa haviDg l th Uae •• male an4 female puou reapec:ttvely. 

It alao pea BJ.(T1), S,.(T{ ) and valuea of the s.c.a. eattmnte11 \• '{ 

of malea .._, lemalc11 aDd Dlt• the ~· ol mate.:mal effect. The 

aulyeta of variaoco la ao ehowo below. 

.Aualyat.a of Variance Table 

Source d. f. s.s. M.s.s. 
a. c. a. 8 M.6666 10,5813 '--
Mat. effect 8 93.1Ul u.6sa9 
El'l'CI1"(11. o. a. ) " 199.0549 8.08&7 
Total 53 476.8313 

Ji' 

!.SO 
1.43 

ID W. example bo&h S• o.a. and matenal eftecta a:re I1DI atpiflellllt 

at 9 pel' com lovol. 

J 
f 



'!:•ble z 

u.. T '1!' l\(Tl) S.CTP ,, t 1 at +m ~ 
No. l l l l l 

' 1 lZ8 133 B~f 
-865 -2.74074 -1.53703 1.20370 

2 146 144 .853 843 0.92592 0.407«> .0.51851 
3 139 143 sst 842 .0.18518 0.29629 0.48148 
4 143 142 852 842 0.48148 o.u96~ -o. 35185 

5 141 ~~ 852 842 0.14814 l.U962 o. 98148 
6 133 149 853 1M3 - 1.!4074 •l.UOl4 2.48148 
7 143 139 853 843 o. 4Z59ZS -o. 42592 -o. ss1ss 
8 156 lfl 845 865 1.92592 -o.Z0310 - 2.12962 

'9 146 136 845 865 O.Z59Z5 ·L03103 - Ll.96Z9 

Grand Total = IZ15.0 

Correctloa Tel'lll = 30104.1667 

'-., 

---- ......_ 

'-

<.. 



CHAPTER VI 

1. P.B:I.B. DESIGNS IN TWO ASSOCIATE CLASSE~D PLANS FO:Q 
PARTIAL DJALLElB WHEN SELFINGS ARE INCLUDED BUT NOT 

RECIPROCAlB 

It oftol'ltimoo bacomeo '*lCiletu•y Ulat wo .,.udy the pedormauco 

of tho parcnt.alllibl'eda alao in oriel' that a botlol' comparison of tho 

,eombloiq abUitlco Gmotl3 the hybdd c:omMnatf.ODD la effectc4. When 

ths eatimaUOD of 'fleld1DS capacttlee of the ~oo&os • whether oampled 

or wasamplec.t, la envieosod. lnto:rmatlon regar4lng ~ porfoi'DWlCo 

of aalfiDgs would gl'Ciltly help In the aelectlon. The yicldil:lg capacitf.es 

of the C:I'O&aee may bo ~ed either through thob mean -ytolds cw 

by addina the 8• c. a. offec:ts ~ ~ gPDCi m.con IAlr any stvo~ CI'08&, 

c&"ooses. Aasumtns abo* weclp&'OCal uoavoe nJ'O f.doutf.c:l,ll, tho prcacut 

o~uation - case (Ul) of cilapte:w m .. noocsoiatctl that the 'plaDtJ of panlal 

dloUela dlacuased tn chaptol' lV ehoulc.t cmly bo eupplemontod by tho 

oeJ.Iqo. The ali3lya1o ct •Q;h plans whQ the firot associllle linos ol'o 

Cl'osaed and aelting ow blcluded lA addition. L\1 the fol1ow1z1B, 

WUh the uaual t~.:tn~, tlu!tre are a total of ~ + v 
a 

CI'OSSelJ lD tho cUnllaJ, 'l'ba DOI'mal eqaatiOD lOl" eiJttmattng 8• c, c. o.f 

a Uno is giVOD bolcw. It JStiW ccmst.ata of Tl which is tho Gum of y\clds 

of nlllnter~l'osses with Une l a124 twico tho ylo14 ~ solflas of Uae l. 

( f.o:il,a,. • •• ••> (6.1) 

AddiDg auch equat!Oha ovor aU tllo DJ, first QIJIJOCiatoo of the l th 

Una, we Sd 

~(Jl&+&~ + <nt-p: ~ ta + <'\+4+t6- P~~ca,) .. I\CT1} (6. a> 
v 

aa Z: t
1 

oO, 
l=l 



SolviDI (6.1) aad (6.1) for 111 we have 

" ATt • s1(T1) • (~+2) (A'"t;,)P. ,, .. --------=---
A(-_ +4)·(~ • p~ ) 

I ( l 4,&, •••• v) (6. l) 

where A '" (~ + st_ • pf., + 4) • 

The efthnate of p. b 1 Ill fact, . ' 

/' !G 
'·•· ,. . 

v<rta+l) 

when Q u tho Jl'Ud 'ctal of aU tho obsertatlOU;• Thua 
1 a ' ' 

" ATi • s1(Tl) •I<P,j • Pu + t) .5!. / 
\'" V' I (6.4) 

ACaa + 4) .. ('\ .. ~ ) J ' 
v " Tho aum of aquare~ cl11e to •• c. a. u J: t1 Ti• Let tho cleuoml•tol' 

t.sl a 
Ill (6.4) ho deaao~ by 6 • Let tho 81'1'01' variaAce' ho fl • Thea 

I I 
' 

the variaDce of the cWieNDCe between I· c. e. •a of any two llllea whlch 

an act Cl'oaaeclla ZAo-1/ 6. IUl4 that of the cWiei'QCe betweeD ,.c. e. '• 

of uy two llaea wblch bave beeA croaaed la l<A+1)r1/ t;,. • The 

a£(v·l)A+r;l~ 
avena• variaDCe of._ two comea out to be -----~-- • 

(v-1) 1::::. 

I 

we may aaaume here that •u = o. Aa aaoal we bave E(t1) = E(a1j) • 

E(eiJ) = 0 aDd the quaatttiss t, a aDd e ue UDConelated haviDJ 

E<tf ) = .:. E(a~J ) • "a 0 aD4 E(e~k~ lolo-! .• We aban a.ow flD1! the 

Gi'•ctatloa of aum of aqaarea due to.,.o.a. whlcb wa11 pveo by •,. 
E 'tTl. 

