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INTRODUCTIOHN

evelopment and implenzanta't:_lon of scientific byrocding
techniques over ths past yoows hwve glven good vezgulbs,
Howeveyr, poientiel seloction of supericy psrenis is of
paremount imrortance in incréasing ths geneitlc wﬁi’th of & |
populatlon end -%:he:;eby inceeesing the pioduction. The |
amount 401‘-‘ genctic advence by selection depends on the
genotic verlation preveiling in the populebtion to a luvge
ext&ﬁt.‘ Moy edditionsl cwount of kKnovledge of genetle
verisnce,; will thus, be of uizpost'utiiity in plent breeding
progranzes. Though, inepsasé 1n prbduction is the ultimete
objoctive of breeding process, selectlon based on the high
yield sloxe is not welalble es yield ls dependant on many
other comporents. TMurther, the modern foiming techniques
like maléiple cyopping, multi-storeled cropping, inter
cropping ete., heve biloadencd thoe scope of breeding, Mor
these rezd3ops, the concespl of bresding ior meximum yleld
have got chenged ehd further objectives like discease recicte
ence, short duration, optimum vegetztion e%e., heve elso
sterted cgitating the minds of the more cuslous ezperimenters.
These fecis yandsred enoughtscopa ior opening new vistes of-
stebisticel technigues in the fleld of plent byeeding, Tiw
techniques of mulbtivariets snalysgs lLiwve bocome sll the moree
importent in plant byseding progranrss as tho broeder arxe
provided with & oot of verisbles to be hendled instead of o

slngle one,



In genersl, nultiveriets procedures g9 conedsrncd with date
in wvhich several vardsbles how been uss6s8&0d for each object
undey study., These procedures are classlifled as interdspendent
anelysis, dependent enelyeis, clussificatlon end multldimenslo-
nsl sezling, TFoetor aneiysis end principsl componegnt anslysls
eye ilnterddpoudent enslytlcel techniques used to enelyse the

inter-s0letlons erong & 386 of varlabiesg,

Feclor cnelysls hag been first developed in the field of
psychology to ldentify the unkmown factors of intelligemce by
anaiysing the correlatlon structures of vavious text secores,
It bas been recognized, lowewr, as a ustiul tool in meny
fislds of nstursl end behavioural seiences in addition to
psychology. Not much work has been reporidd on 1ts use in
the fleld of sgriculturme. The fuiure need for adaptation and
aeveloprent of faoctor apsiysis models and methodology 1s
avidont in the growing intersection of soclel snd sgriecnliuvel
saleness, The trm factoy anslysls 16fers to & number of stabi-
sticel techniques used for the resolutlion of & set of obssrwed
vericbles Into & fow hypothetical verlebles, In the case of
breeding progremmss, factor enslysls will provide supplomentry
infornation on the diversity with & lesser number of cencetdve
fectors. It is auperiory o correlation scereh methods in
bioliogicel evolution, vhere the sxperimenter is unlikely to
heve & priopy Mowledze of csusetlve infiluences, Factor
enelysis ¢en bo used ag an oxploratory tool for creating

bhypotheslis on the number and neture of csuzetive faetors
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infivencing the dversity of & éopulation_. Loproprlate
fotetion procodures are developed to find out the exact
positions of foctors, if two factor solutions on semé subjects
sye avelleble, This typo of procodures aré tormdd conilrmstory

factor enalysis,

Principel component enalysis csn be umodliled o e fmctor
enalytie mathod, termed facbor snalysls through principal
conponents, However, tke major utillty of princlpel component
enelysls iies in & parpsimoneous Summerlsation of the dats,

The model used for princlial component anslysis is difierent

~ from factor anslysis moddl as the former lecks orpor temm im it.
l- Diseriminant ensdiysls provides the amunt 'oi‘ gonotlice diversity
present ln the ﬁopul&tion. Ihe genotypes may then be grouped

- dnto clusters snd those gexohypes belonging fax"dii'feeant

clugtera cen he choson for hybyidizetion,

Groundanut is an mp;ortaxit oil ssed cyop in Indis, end
seccounts for about sixty percent of the total olil sged pivduet-
ion, Though, Indla bzgs £irst posliton in tho croa of culbi-
vation,of groundnut, the productlivity is much loss whan
comperad to othar natlons, Thls rewals the enommous potential

"to eseslate the pioduotivity of thils crop in India. In Kerals

this ocxop 18 bedng cultivaied in uplends during kheril sasson
end in rice fzllows durdng summey, In ordor to undsrstand
the genetle structurs and scope of geretic improvore nt in
groundnut to Kersls condition, ﬂm_dm;e; gonerated from plunt
broeding tyinls conducted In uplends and rice rellows were




utllised with the following objcetives,

1, To investigote the possibiiity of fixing fewer
ateble factors releied to productivity, yeproduction
snd vegetablon, to delineste divergent plant
ropulations.