'"" 
·> 
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" 1- Z 1 Z ZJ . El: t1T1 ts "X E; L AE T1 - E T1s1
(T1l-4(• p n - Pn + 4)G /v 

Now 

! - z .z f . z } z z J EE T1 = vL (~ +Z) I" + \(~+4) +~ o-t + (~+4)0' 

EE T1s1(T1). H[ r;_(I)+Z)p.Z+ { (z;_+4)(~ ,. ;.a~) + n,_(~+p~ ·P~ +4~~ 
. z-

+lltcr _/ 

v(llt+2. ) vz 

I 
' ~· 

or the ezpectati021 mean squares due tO ~~ c:. a. is 

" s1j " ; v1/r and the sum of squal'ell due to e. c. a. ls obtained by 

aubtraetlng S. S. due to error and g. c. a. bOm the total S. s. of the 
• 

mean yields. Then the expectation of mean squares due to /.c. a. ll 

0'~ + rO'! + (v:ijD. [A(n:+9~+16) -(~+4)(z;_-~) 

• ~A-"ut·~H)(~+z)z/v j v\ 
where. as already indicated, A= (n1+p~-p~+4) and 6 =IA(~+4H~·~). 



.. sa. 
' 

E:Jr;pectatloa of meaD •qaal'U due to •· c. a. t1 .-! + ••! aad 

that 4u to error u •! . 
n. •~oact aaaoclat• era. .. • .... aulya• u aual. 

TU to11owiq ezampJ.. ahon th• ualyaia of the lt a It cha!Jel 

/en .. u 4laCWIIed ba chapter IV .Uathe pueutaltllb*- an 

*ncWu. Table J pvu the total~ T1• BaC'1'1) u4 alae e.Uma1u of 

~ 

I·C:•a• ~ *l' 

ExamPle /
1 

Thia eaaJnpb l8 the nme &I the cme alna4~'"-wlth a 
I 

p1aa !rw 17 al? •UaDe1 c••• .. ulJll a Pam cl .. lp wlth pai'III!Uiten 

"' •lt. 'It "' "· 'f • a. k .... etc. But· ..... .,UU.a •n ateo 
\ 

•ncludo4 •• t!lat the totaiiPU'D'tlv "' o..-... J' as. ' 

Ahalpta of V'ariilJK:e Ta\:411 

@ouKe D. F. s.s. M.S. J' 

a. c. a. 16 6, fffl o.a o.s 

e. c. a. 68 ~.l)oas l.ST 

Total 84 100.6764 
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TABLE I 

Ga-and Total = 286.50 

CoJ>rcc:tlcm Tenn o 965.67 

Ti ~('\i) ., 
31.00 zn.oo •O.Z50919 
16.50 2'10.50 0.!33455 
1!.50 270.00 -0.010450 
1_6.00 w.oo o.n5643 
u.oo 274. 50 .. o.o1Z6n 
30.50 261. 50 .o.ms56 
ss.oo 270.50 0.1~!!49 
n.oo 267.00 0.303768 
u.so 268.00 .. 0.090762 
n.oo 215.00 0.!~8 
n.oo 265.00 .. 0.196211 
32.00 266.510 • 0,122012 
3!5. 50 JT4.50 0.116268 
so. so 2'11.50 • 0.305606 
.35.00 !75.00 0.085018 
u.oo a?!I.OO • Q.000919 
sa.oo 26!.50 • 0,098575 



a. tiSE OF 3 ASSOC!ATB P.B.l.B. DESIONS 

With llO fanhel' 41fflc:u1ty the above aoalpw fol' paftial 4t•Ue1• 

whu a..utqs a•o tnclude4 may be aoneraUeed to the ~ue ol S 

1 
aaaoaiato PBlB 4eatps. WheD the 11m aasoctab Uua no ci'Osaed, 

the conaal oqaattcma fo-. esttmat•ns a.c.a. an pvcm b.y, aanm'DI 

E t 1. '"O, 

("l+Z))I.+(~+f)a,+~(t,) .. T, I I 
(6.5) 

I I 

~CD:t+J)p+(~·p!)a1+(~+4+p~·P~l\(tl)+(p~ • p~ )S1(t~) •&pt) 
I 
I (6. 6) 

I 

Az(~+I)I'·P~t~+(p~ • ~)s1(t1)t('\tp~·pta+f~a(t1) "Sf.(T1) (6. V) 

lUllS aelhiq fo• t1• •• have 

I 

~*"'P~ 
sa~~~~ ·P~) 
s, "' (2\ + p~ • ~ + 4 ) 

I,"' CAzBs-Assa)'rl • s~ fia(T,)+A,Sa<'~',Ht\+B)[A,aBs-AsBa.oa;.»s+eaA,]P 
I 

A 

We may DOte that p o Z0/~+2), 0 .,.,,. the Jnud total. 

The aum of s.qqareo aad ataadud onoza ~•• cal.nlated Ia the usual 



' CHAmavn. 

1. CASE 011" PAR,TlAL DIA!.LELS WITH PAllENTAL INBREDS AND 
RECIPROCAL CD,OSSES_ 

\fJ'1cD materoa.l e.ffech are pzeaellt aud reclp&ooccl croaaet~ 

ofie perio•zne41Acltu11Ds e0Jflnp, the eetimates of s.c.a. ac4 matemnl 

efl'ecU are slveD. aa shown below. '1'bU .. the can (lv} of chapter m. 
suppose each line l, OCCIGri.Dtl 'both a.a male a.r&d female, b o~•ed 

at each dme wUh Dt fUn aeaociate llraea ao4 abo llae l b uoaaed 

with tuelf. Thls type of plao aoa throop a.'PBlB 4aelp b dUfuem 

(&'Om the one preeos!ted in chapte.r v oaly r tm* this contains aelfings 

too. The•• al'e •"'a+l) eRase• that an ,o~lod. Them • aama the 
/I 

l'alll!orn ~el wltb ma$emal e.Uoct. 'ft/ilave 
' I 

~+l)p.. (1;+2)ai+ml+S1(t,)~(~) .. '~\ (?.1) 
I 

-arhel'O T
1 

la tho eum of o'bee~ co .. reepandq to cnsaea lzwolv· 

iqlln.G l ae male (&ad Wa laclwlea the aelftDs ot the l ~ Uno) aDd the 

otbar aymbob ataqd frn tho Wlual quansWee. 

A&lblt (f ~ 1) ove~r aU the malo ltrlet which an fhtat uaoclates of \be 

.. th line, 

<aa•1)a,. + [ zeaa+~>~~} ,, • cca~·~+s>ss<•,> 

+('\~tl) =t+(~ • p~+!~(ft\) a f\(T1), (7.ll) 

., 
aa Eta " O. JD.th18 a~ a,_ (':I',) hududaa T1 aS.o. 

i 
MoreOYO:e, U'T{lodicatos the aum of obsowvaUou of c~•e• bwolv!as 

the l th Una as female (ant'l thl• sum tacludea the obaenatlon coneapoad• 

to aeJtiD.B)• we bavo 
+ 

(A1+1>PCaa•3Jtt+st<&t.>+<aa+tmt = TL (7. 3) 



\ 

~ AddlDS (T. 3) <WOIP allfomaJo ltftee twhlch n:ro fl1rat aeaoclatea of tho 

l th ~~De. 