2, To lsolate ths ghaovaigrs responsible for
dgirferontiation.

3. 7To estimete geneble dlvergenct for use in plent
braedily proEYLmIbD,

b, To investigate the superlordty of faclor anaiysls
over rrincipal component enelysls end discrdlminsnt

snalysis,
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REVISW OF LITEHAIURE

Genetio verlebility 16 of conslidersble importence in any
plent broeding progremxe for orop improvement. Populstions from
axcas Jay separated googrepldcelly and having complex environ-
ment axo expectod lo scounulat® onormous genetic verisbility,
which offers thw plent breedors & unlaue opporturdty for
plcking up desirable genotypes., £ &pt cholcee of cheracter(s)
for oosessing ths varlebllity hoes thus got irportance in this
contoxt, Multlvariats statistical methods are found to yleld
valid Informstion on thpse mzlitars,

Mul'bi'-var:!.ate procedures are concerned within whlch secveral
veriables have boen ssgegeed for Gach object under study. Ths
pultlvariate esnziyses ney be dfined w8 the branch of statie
gticel ezpslysis which 1s concerned with the relatlonships oi
sets of dspendsut verlables (Kendeil, 1968). A series ¢f unl-
variate znelycis ceriied out separstely for cach vueyviablo mey
sometimes lead to incoryect intexpratation or¥ tivw result, sinco
it ignores the correlations or luicr-dspencsncoe emong the
varlables, Honce multiveriste znelysis has emerged &8 &
poweriul method to snelyse the date ropressntsd in terms of

many verlables,

3,1 Thogreticesl studies

2.1.1 Malysls of dispersion.

The muitivariate enulycls of vardence or MANOVA bogan with



tho derivation of the Jolnt distribution of varlsncée-coverianeee
of & p-variaste rnoymsl distribubtion (Wishaxt, 1928).

The multivericis 7° statistic wideh tests v nuil-hypo-
theglsg that the two centroids coinclds ln p dimonsionel verlatee
spaco was then introduced by Hotelling in 1931, Wilks (1932)
extendad the test bmeed on Ta stetlstle to k sooples, known &S
¥ilk's lembde oriterion, Roy end Guensdesikan (1958) provided
g8 complete generalization of ANGVA to MANOVA,

Bartlet (1047) spprozimatod the distribution of lerbdn
stetdstic to & chl-gguare., Reo (1973) showed under nullelypo-
thesis, lonbda is & product of independsnt beta variebles,

2.17.2, Estimetbion of genetypic verience-covariances,
Frocedures of partitiondng tobel vaa'iauesgixiifo gomotynle
snd enviyonment components wvere found in Hiller, (1958):
Jhonson &t gi. (1955). The rendonmess of thoe assignment of
genotypes to plots willl emsure lhse independsnce of geuotypes
over the environwent in the f£leld, which justifies ths uss of

field experments in plent breeding trieds (Kemptlome, 1997).

2.1.3 Principel couponent enelysis,

Principsl component enelysls was first encounteread by
Kerl paarson {1901) 4in ¢ problem relsted with Fitting of a line
or plave to a scatter of polnts in higer dimenslonsl space,

fotelling (1933) deseribed statistiesl methods of estimation
-0f prireips2l components, He considered pincipel components as

(a) *the axee which succeselvely account for maximsl verlsbility



in & sample' end (b) ttesting the vaxlence to be wxpeetod on
sceount of tho Inaccurency of the tsts ss revealsd by theiy

self-eorielstions or reilabllity coceifiglente!.

Glwyahick (1935) chaysctepizzd the prineipsl aompomnts' &8
() & Jimsay funcblon of varistes which hag leést varisnce
vesulting from éryrors of meusuremenin among Wi ortlogonal
lincey ftnctions of verletes, providsd kv verlesbies hove
squel verlencss of msasurenents:; and (b) & linsar functlon of
varlates whilch has the grestest mezhsquaxe coryalation with the

variablos,

4 ehl-squorye test wes developed by Lewley (1956) for
testing the signdllicesnce of the latent roots of coverieances gnd
correlation metrices, when the populction 18 multiverlate normel.