(o,_+1)
2
p + t a(~+~)·P~} t1+<a,~-p~+J>st(t1) ·~·~~ 

~ ~(T1•) tnclu4os T{ • 

NO'V liPOID (7.1) aud ('1.4) 

(r&J+l)T1-Bs(T1) 0 ~ (a,_+l)(o,_+l)·Z(~+l)+p~ } t1 • (~..p~+Z>sa(t1) 

• <af + 0,. + ~ >t1 • (p~ • p~ +8)S1(t~) (T. 5) 
I 

I 
AdcSiq (7.5) ove• aU male Unes wblch are c:roaef''li'Wl Une l, 

I 

<r;+l)S1(T1) - <=,. • P~ + a)T: - (p~- p~ + z)S1(T{1· p~o 

.. t<{+'\+p~)-<o,.·p~ )(pt-p~+l)} 'i 

- t (p~ • p~+Z > (~- p! + 1)- <n:~+p~) 1s1(t1) (7.6) 

Aa't + Bl s 1(t1) o x 1 

aDd A2t1 + s2 ~<•,> a v1• 

II BzXl • BaYt 
Hence t1 a , 

~Bz ·AaBl 

whero 
Aa ca(O:+~ +p~) 
Aa •<a,. • P~ )Ba+At 

Xt a (a,.+l)T1-8a(Tl ) 

(i =1,2, •••• ,v) (7.7) 

B1 ,. ·(~ • p~ + Z) 

Ba,. Aa +(p~ -p~ +l)Bl 



I 
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Y, = (~+l~(T1)·(~·~+l)Ti·C~·p~+&>sa(~•) • ~G. 

Aa uual_ 0 deacttlthe ll'aD4 total of aU ol:l .. naUoaa. 

The ~· of matenusl .Uecta la pvat by 

"' BaX{ •J\ Yi m,= . 
. A~a •AzBl 

when Xl lUllS Y: an ol4•~ud twom x, an4 Y l by ~clDa 

(S1(T1)~s1(Tl)) (OI' Sl(Tl ). 

811111 of •qaa,.•• due to tl la 
v/. 

" 1 1:,. Q 
(~+1) lc;l i \ 

1 aDd ·~ of aqua~• due to Ills. la 
' I 

I 

..: + ~ + (~+l)ciiBz·AzBl) [ ("J+l)Caf+!!'\+4) t Ba{~+l)+~{llll·~+l)j 
• (S'{+9Da~P~ -~p~-zpt+4) t Uz(Da+l)+B1(zsa+l)

1 

- s.~+l)~·Pi.+&)+Ba(l;-p~+l)} 

+ (!ln:+~+aJaP~·Sn1p~·4p~+p~!.) t Bz·B1(p~ -p~+Z)} 
+ ·Sa~('\ +1). 

+ B1("J+l) t -{+tonf+lT~ +ZI{p~ • !~~~~~ 

I 



..... 
a 1

2 
1 2 

2
} 

• l~Pn +~pU • 2A1PuPn + ~PA 

-~p~ ~ aa: + uof + ~~ +~p~ - ~p~ 

.,a 
t • 



CHAPTER VIII , 

Dlrallel cr oases DI'O geul'aUy 81'0Wll in tho fle14 by foUaarlog 

c randomlse4 block lny•oat • This beiDa the pracdco eo t&l', it is 

aodel'etandable that tho bloclul become betere1eneoaa wbeD the '"""""'" 

of crosse• ts couldon.bly lai'S•• A complete dlaUel or even a pall'tial 

dtoJlel wiU l.r1vo1ve ODOIJih DUJDbel' of C1'088efl to be parlomaed SO 

that thel'o le a DOCeael&y to ehcnttR the alae of bloclul by ulq 

IDcomplete bloclul. 'l'hfA chaJ*OI' c!eala with t'bla aepect of the FObJem 

aGd baa thne aectlou. ID. tecUOAl we pve iaoomplete block plaDa 
I 

I 

for complete cii•Uel ci'088U by •IDa BIB cteatpa ~ wttb thell' 
I 

a.aalysta. SecUrllll! peltatu to senel'aUOA of auch ~to .. pal'dal 
I 

dlaUel Cl'osaee: thell' couti'UCtion oDd analyata ~pend QpoD PBJB. 
' 

dealp. Thla aec:tlon hao two p3na. While ~n (o) daa~ with the 

ue of •simple• PBIB destpa. Pan (b) ma'kae uao of l?BIB c!eaip 

in tWo aaaociato c;k.eaea with enyvaluea of ~·a. The last aocUOAo 
' \ 

oecUon s, IDdlc:atea b1'0841y the method of coutl'tlCtiDJ tacompl6co 

block p1aDfl when l'eciprocal ci'OIIaes ore also pl'Gaeut. ID aU the 

foUowlDa case• we ahaU uamne tbnt thei'O an "' pal'etltolllnu andel' 

lmreatt&atton which have been rmmbond at 1'8111!om and that they havo 

been ldemUlec! with tho oambol' of treatments of the locompleto block 

tMoughout the chaptel' Just os lD the earl lei' chapten. 

l. meOMPLE'l'E BLOCKS FOR COMPLETE DJALLEIB USING B. I. B.D._ 

CCIDaidor• a balonc:e4 Incomplete block dOBlp with parar:noten 

v. b,l'k. ~ wbeM "' $Dda fol' tho num""'• of pareJltallDbrede and,. 

c:oualderatlon .lD complete dlaUel uosaea. \V e shall aasumo tbBt 



' 

l'eclprocal crouea are lde.utical abd that we are Dot ialerested in 

studying selfiDgs. a ls reqUired to seurato a plan such thnt these 

available crosses 111ay be grown on the field ln incomplete blocks. 

The method ia as foUowo. 

The Unea (treatmernta) in each ol the blocks of the BIB design 

are ananged in an ascending Ol'del'• Ea¢b 11M (heatment) 1 belo~ 

to a panlculal' :~lock ta· tbeD crossf)d with ever, line j tn the same block 

ouch that J ) 1. 'J:bqs each block of the BIB deslp ol alae k wiU generoto 

"ca croesea which wUl fonn an incomplete set ol aU the'c,oaaes, 

k 
Tberefore there wiU be 'b.'\ Ca crosses in aU SI!IDOnted by the blocks 

' 

I 

linea e. BlB dealsn with parameters v.b,roko '-will pvovlde a plan tn 
I 

b blocks each CCIDil!JtinS of ltrea CrOS$48 StiCh t~ every eros,& Sppelli'O 

'-times ln tb& p1aA aDd each liDo occuva ln these cl>Oasea r(k-1) times. 

In ·Short a BIB deolgn ls firet foi'Dlecl with the inbred 1U1oo as 

tr~atmeftti. Nen out of the Unea ln each such block a lull cllallo1 

cross plan ls obtatned obtal.fW:la thereby b blockB each of alae kc
2
• 

The analyols of allCh a plants as foUowa. 

We ahoU denote the yield of the croso beNoeza lines llllld m 

ln tbe .J tb block by YiJnj and adopt tbe model 

Ylmj "ll + tt +*an+ 8tm. + bJ + 0 imj 

whore jllS tho geno.r&l mellBo tt,lS g,c, a, of the i tb Uneo &tm le 

the a. c. a. o.Uho cl'OSs ( l x m.). bj ll tho J tb block effect aad Gtmj ls 

the ralldom errol'• Then tho nol'lllal equaticma to esUmate the II• C. a, 

of the Unea by lean squares technique al'e stven by 



... 1 .. 

Ts. '"l'(k•l)~& + r(k-1)t1+l( Z: t ) + (k.;l) -Z: •J 
, mr/F J(l) 

\ 
l.m. •1. a •••••• , 

J =l. a ••••• ,1» 

(8.1) 

wluan T
1 

le ~ t<*al yleld (l'om aU~ C2'011 ... llwol-rlq ~ lth liM 

-.4 J<fi ladl~ ... ammnetl~ cmnr ~ a~h 1tloab whel'e the I th .. " 
,Uu occua. .-.~1 1:: l 1 • o. we b&ye 

l4 

T I. • l'(k-lb& + [ ..(k .. J) .. ~J \ + (k•l) E bJ 
.J(i) 

Alao. u BJ deAatea the J th ltlock.tata.l. wept 

BJ • k(k•1) 11. + (k•1) E It + k(k-l) bJ 
a :.cT.) a 

I 

' (8. 2) 

II 
,'! 

I 
I (8. J) 

I . 
when E ~- la th• •11111 ol the I• c. a. -ef.fecta ol Wsaa occV~at SA the 

l(j) "l • ' I 

I 
J th ~ock. 

E 8 " l'k(k-l) I' + (k•l) ( Itt .. '*f.) + k(k•l ·) E bj (8. 4) 
J(l) J a a J(l) 

.l •1.1 •••••••• 

SolYSDJ (8,2) add (8.4) ••a• 

. ,.. 
The ..umate of I' coma• out to I' = !G 

bk(k-1) 
1nDC! total ol aU the ylelda ta the deaip. 

(8.11) 

, whe.eO lathe 

, A {'. 

fte aUlD ot -.uar•• due to the ,.c. a. ta :E.:t
1
T1; •• z: *t • o. eo 

l:rl 
COI'I'•ctloa fac:tOI' ue4 1Je aabtneted • 

I 
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The ..ariaace of 4WfeJ'UCe beweea the I• c. a. '• of aay two 

I 

numbel' of nplicatl!mll of the cwo .. ea ~. the col'l'eaponcllq val'iaace 

of the cllUueDCe ~e,ea ~~ I• c. a. •a wouJd baye beea Z.:./l(v-1) 
'*'' 

whel'e { la the el'li'Olr variance tol' nadomlaed bl~ke. Hace
1 I I 

the pl'eaeat clulp &f.'A8 a mon ilCqu&te expel'llnelie}haa tbat floom 

l'anclomlaed blocb lf 
1 .. , 

• 
k(V• 2) \ 

\ 
I \ 

Tbla lathe elficiacy factol' of the c!ealp (plan ot cnro .... ). 

Ex..,..1atlon ot MnaD 8qure• 

We aban DDW lid out the apectatloaa of me. a aqul'ee fo11 

the eattmatu of I• c. a •• 

The expectation of the aum ol aqda~u· due to I• c. a. la ctvea by 

l a 1,1, • • • ••• 

Now E E T: •;; L-~2(v•l)1p.1n2(v·l)r:+ l(v-l)(k·l)iv:n(v·l)r':J 

wbel'e .. a • ~,.a • 
• e 

I 
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(v • l!) _ - z· 2 
-- L kl(v·Z)·Z(k•l)(r-1.) J cr + (v-1)6- , 
(k-2) ' 

Hence, writios cr! &epaJ'etely, the QPectod value o! mean squares 

due tq a. c. a. is 

(v • 2 ) L-kl(v-2 ) - Z(k-l)(r•l.) J ,.z + cr2 + rz. 
(v-1) (It. 2 ) t a e 

ca'O&sea in incomplete blocb would be as ·shown b..""low. 

Blocb ( b .;J) 

•• c. a. 

Er;ror 

Total bk{k·l) • I E ~ • CF 
2 lmJ 

Examplt~~ 

E • 

The example shows an inc:o=.plote block p1tu:l fol' a complete 

dlaUel c•oas ezperlmem involvtq 6 parental linea. This plan ls 

obtained by lllina a am deetp ,;fitl:; the foUowiq parameters. 

b ... o. v .. 6, I' .. a. k a 3 and 1. a z. 
The blocb, both ill BIB deetp ead the plan of DiaUel Croaaes, are 
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B.J.B.D, Plea of DiaUel Croa••• 

1 4 ' Ia S laf , .. 
l 2 !S Ia a Ia !I &a!i 

I 6 4 1• 6 laf •• 6 

s I I la 2 Ia 8 Ia 3 

l 5 6 la e 1•6 5a 6 

a 6 , •• 6 laS Sa 6 

• 5 I a. • a. !I •• 5 

a 4 6 aa • a. 6 !6. 6 

& • !5 &a f s. 5 ... 5 

!i B 6 Sa s. !a6 '3. 6 

TABLEf 

Oraacl Total • l1SO 

Eattmate of p. • !57.6666 

No. 

1 
a 
11 

• 5 
6 

566 
584 
579 
5V5 
!SSI 
5V4 

..0.5000 
9.0000 
1.0833 

• l.e66 
.ao.sooo 

o. !333 
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'l'he ualyala of vnluce fu the a•mple b •• rollowe. 

Aaalpb of Variuca Tal!J! 