In e unique peper on prineipel comonents Reo (1964%)
discussed in detzil the meening, imterpratations end uses of
components in spplied masearch, The deseripency between
princlpsl compenent ansziyeic end factor enalysis werd also

- mentioned in this papsx,

The trensformation of principzl componsnts into other
lipear functious which =3 mesnlngful in the bLlologliesl sense
o consistent with esulis of othsy similar auelyses wewe
deseribod by Hollsnd im 1969. This moxs geueral componont
enslysis can lesd to éondansatian of & lerge detsy & bsiiey
undgsratending of the obscrved individials es @nititics wather
than ¢ollectlons of lsolated moansurcments ¢na ths formulation

of now hypetheels for subsequent exsminablon.



When the prineigel component snsiyeis is slmed at the
reduction of dimonglionslity of veviables, the number of compon-
ents to b8 reheinad is often subjsetive and/or srbilitrary,
Bastment and Krsanowski (1982) deseribed o metlond for choosing
the numbe of mm—ponenw to b6 peteined by using t'zza‘ COTTG G
pordance between prineipel component ensliysls and the singulsr

value decomposition of the date motrix,

Aitc?ﬁ.aon (1983) epplied priuncipal component snalysis fov
compositional dete, conslisting of vectors of proportions,

through transiormatlon iteciwlques,

Recently, Chang (1983) hus disprowsd the continuing
prectice of selecting e comporents with ths larger eigon-
valuss to roduce tie dimensgion bhefore clusiering by means of

principel components,

2,1+ Factor anciysis,

The inter corsclations snd the inter dapendsnes ameng the
verlables in & multivarlaote date mey be due H certoin uliob-
gerveblie inhldden fzetors. TFactor znalysis rovesls euéh

undevlying csuseblve fectors of & multlvericte dets,

The tlsoyry of factor snclysis hagins from S-p?amn‘s two
factor tlRory, whibch sssumes that the inter-relatlonchips of nll
ths lvar:!_ables involved could be secounted for by & single
undezlying goneral (sbdlity) factor end gioup factors which
aye cotmon to some of he verlables but ro% to &1l of thom,

In addition o this, & thlrd type isclor which upe pecullar to



gingle vewiebles clone ceiled speeliic foetors wes elso

differentiated (Spoarman, 1904,

Thurstone (1931) gemersllized Spesrman'’s approach o more
than ons csussl factor. i controid method of cabimation of
Yactoy loadings end the éimple gtructure rules of factor
rotation aye aiso due to bim (Thurstone, 1947).

Holsinger and Heyman (19%1) presentsd the prinolpal factor
golution of factor Joadings,.

The stabisticelly dmportant mezimum likelihood pigcsdure
of fsctor loading estimation was maluly dae io Laviey in s
gerlos of papers (1940 =nd later), those wove summawlsed in

Lw.‘s.ey end Hexwell (1963).

‘T computation schsmes of vemious facloy sneglysic motlpds

were provided by Frutcher (1954),

Reo (199%) introdhetd the conespt of basls of o veclor
specs foxr the cherseterisation of fector amalvsis., In the first
charvacteyization dus to him & factor vayizble expléins =s much
of variation & possible of the dete which Jesding to prinelpsl
factor snalysis, In sccond charecterizeation, he consideved thw
feetor veriabic ns the one wildh ig predlcizble ﬁom the opigl-
nel measuremente with the naximum posslbie piesision, leadipg
to caponicesl factor snelysis. For this splution the squesed
cauonlcal coyrelation betweon the linear functien of hypoths-

ticsl foctor varieble snd the lincar funcitlon of meesurable ve
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varisbles (of whieh the hypotheticsl varisbles constiltule
& pard) 18 meximlsed,

Gu{%lau (1956) demonsiraied that the squared mulilple
covralation with other verisbles would constltute the lower libit

of the commmelity of & verlable,

in the two subgogquent papers, Cattell (1965 & end b)
attompted sn excollent nonmethematlecsl introduotion to factor
anejysig, He preferred to esll the anelysis with closed model
vhich secounts for il variances of variables in torms of what
19 in the particuler semple ec comporent snslysis snd with the
ovtn model, which admlis, iwésides the common faclors, unszpleined
specliic i’actore.as factor anelysia. The uses of factor
snelysis in modayn regearch as Lypothosie creating and testing

method werd® also discussed,

Ain estimation procedure of faclor lozdings which avsumes
the variables ars sample while s ob;jaeté vepresent & steti-
stical‘ populetion, ealled 'Alphs factor snelysis' lo dus (o
Keicey end Cuffrey (1965). Hoyman snd Jones (1966) dsacribad
the tMiness soluilon of factor enelysis.