So!~rc:e D. I'. s.s. M.s. a. F 

Block a 9 958.0000 106.44 o.s 

g. c. a. 5 u.oooo •• so o.o 

El'fOI' 1J 1858.6666 190.51 

'l'Gtal 19 5840.6666 

J!ClOMPl.ETJ: J!LOCKS·lOR PAllTJAL DIALL'EUJ t!SJNO P. B , I. B. 
DESlGNI 

\ 

Paa1 (a): Blmple PBJB •••Sw 
0 

I 

Whea a panlal aet of the cltaUel c~roa•• ta to be U&"aqtid ba 

iacompleteMocb. 0... a almlla .. 1!'411bod of serun:attoa of caousell may 

b uaed aa4 &a the p:ruut nb•aectioD. we ahalltiaouaa the ue of a 

1al1Qple1 PBIB cJ•Ip. A parttany ••1aaced cl•tp wWl two uaoclate 

cluau Ia aald to be almp1e if elthe~r (i) 'I 'I o. ~ • 0 Oil' (U) As.O• 
'a r/ o. ( Boae et all954). The c:ue (it) can be ndvced to (i) by 

IM~ the 4ealpatloa of flHt aDII aecoa4 aaeoct•t••· HGce 

caae (lJ wiD aloae be taken, 

A pJaa of CI'CI3aet p~Mntd tlaoqh a P8J8 dutP ol tile 

above type ~·· in a uat lonn the blockiq of tbe p6~ 41alle1 

croaau lfn ..&ich l'eclpn~Cal C1'otau Ullll aeJifq• are abe.-. lablltify· 

lai tJie tl'•h• •DC• of the PBl8 4u1p U liua, all pe .. tlde CI'OIIel 
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•IDDDI tho llnea lD each block an made and thoae C1'0411 .. fom1 tho 

' blocb bl' tho c!iaUel CI'O .. plan. Alt , f 0, ~ zr 0 the plan 10 18Del'ated 

wiU have b bloc:b each olallae 'Ire a each that each Cl'~l la 1'8plict1ted 

'a Umea. ~be ualya\8 101' entmatiq the IIWII'al combJntng ab'lltiea 

of the lloea 11 preaemed below. 

Let the panmeteQ of the atandai'CI eimp\c type PBm dealga. 

be b,v,l',k,'t•'l•"l•Dz• 
pl l z a 

p, .. u pl! 
a~ Pa '" 

ru ~11 

I • 
p2 Paz u 

I 
Uainl tho eame model aa lD aec:tion 1, the .ap..mal equatiou fol' 

I eatimating the ,.c.a. effects olthe llDea b.l'tl as •h9w0 below. 

I 

(8.6) 

l zrl,a, •·• •. ,v 

when T1 ilil tho to&al yltld q1 ,u Cl'ODiilea wtth llu land the othll' 

aymbola nzoe the uaul ouea. 

II BJ denotes the total yield of tho J th block, we alao have, 

BJ ., 'k(k-l) 11 + (k•l) :& t 
a t(J) 1 

(8. Y) 

J .. ,,a, ....• b 

whoftl z:: t1 ta tho eum of aU I• c. a. 'a ofllDea iD the J th block. 
tO) 

appeara, 
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E B .. rk(k-1) p. + (1&·1) [ rt
1 

+ ~s1(t,)] + k(k-1) E b (8.1) 
j(l) J a 1 • a J(l) .S 

]i'zoom equations (8. 6) an4 (B. 8) we let 

• (8.9) 

Summtng (8. 9) over all fUn associates of the l th Une and lettiDJ 

z1 stand for the L. H. S. o1 (8. 9), we aet 

'$' 

asEt=O. 
l=l l 

S.(Zl) ta the IJUIIl of all thoao Z'a c.onelf~li'J8 ~o the arat !lGSoe!Gto 
I 

Unca of the I th 11ac. SolviDS (8. 9) and (8.10) lol' t1, we hove 

1 a 
<ot • Pu + PU )z + J:L( zt ) 

,,.. t ~ -

~ (k-2) [a,_ (n1·P~ + p~ HI\ -p~ ) ] 

1 .. 1.2 ••••• v 
v .... 

The sum of squal'es doe to g. c. a. is 1/k E t1z1 • 
l:-1 

given by l ! a 

• 

A ., !k(a,_ - Pu + Pu - 1 ) r~ 
V(tl .. 'm) "' D. • 

when the Uaea land m OI'O croaoed 

!k~ • Pb +Pit )!
2 

D. 

(S.U) 

when the llDea l and m aro not cl'oaled. 

/:). 4enotea the 4enomhtntol' in (8.U) an4 .,2 ta tho enol' variance. 



·Sf· 

2tl [(v -1) ( !:'1 • Ph+ J, } • !8] ~ 
(v·•1)6 

The entmate ol mean ta 

• 

valu. olthe mean squane due to ,.c.a. The 8lUJl oltQWll'el due to 
v,.. 

,.c.a. 1a lu1ownto be 1/k I:t1zt whei'O z, .. kT1 .. IE BJ aa4 
t4 JW 

1 a 
(' • Pu ~ Pu ) z1 + s1(zt ) 

Jlow 

El:Z: ~~~~ [C~+1)k2 -4k(~+l~+4] r: + '1Ds\k(k•!,.,a, 
.,2 iAdlcattq the enol' ""SaDce. &~ 

EE~~(zt) =vot~2 (p~. 2z;lk .. a)ar! .. Vl)~k(k·2lo'a •. 
eo that f!'om the above two apsoualou 

• 

a a rt + r • 
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Enol' 

Total 
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The 8.Dillyals of varionce tabl4 fol' the plao of puttaU dlnJlel 
' 

A!alJ!ls of Variance Table 

(b-l) 

kbt_._k_·_l) - 1 

2 

s.s. 
2 EBI ·CJI' 

k(k-1) J 

t-Et1z, 

E. M.S. 

I 

Ee 
I 

' I 
I 

I 
--------------------------------------~r--------

I 

Put (b): Uae of PBm deaips with antvaluea of_~·!· 
I 

lA Wa aub-aectlo!l we shall dlsCWJa the cnae of ulq PBIB 

dealpe, ln two uaoclate claaau havlna bach values of '-'• poaltlve. 

la o:rde:r to achieve OG &Dcomphte block plan lo11 pa'lltlal dtaUel CI'OB&ea, 

and the p1aD of ci'Oaaea obtabaed thel'eii'OJZl wo shall pve the aulyala 

fo:r eatlmatlns tho pneral combining ablllty. 

Suppose that we aN ma'tdq ue of a PBm deaip with v 

tl'elltmeata bavlq both value& of ~18 peatu than 1501'0 fOI' lePntloa 

a plaa of pal'tlal dtalleJ lo v puema11!nee. We ldeDtlfy aa U8ual 

the tl'eatme!SU wlth the llua. All tnatmeDt pabs ln each of the 

block of the PBIB 4eeign a11e fonnec! IUl4 ·~ dealpted aa ci'O .. .a. 

These c:roaaee &l'ftDI8 tbam•elvea lato b blocks each of alae kc 
2 

and 

they ccmslst of both the fbat and aecoud uaoclate ci'Oaeea. 



Omltttns Gil the ooCODd BDaodato c~ooo wo wU1 bo 1oft wflh tho 

lint asooclato Cl'OOoea alone ilnGJ18od lD the b iDcomplote 'blocks 

DOCOSOa.)' fo~ the ~ oet o.f tho cUallel. AD G IPG01Jlt of OWih 

tho ,omoln!Ds block aU!o ueod aoa be cODDtaot. But wo I'OIJtrict 0111' 

lDvooUptlcm to thooo caooa ODly wbel'o the l'O"»'tmD3 t'11li'XIbol' of 

cJ'ooaeo iCI tho same fl'om each of tho blocko. Wo thus conotralD 

ouoclvoD to plano got tbft1usb uoooJnu, aay. tho tuot !jOeoclat<r 

lSnoa 0114 bG'rina a c~ block elze. Ccmsldo" Gn l tb liDO • 

Let C be the ~ of t""WODIO "mnmOD botwoeD tbG fil'ol 

I 

it OCc:1U'8· li'o. paft1a1 cUniW piA.as olJtalmbJe tbJooup ouch 4ooi~J11o 

tho aaalyniD Is as obowzl1:1alow. 

MaJctna uso o1 the model 

whai'O T1 ts the sGm of aU yielc!B of CI'OOSOO with tho I tb Uno all4 c 

Is tho CO!I'$Uit (!•fhled llnl'liuo Aloo# WO got 
... 

•. 
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BJ a 'lm/2 I' + C :E ti + kc/2 bJ (1.11) 
tO) 

J :4,&, ••• tb 
when BJ ts the sum of aU yle)da ID thtt J th block. 

Addl.Dg (S.lJ) 0901' aU tho blccb wb81'e a pas11culnl' liJie l occ:.ua. 

Z:B a 

J(l) J 
V. 

Ji'J"Gm (8. U) atld (8.14) wo have, ae~ :E 't a o, 
l=l 

z1 akTl • ~~J a k{J;\ • I'C) I" 
J(l) 

I 

+ [t;\k•lc(l'•~.a>J•, +[ \k-Ze(\4'z>]s.<a,> 
(8.19) 

I 

By addl.Dg (8 .• 15) 0901' aU IIDea whlcb an fii'St aaaoctatea ~ the i th 

11110 we •• aooebcv equaUoa, on the 10ft baA4 ,414e ol whic:~ we have 

l a 1,2,. o • .v 

where 

A ak~la •I'C) 

B =~\k • !c (1' •lz) 

D a .. lk ... !c (~ • la ) aDd 
A . 

"' "' !0/vua \. o belDs the srand tqtat of aU ttel4U • .,,. 
Sam ofaqua..ea du. to t1 la 1/k :E t1z1, IU1d 

l=l 



.. za [a + D (Piu • ~ ,J u' 
b. 

wb tho llJ:Ioo t 8DIS m on a.ot cnose4 

whoro ~ to tho dtmOZ!!I.DOto:r lD (8.1.6 ). 

U tho uocond nosoclnto c:rooooo have boen mado SAd they .fo~m 

tho comouts of tho blocke, thl"ouab almC.ar SJ'f3"'MUO tho aaalvsto 

may be pzocwolltod. 

J, INCOMPLETE BJ..C)Q PLANS \'tHEN RECIPROCAL CROSSES Al\E 
ALSO PRES!i:NT 

This aapoct ol the Fob!om &a <llaeU&OO<! oaly for tho caoe of 

P'lrtlal dlallol c&'Ol)ooa w~ pl@o ue obtainablo thl'oush Pam 

donlguo. Honc:o moot of tho ouccood!Dg na,sumollto bnvo a boariug on 

thooo of scctlon 8 Of thle chaptOI'o 

When roclpzoocol cnrosooo uo cloo pol'lonnod aimiJal' mothoc!o 

of aono:rntfas tnc~ bloCl& plana for tho pnrital dlaUolo ao 

PJ'Oflontod to socUan a may bo uaod with .sU(Jht modUtclltlon to nJ1ow 

to. tho L'CCIPJ'OCnla. Two cnoeo may nrioo. Fil'aUy. tho. c:omtnat 
I 

c may be ovon. That to, thoi'O a•o ovcm anmbe• of hcatmoctn 

common botc:roon tho fbot aooocla.to of • p1uticmla1' troatment, eny t, 

"'itw. 
doelgn. To allow f01r tho woclpi'OCals tn thlo ~ton, tho aumbe:r of 

bloc!lo f.n tho plan 'II1Ul be doubled whh the block·alae remaining tho 



the bloelt etae of the plan ie 4~. tho 11UJ1'1bov of bloclco I'Cilmalrdas 

conatazzt. The ~vato tw tbe fonD81' to 4iacuoead aaiQa Pam 
4eolan with anr volw:re of a.•e, wh1ie that loJt the latteJt caeo le 4iccussed 

· Ol'lly fo&> a 'e1mple' PBIB doslp. It may bo oeon th:1t c Ia equl~ 

to (lt~) to:r the PBIB 4oatgn Of e&mple type. 

caeo 1: Whon c la !!AA 

Tho plan of C:«.~G$OG anaqed f.ll f.Qcomple\0 blocks o.nd Juv!s:l5 

I'Of.:~ CI'OIISEW nloo, Is obtnl~ &oi:n tho plan few ClfOOSOlt without 

R"Ccl~le by lifO~~ cad\ t:llodl twlco. aut bore tb!' .-epUcattcu 

ol the block is offectcd lD ooch o nmaaol' dl:ll Sa each Of the idoatlfal 

bloc:ka & Une appeal's haSUhe nm:nbow oftimea ac malo cu:ad ~alotns 

bi:IU tbe nnm'be!r ,d. tiZI11lO ao f>~t'!llll1o• An Ul\'W,Ntlou \liWl4 btl)p U!lde:r• 

ataQtl tho ettuatlon bettol'. In tho tollovlns Ulu.Gtll'aclon wbe&'O tbo 

I'Oillo nt'o blocb, tho PBm deatsu ta Sivec a1oDg wWl tho plan of c~ror~eoo. 