frong the many text books on'faotor snalysie, '¥odern
Frctor Melysis! due to Harmen (1967) is consldecred as &
¢lessiczl work. Almoat sll aspects of fector snelysis wers
described in this book. |

A theoreticesl comparison asrmong prineipel, ceroniesl and
glphs frctor anelysis wore mede by Meloneld (1970)., According
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to him, in chooslng & factor method, there ame, in fect, ab
1¢act thiee sepavete choless o be med@:r (1) o choled of |
baois in (ke common factor space, (2) clioice of en iltevative
algorithm for the detormination of communelitles/uniquenssses

gnd (3) the dscision rule for the nucbex of comron factors.

The maximum likellhood puocedure yemsined Imprecticel foz
severel yoars becense of the slow cnd u_ncart&in co‘nvei_'gencq_ of
the proesss. Joreskog (1967) put forward & new e:;:’flicieni;
slgoritha for this problem, by which & large epplication of
thils proceduze in E’,-pplied £ield of :'eseaich vag nade poaéil;le,

Joraskog (1970, 1973) presented 2 thooreticel unificetion
of multivariete analysis by & genoyel covariance structum'
model, by which many other multiveriste procedures, including

factoy enalysis czn be derlved &s gpeclsl cagds,

Tho generelised Jeast squaxs pipcadurs of fector loadings-

egtimation vas provided by Joreskog snd Goldberger in 1972,

Willlems (1979) hss sitespted for & comprebensive factor

anzlysis thsoxry, by reviswlng three lines of developments wideh

have resuited in (1) & rigorous mathometlezl foundsilon for tha
tirvory of & fector emelysis modsl (2) the bauis for o unified
theory of meximum likelilonod estimetion end tssting for thie
r:odgl znd (3) significent progress toverd the establishment of
o unified theory of anslytie rotation to ald in the inter-
pretatiion of faetor analysia et solutions,

Burtholomsw (1980) provided & theoweticel frams work
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within which meithods for the factoy anulysls of catsgorised
dete cen be ddvised and comparedd.

Tekeuckhd et g1. (1983) dascrived the theory of factor:
enrlyels fzom & geomstiie polnt of view. The drawbacks of
feetor enelysis wore discussed in byrief by Chatfield snd

Collins (1980).

Though, the lsrge uec of factor enulysis 18 for ciseting

hypothesis, termed exploratory factor emalysls, it can &l2o he

uéed for testing hypothesis, tormed confirmutory fector anelysis
© (Mazwell, 1977). In such au enelysis, two factor 1dading
metyicee, obbained from two situztione zye subjected to

rotatlon to yield & tunlque! positlion of fachtors. Catiall and
Khemne (1977) described tho theory of coufiymitory enslysis,

Keiseyr (1958) publilshed the 'verdmex’ prroetduse of
snalytlc rotation, which coneelve e wicer atiention from the
practicel side of eppliod vescarch, Many other orthogonel
roteilon procsdures aye &lgo ln usé, The 'Mexplene! procedure
due to Csttell snd Muerle (1960), helps oblique facior rotation

snd thue sliow corralation between factdrs.

2,1.9 Dlgerlminent enslysis,
The ldncer discriminsnt function was proposcd by Sir
Foneld A Fisher (1936) in & problem related to optimal sepovge

tion of plantes using a number of Inter cormelated veriables,

During tho sem: yeay, Malwlenobls published the paper on
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tgonerelized distance!, which has become the stendard measuie
of dlstence betwesn two populsatlons, whan s11 the obsexvad

characters are quantltative,

Welch (1939) introduced the Heymen-Pesrson iikelihwod
ratio prineiple in diseriminsnting probvilem,

Reo (1948) in his classic work, atiterpted to generslize
. tho IF statistic. In scdltion to tds, 1@ generalizsd Fishop's
discriminent functlon to moxe than two groups, snd discusssd
the "problem of mixed ser@%&'s of samples snd tiepiroblea of
doubtiul regions.

A mois gensrelizetlon of discriminaent fumction is duc to
Bryan (1951). By meximlusing the retio of emong-groups residusl
verdance o the withinegioups variation, he generaicd o set of

orthogonel dlscrlminant functlons or cenonical variatoes,

Tha book by Tatsuoka (1971) provides & compiehensive ides.
gbout discriminsnt snelysis.

In & veview artlcle Arunnchelem (1981) made an exposition
of the theoreticel concepts behind the genetic distence.