Hero tho ecca.u;d 080~ C'"SGCIJ (la "'1 ) QJ3 omitted aAtf tho ft .. ot 

uocciate nosscs (\ "" a) ue ~ and ooda block ot tho plan lD 

ropllcatott h1ice to oecommodate tbo tree~pi'OCC!a. 

Noto: Each pnb of letters Wow 
bd!catea a croos. Tbe ft:rot 
\ettol' o~ fol' male llao and 
tho soconl!fol' fomnle Uco. 



..60-

~B.t.B.D. The Plan of Cll'oaaea 
\ 

a 3 .. ' 24 u 43. 37 
4Z 2'1 M .,, 

1 a 5 8 15 61 58 5S 
51 18 81 15 

l ! r 6 9 16 91 61 Z-9 
61 19 26 91 

l 6 6 ' u 61 ?!J 6T 
5I 16 6Y 'f6 

8 4 6 8 u &a 84 68 
4.8 .£6. 48 86 

J 4 5 9 N 5J 94 59 ., 35 49 
f 

95 
l 4 8 9 18 91 84 

/ 
49 

81 19 48 94 
a 5 ' 9 17 91 ?5 59 

f! 19 Sf ;/ 95 
3 6 ' 8 S'1 8S 'f6 I 68 

13 38 6'7 86 

Conside..W, the model 
/> 

I 

I 

Y~m,t ., P. itt + 'm + •~m + mm + bJ + e.m.., 

t.m. • 1,a, •.•••• 

J cl,a ••••• ,Zb 
' 

when IDm atan4a to• the ~D~Uema1 effect of the m. th pai'OII& (appeanns 

aa female l.!l the c~roaa) aDd the tneaQIDIJ of othe~ symbola we elna.dy 

bow, the !oJlowins aormal oquatlcms may be Wll'f.UeA don. lo the 

genual eaae los: a plan of curoaaes fr~ a Pam destsn with the uual 

(8.17) 

whell'~ Ttla ~ yieW acta! of aU the ci'O&aes l.!lvolvlDjJ i th 1iDa as 

malo. 
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Tj, o~~l' + '\~t,+a1\-. + \S1(t1) + c/2:!: bj 
J(i) 

(8.18) 

wheaoe Tlla thCt total yield of aU the uoaaaa iavohiq l th Uu u 

female. 

J o1,J, ••• ,lb • 

.Uaoe BJ b thta' total yield lathe J th block u4 E ~ b 4eflu4 almllal' 
l(J) f_ . 

to z tl foao the matetiiAI effe~a. A441aa (8.19) o.ei -.n the 'bloc:b when 
m) J 

a pa.Uculu llu t oc:cun, .,.. have j 
I 

I 
I 

+ [ ... k. Zc ('a·~)]s1(\). c/Z(•·'a)Dlt 

+ ( \k • c/2(\•'a) ]s1<m,_) (8. 21) 

• c/2 ('a·'z) ~(1111) 
Thu aolvtq (8. 21) u4 (8. 22) ..... , 

(a. aa) 

I 



.u .. 
<~-~~) ( v,. x,> + s

1
(v1 • x,) 

• 

l al,&,... • •• • t'V 

whoi'O f\(Yl- Xl) la tho sum of tho dllle&'CJICoa (Yl .. x,) correapcmdlns 

to the fbot aaoodnte of the l th UDe. The o!Jtlmoto of t
1 

ho.a the follow· 

lDtJ form and la l'lltbel' combuaamo. 

~ [ Oz + CIJ(~ • p~)] Wl • o3S
1
(Wl) • e1 [ 8zt 0?~-p~)-~"JoS] ~ 

tl a _l 

Whoi'O 

8 a [ Qa • 0 5 ~ • ~) J we: ('\ ·it ) 
1 ol,a •• , ••• ,,. 

dl.anl [nsht • P~) .. a4- D;S'l~sJ 

c!a .. na [as ~ - ~ ) .. a4] • a,as <oa~ ) 
4s " ·(asQ4 + 8 ,P.sf 

44 ., a4 [as~ • ~) -a4] +af (~ • P~) 

c18 •a1 [ a6 .. a1 (p~. p~) + '\l)ay] 

~ a aa [ 86 .. Q7 (p~ - p~ >]+ a,a, (n,-Pfs ) 
d7 a a 3a

6 
+ n2a., 

d8 a a6 [ n6 .. n7 (p~ • ~ ) ] • a; ('\ • pf. ) 
~ • k<'\\ • ~rc), "a .. '\'llr.·!c(~r·t.z> 



r: 1 a J · . 
z1 ., Las (pU • pU ) • 114 x 1 - a5~(X1 ) 

Zl 11 [a
6 

• a7 (p~ • p!)] Y1 + a.,S1{Y1). ~1he eotlmata of I' la 

I 

" /1 p. a ZQjkc, Q donotl.Dg the grad total of aU. the yields. 
1\ 

Sum of Bquaros duo to t
1 

lo :C t
1
x

1
jk. 

E!a.mplo 
. 

This esamplo vri11 ohow aU the computatlo.aal otepo need to 

noalyoo a po.rtlal c!lallol with reciprocal nooecs which baa been soaloecS 

lD a~ Incomplete block plaA. The plan Ia given lD the next pase. The 

normal equatlODD for the a.aalysla are ao foUowo: 

T1a 6p +fl*t + l\(t1) +S.(~Dt) + E bj 
. j(i) 

T{ a 6p. + 6\+6~Dt+S1(t ) + :C bj 
l J(l) 

(E.l) 

(E.Z) 

(E. S) 

Xl a 3T1 • :C Bj a 6t
1 

t S.(t1)- Sm1 +~(m1) (E. S) 
j(l) 

Y1 '"3Ti • :CBJ ., 6t1 • s1(t1) + 1Sm1 • ~{~) (E.6) 
j(i) 

(E.4) 
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P.B.l.S.n: The Plan 

1 ! l lt l1 !J 
!1 u )! 

1 6 4 14 61 46 
41 16 64 

1 1 5 15 11 !57 
I !11 17 15 ,., 

8 6 36 83 68 
6) 38 86 

!5 6 9 56 95 69 
69 " 96 

• 7 8 47 84 78 
'14 48 87 

3 9 1' 31 93 79 1 
n s9 ~7 r 1 

2. 5 s 25 8! 58/ 
52 as !t' ' 2. 4 9 2.4 9Z 
4& 19 r-

' Paumetera of the J?Dm cleaign:b a v a 9, r., k "3, ~· .. 1, la a O, 
3 2. 6' ' 0 

~·6,nz=Z. P1 ~:~( ),P1( ). 
0 1 

:. 9X1 + !..S
1
(x1) = Mt1 • 2.'1m1 + 98al\t1) 

1sv1 + a1cv1) ... 1o~i .._ ~f\(t!~ t 21~ 

From (E. 9) and {B;.JO) 

(E.?) 

(E.9) 

(E.lO) 

Zl ,. 90"t + ZO~(xt_) + l8Yl+Bt(Y1) "f>48i1+8lf\(t1) · (E. U) 
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.Abo (Y1 - x1) •18~ - ~{m1) 

9(Y1 • X1 ) + s1(Y1 • X1 ) 

16! 
• 

:Voao &ctlal data bandJtn1 the foUowtns table would help. 

ca .. a : When c 1a odd 

In thle call each line lD a block of the PBm, de&lill le cl'oeeed 

wllh aU the othel' llllea lD lt once •• male and onc,t f.• female and the 
II 

eecond aeeoclate Cl'oseee &l'e omitted. Thne the·b blocb eo sonel'ated 
I 

I 

ln tbe plaA ue each of size kc. We give the aoalyele below fol' euch 

a plu when a. etmple PBm deelgn le used for which c liQuale (k-1). 
I ' 

On the o&rUer model, the oormal equatlODe take the foUowtns 

fo..m 

(8. as) 

t c:1,2 ••••• tV' 

where T
1 

lethe total yield. of C:l'oelee lAvolvlDs l tb llAe ae the male 

paraat 

(8. 24)· 

(8. Z5) 

j a 1,2, •••• ,b 

."jd) BJ " rk(k-l ) .. +Z(k-1) [ n 1 Hl8l(t1>J tl(k-1) [ 1'11\t~S1(mt>J 
+ ll{lt•l) :E bJ (8. U). 

J(i) 
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F~7 (8. as), (8. &4) D.Dd (8. Z6) wo lmve 

Xl "kT1 - ::& DJ = ~(k·1)(k•l)'1 • ~(k·l~(t1) -~(k-l)m1 
+~s1(m1) (8. ZT) 

and 

2 
Yl :o !tTl - E Bj a ~(k-l}(k•Z)tl • ~(k-2)S1(t1)+1'(k•l) JDt 

.. ~(k·l)Sl(u;> (8. 28) 

Add!Qs (8. 27) aDd (8. 28) separately over tho fbst q.osoclate llnoo 

- of tho I th 1We we obta1A ~(X1) a.ad "(Y1). 

Then, tf w llldicates tho value [~(')·Pt + pj} •(I)·P~) J, we have 

' 

1 2 I Z,. "('\-Pu + PU )X1 + f\(X1) a ~(k-Z)wl1 • ~wmt (8.29) 

and 
I 

Z&l •·(~ • p~ + p~ )Yl + s1(Y1) • \(k•i)wt1 + (k-l)~'wml (8. 30) 

So1viDg (8. 29) and (8. !tJ), we obtain 

t a (k-1 )Zu + Zzl 

t k(k·2)w 
• an4 

" Zzt 
Dlt .. (k-!l', .. - • i = 1, z •••••• v 

w 

••••• 



APPENDIX I 

Table •bow!Da data coneapoDdlrl& to 9 • 9 &allel tnoludlq aelfloae 
oa'.l nclprocala4 

l ! ! " ~ 6 8 9 

l Z1 Zl, !0 19 u 11 as 
2 24 !0 aa 88 IS 24 u 

3 19 &!5 19 as. l3 zo 24 

• !4 26 u &1 24 28' 20 

6 !4 15 21 24 19 !!) 21 
I 

6 19 28 19 !4 25 ¢ u 
I 

' u M 11 u u ,/11 u 
I 

8 25 as at 30 Z6 to' as 
I 

9 u at 21 !4 Z9 aa I !t 

I 



SUMM.AllV 

ThO rolo of pnrtla14lallel o.oaaea lA p!alll ud AldftJOI breedUlg 

eapenmeots ls wel1known. The ~ to., paltlcl c:lJaUel ehlteoa 

hitherto have be= $eAe1'L!.te4 lly o.a1q pant.ally blllaDcod ia.c~ 

block doslpa ill two plot blocks aDd two casoc:!ato claaaea. Bed theao 

piau ant aot &eo fJ'OtJl cOJ1a!A roatrictioas wbl~h tile above two 

~-.bloc:ll dulpa lmpooe. 

ID t~ pntCI# toveattsatiou aow mothoc!s of evo'lvlo, plsas 

lor ~rttal dioJJels nn G~tad which p"1'0q to ctortala btat 
I 

moM ilexlblo thaA tbe earUel' ends. MaklaJ me of PSIB cfeetpa 

wtth a.ay block alae aQd aay t'I.IU'Il'J--;; et &a80Cliat~ Clnuca, the p1aaa 

baw beeD gcmome4 to eu1& llDillJllh wbeD l'eqipa"oc:lll crohoa nre 

also pedo~. Metboda of analyaie !01' oettmatJnl acmeral aad 
/ 

zepectllc ccznbtnsq ebllltlea aad mntoi'Dal eflec&o. lli'O pruontod 

alcma wUh et.aada~ enon tor c~cm. Eapect.atton of mean 

equant• chua to puoral Gad lJpOCWc ccmb!J:daa abUUloe IUid CJI'I'OI' 

havo been calculatod. Dlffo ... c:oaea ncccm!lng to 'IPhethell plrC'SQtlil 

SDbHII!o with/wt.thoul the IFOCipoc:al F 1•a an Cncluded or no& have 

bceD dlG<:vssod Ia chapter IV tb1fousb cb~ VU. · 

The) aeceaaily fol' ahortu blocks in the layout of the expcrimeot 

beeomlns evident. ltloU»0 ds fo'l powlrla pantal and complete dlAUel 

Cl'OBaoa in lzlcompl.cto hloo'b on lcdlwed • The a.aalysea of each 

taco=plete blocb of 01'08888 aM abawa ln cha'*" vm CAd they 
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Anneleture to Chapter II 

The author's attention bas been brought to a paper by Hinkelmano 

and Kempthome (Blometrica (1963). 50. p 18l)'who have considered the 

correapon.denee • lo thd uaual &ClUte, between partta~ dlaUel eroesea and 

PBIB deotsne with m auoc:tate clesoes. The bl oek. alae of the PBlB'e 

remolDs two ne wno the c:aao cadiel' and thevPreeent analysts to a 

generalized fashion. Mate;rnal effect& and other S'elated extensions have 

not boo11 eooatdored by them. 