.Singh (1981) revealed a misteke commltted by tlw pest
authoys of genetic divergence spelysls In asseesing the meximun
contributing characters towards divergence, snd propossd e

eorreot mathod,

Krsenowski (1983) dsrived a unique measuis of digtence
betwesn populations on the besis of a mixed date-s pizburc of

quentitative wnd catogozrlesd dats) .
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2.1.6 Clustering teckniquas.

- Meny pathods «re in pracilee for clustering objocts indd
&roupa. They aro' summarised by Evesdtt in 1980, A mora
usthematicel discussion is provided by Gordon ( 1981) .

Everitt (1979) dlscussed in deteil {he unregolvad problems
of clustsr snzlysis,

2,1.7 Discarding verisbles in multivsriste enslysis,

Poel1e et al. (1567) discussed the problem of diecarding
veriebles in (a) regression enalysis and (b) inteydspondant
anzlysis. For the first casc they suggested o maximdise the
multiple correlation between tio selected variebles end tho
dopendent varieble, and for the second case, e rsjectsd
variebles m? be regarded &s dependent variables znd ms:d.m.s'_e f.,
tie mulitiple correlation ccefiicient beiweon selectod variables
and eny of the 1ejecied vsriebges.

4 simple rule applioci in this Wgurd is discerd tiw verisble
with highest loadings on the yecundsnt lutent vector am
mentioned by Kendsil st gd. (1583).

2,1.7 Computationsl slgorlthus, |
The corputational outlinses of principel faetor enalysis
snd ceponicsl factor snslysis were glven in iSesl (156Y4),

Arunachelen (1967s and b) providdd FORTRAN IV programs
for canonical varlate anelysis snd for centrold method of
factor anzlysls. Murthy end srunschelon (1967) publisked

progrem for computing uahaiénd'bis p°, as described in Rao(1952).
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Cocley end lohmss (1971) provided severnl programs
. related to multiverlets anelysis,

Joyaskog (§977) presented flow cherts with thooreticsal
discussion for facior analysis methods - unweighied leest Squsres

goneralized least square end maximum likellhicod method.

Jennwich (1977) ﬁaublislmd the theory and complbationel
elgoyithm for stop-wise dlseriminent snelysls.

2,2  Mpplied stadies

Benkcs (1954%)- i:llustéatad how the moethod of factor enalyeis
developed by psychologists to enalyse what might be csllsd the
montel productivity may be usefuily applied to sgricultursl data
in ordsr to deel wiih such problems &8 Crop produchivliy,

Huzthy and Arunschalsm (196?13) appiisd ¢entroid method of
factor anelysis to {ind out the fzetors undorlying in the
diversity of the genus sorghum, Three undeylying factors were
foumd to be sdequate to wccount for mosht of the inter-correla-
tione in both the gemotyple aud envizonmental correlation
metylX,

Wolisee and Badsr (1967) utllissd principasl factor cnelysisg
with verleax rotation on 27 measurements in e house mouse,

Five cormon factcm werg entlfried,

In & controid method of factor snelysis, Murthy ot al. (1970)

found thres facmrs adequate to accomi for most of the totsl
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communaliity in sorghum. The zesults conflired that the uss of
humen selection would chungs the factor loadinge to & conglder-

eble d:grecs ss compared to environmental corvelatlon matrix,

welton (1972) propovied thet fazctor enslysis clerified the
rolationship between correlated characters in the dependencs
structure in spring wieast. The foctor concsimned with flege

leaf arves end duration wes found to Le the most improtent ons.

Singh (1973) ublliced the controld method of factor
analysise o study the ewlutloanary patiem of uplend cotton,
. Three factors wexe found to be adequate for most of the comme
nelity. Both enviromment and genobyple correlation matrices
wore subjocted to feclor enalysis, '

The anzlysls of covaxlunee structures was adopted to the
pimultencous maxinmum likslilvod estimsilon of genstlicsd and
e‘pvimnmntal factor lozdinge eand speeciiic variences by
Mertin and Baves in 1977. The goodusss of fit is tested by
chi-squars and stendurd eryoys of paremeters were obtained for
a twin data oh cognitive abliiiles.

Tikke tnd psavwe (1978) used "factor anslysis in lentll
through the prinapsl componsnt petind as uggested by Hax-ma'n“n
Two fectors were faund impoxsent in explalning the relationchip
of the seven chazacters considered. )

Panis snd AGAms (1978) performed a princdppl facior analysis
on 22 rorplhologlezl and yisld cherncters of 16 euwltivars end
s8trains of beeus,
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Date from e cloned plent field trisl wei® used by
Willemson end Killick (1978) for cenomicel enalyels of
digorinmins#ice, princlpal component enslysls end principel
‘eoorddnate analyels: e measurs of ducledian dlistance was slso

computad,

Sundrem % zl. (1980) used tus controid mothod of fnctor
englysls in cowper to study the ewlutionary 'pattaz-n. Thyeo
factors vare fltted,

With a aix varieble study, the principsl component znalysis
showod thut most of tho variations in lete-duration of cultuzéa
of rice could be oxplsined by esr-bearing tillers or grain
numbeyr per panicle and 100 grein welght (Malm;jarfi'ig‘i%ﬂ.

Sewsnth ot al. (1982) uwtllilscd phenotypic corrslation
pmong 7 tralts in 90 dasversified strsing of triticale for

faootor ansdyols using the princlpel component method,

Principal component enclysis, c¢lusier snslysis end compnie
cal anelysis were cuarried ot on 22 wvegetative and frult
cheracters to ooteblish the gonetlc distencs betwsen 28
variotdas grown in two environments by Cuariero ¢t sl. (1983).

4 stady wes conducted with the object to dotermine the
relationshlp between ths chsracters by oextracting minimum
manber ¢f factors end to éeRymine the iﬁ@artanca of yleld

components in variosus cyop3 (Supra, 1984).
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Fukcdie ot al. (198L) conducted facloy snelysis with
gonotyple correlations to determime tiw imporionce of varigus

trolts for yield component in fovage sorghum,

Bertusl et £1. (1985) used muitivariats techniques to
clessify 125 soyabear 1ines Info clustoys. Resgults obtzined
from mazimum jikslilocd factor andlysis and pripeipsl component
enalyeis wers fowmd souewhei slidlisye Werd's me thod of

weirarchicel clustering Wode used for grouping the variebies.

Goodmsn (1968) Lead used Mohalenoblis senerslized dlzisncs
for helrarehdcel ¢lustecrlng.

fimumber of inwetlgatlons concerned wilih zssesument of
the genetle dlverslty in ¢ numbsey of diverse food crops hes
been publiched in the past decade aud ¢ haif, A.effort 1s

made kere to & selocted roview of those pust works,

¥orthy and fruncebelem (1965) used statisticel dlstenes
end canondosl enslysis to cssosse the neature of the gemetic

divorsity in the crops Brassles, linseed, wivat, and Hicoltiona.

Porty five genetic stocks of ¢hllld were subjected to

nultivaristd snelysis using ¥ stotistic (8ingh &nd Singh,1976).

Many authiors mGporied thet thers 18 no pereliclisn between
genctie end geograplic divergence (Peter and Hal iu tomaio,

19?6!,‘ Gaug QE &ts in pot&i;a, 19?8)5
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Narasinghend ot pl. (1978) meported that seed sipe, Iwight
end days to meturity werye tho importent forces of diverzence in
peas, by meens of 5° snd eanonieal analygis.,

The gonatic diversity in caster were aseosced by Sing and
Srivagtave in 1978, Dhasker et gl. (1980) epplied gemetic
divergénoe snalysis in ¢gg planb.

Ganetic d:l.vérgonco wes measud Zor e crops trlticnle, |
lantil, pigeon ﬁea, linssed, scccm®, barley smd suniflowox
. respectively by the workers Aheowd ot pi. (1980), Bainiwal end
Jetasars (1960), Asthene ad Pundey (1980), Yedava gt al. (1980)
ingh st gl. (1980) end Rso, g% gl. (1980), |

Genetlc dlvergencs wiong eone brovn plant hopper resistant
rice verletles was snalyedd by Reo et sl. (1950),

Jain ¢t al. (1681) uped the method, wideh is similay to
tho rethod suggestsd by Singh (1981) to identify the characters
" contributing most to tie oversll dlwrgenes in finger millet,

Bhuteni gk al. (1983) studied genetic dlvergence in Bk
gerotypes of tomato. '

Genstic divwergouce snelysls were carxied out in greor-
ceeded poas (Chendai end Joshi, 1983), pearl millet (Bhukla‘ and
ﬁm,, 1983), Wheat (Jutasks and Parods, 1983), cesawem (Tham';a—
vélu end Rejssokhaven, 1983), triticsle (Kemboj snd Heni}, 1983),
chick pee (Adiikerl and Pandy, 1983) end kodo rdllet (Dhagath
end Singh, 1983),
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Ths netw:e end magniitudd of gonstle diwreity in agronomic
end quality characters of b3 scentsd variotles of rics wers

stedled by Retho (196%) nsing Mehalenobis I steitistics

Revindren end fppedursl (198%) subjeetsd 53 imbred pearl
millet lipes to p° snalysis end they were grouped into 19
clustrys.

genstic divergengy: enalysle and cilusbering geinitypes by
Tochers! method wera i 0rted in fodder <owpsa (Jindel end
Gupta, 1585), poa (Lobhal zad Rem, 1985) mud water melon

(Sidun =nd Brer, 1985).

Senghe (1973) hed conducteu genctle diversigy studies in
spronding groundnits, Six characters wora consldersed o sss68s

the gemstic distznes emong 27 varlaties,

Roddy =nd Reddy (1978) weported thet in grounduui, number
of moture pods hud & high coeificient of veriabllity snd ss

woll a5 nmaxzinum genotic advanes,

Reddy and Roddy (1982) computed diseriminsnt funection with
dirferent sets of characters and showed that the on? comprising
yield was nors efilciont in zseessing yileld potenticlities
than indlees wilth oud ylsld in the axop grounduut.

Correlation atudiea with 18 gepoiypes ol grouninut Wwers
carried out by Hsgeblwsheunen 6t gl. (1982), The resubts
ravesled thet yleld was melly associated with 100 keimol f{isht,

nonber of meture pods, slwlling coefficiont and numbey of
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gecondsyy broncles, Principel comporent snalysis were &lso
roported to be carricd oul for ths sema data,

Pushkaren (1983) published results of genetlc improvement
studies in groundnut with a zeymplasm coliection of 93 varieties.

Veriance-coveydoence otudlss and pathepeiflclonts zarrlysls ere

mede to 8 dzta on 23 veriebles.

Cheuken sod Shukle (1985) repozted tust gomotyple veriencs
wes klghsr then envirommsniel verlacs for gll the cheyectars
studied szeept for inter mode lenghl in the spresding verieties

of gwoundoutb.
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MATERIALS AHD METHOIS

Ja1 Molerlels

The data gensraied from & plant breeding trisnl in ground-
mt eondacted by the Dopartment of Plant Brecding, Collsge of
Agricultuze, Vellayenl, daring kbeylf 1581 in uplends end
summay 1982 in riceifellows at thio Hessarch Statlon epnd Instru-
ctionsl Ferm, Mannuthy wers utilised for the present study,

The matoriel comprised of 62 bunch type verletles of groundmt,
" 3ncluded Loth 6z0tic end indegenous ypes. The verietles were
grovn in rendomized block dasigny pepliceted thriee (Pushkaren,
1983). Observations on the following cheracters were considored
in the enelysis, '

1. Pod yield (dry)

2, Iength of top on harwst

3. Number of bassl primary branches
lr.. Totzl mmber of brenches per plaont
5. Totsl number of leavwes &t harvect
6., leaf caes st herve st

7. leaf sres index st harvest

8, Totel number of flowers produced
9, Daration of flowering
10. Kumber of msturs pods per plent
11. Percentage of pod sot
12, Humber of immaturs pods per plant



Table 1, List of groundnut varietles teken for the study,

Code Neme of the Code Nawe of the
Number Veriety Numbe r Veriety
1 EC 21127 32 AH 8253
2 EC 21118 33 AK 811
3 EC 116596 3k EC 21078
4 ICG 3859 35 No.70
5 BEC 21089 36 USA-_%63
6 EC 21216 37 G-270
7 EC 244142 38 Russia 319
8 E@ 119678 39 ™V 12
9 EC 25188 40 Almel No,1
10 EC 24395 L1 T™MY 2
11 EC 21082 42 KG-61-240
12 IC 9811 L3 USA~-123
13 EC 24431 nn TMV 11
1 EC 21095 L5 Pollachl - 2
15 A-674 ) AH L4218
16 B-353 L7 TG 3
17 EC 1132 48 TG 19
18 IC 9808 ko EC 21088
19 EC 21079 50 Kenki-X-10-17
20 EC 35999 51 Spenish peanut
21 E€ 21052 ha Red spanish
22 AH 6915 53 Pollachil-1
23 EC 24450 5L Exotic-1
24 GAUG-1 55 ™MV 7
25 J-11 56 Gengepurl
26 Spanish ilmproved 57 EC 20957
27 8-206 58 No.293
28 IDH~3-50 59 AH 41128
29 Jyothi 60 Co.1
30 ™MV 9 61 Uganda locsl
31 10 297 62 EC 21070
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3.2 He thods

Mossuremonts on p blometricel eharecters I, +.. xﬁfor n!

verieties (gonotypes) wexre donoted by

X3 5 _
1=1 +so D 531 eee N2 k=1 o0, Ty wheye P is the murbeyr of
replicstion. The dsia were subjecied W following statlistiesl

analysts.

3.2.1 Preliminayy stetistlcel snslysise.
Tre modsl to be fitted for the multivariste emelyels of
varience of randomizod block dosign is
Xy = P+ 81y * Py * 85 9 251 oen By
whare f: is tb® gerexel msan, 814 is the gew yple efiect.of
the Jth gerotype, by, 18 the kth block effact and eijk is e
ch oo} cogzpomnt, with pespoct to 3 L8k chayacier and Gi.jk

are normelly distribubed with mesn z8r and constint yarience g,

The least squave estimetes of the constants of the model

3@
A
gy = %45, = %1,
by 2% - X,

The asnalysle of dispersicon is cumnarised snd precanted in
Table 2,

Tha F-valuos for tealing the equality of varietsl meang
of 'p! choracters sre the ratios of the diagonal elements of
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the "between® (B) snd "within" (W) dlspeysion matrices.
Table 2, Malitiverisit® asnelysis of veriance (RBD).

Sowrze of vewdation d.f. Keen sum of pioduct matyix

Blocks Kol

. Garotypes e
Brio? (n=1)(z=1) W
Total nr-1

Wilk®s lembdz eritoprion (Wilks, 1932) is proved to be.
thoe best stetistical method for the aimu‘lt&neoua 38t of
homogenie by of varietal mecms for s1l the charaters considired
togethoy. |

For RBD MANOVA, the lambda statistie, which is the ratdo
of detorminsnts of 'zesiduel? end 'yesiduel + deviation from

hypothesis® ig
) WA

I W+ R
Burtlet (1947) had showed that under nuil hypothesis, the
stetistlc

N -

- m 1og, A
ig approximeiely distyibuted as & chiesquare with p(n-1)

degrees of freedom, wkers = = nr-1+(p+m)/2,

3.2,2 Estimatlon of genetie covariance metrix,
Following the tsroinclogy dus to Remplhorne (1957), tie
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axpected values of the within end between meen sum of product
matrlces shell be written &8
Elwd = Zo = (Fag)
E(R) = Te4vZy - (g + Y Shay)
wheae is the genotypic covarience btetween the tralts !
1 and j. Then an estimote of t1® gemdtypic covariznce m:irdx ia
G = (B - W/x.

3.2.3 Verisbles descarding critsrion.

In oydsr w’duce the numbey of varlsbles, & simple
method of cimppingkvariffﬁ with tis highest loading on the
radundsnt latent vector s used (Kendell et gl., 1983). 4s
Becle et zl. (1565) head pointod out, the question on the number
of vorisbles to bs Includsd 1is doeldsd on the giounds thst axe

partly statisticel, end subjective decisions mey be teken .,

3.2.4. Principel component anslysis. |

The principel component enclysisg, Initdelly descrlbed by
Karl Peseson (1901) end further develored by Hotelling (1933),
consists of finding en orthogonel transformetion of the original
variables to a new sct of uncomwlated varisbles, cslled
princiyal components, which axe derived in decreasing ovder, in
the éense thaty the first princlpal component eccounts
mexinum possible verisnce, tle sceond a¢counts next to tle

flyst snd 8o on.

ot X' = (x5 o xp) be a p-dizensionel rendom vector
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with plen wctor b end covarlance matrlz I

For dayiving the first principel component, I, = P;X,
~ which accounts meximuem verlsice, & constraint P;P.‘l =1 is

requirad.

Meximising Ver(Y,), subject to the condltlon mentiloned
ebove, will rosult in the natrix equatlon
(= - TIdP, = O
[ o~ — ~
where D 15 the Lagranger's multiplier. |

A solution otlsy than & null vector for P, is possibie
only when Lo metrix
- D
(=~ 1)

is singular. -
G \ ‘ = - 1\‘ 1 \ = D
—J )

widech impliss thet M 18 an elgen yoot of 5. znd Pgy tlo
. . —~J -

fon

éormsponding eilgen vecipr.

If 80y Vex(Y,) = /N, end as 1% choudd be meximum, one
should teke. N &8 the largest root.

In o similer way ol asrzuzents, snd with two edditions]
constrsinsts PP, = 1 end P4P, = 0, it cen be proved that the
second principeld oom;"non@nt 1, is PéX? where P, 18 the deigen
vactor corresponding to the second lergsst elgen rcot of O .

Thus in slgebrole temms, priolpel comporents anelysis is
the exbraction of eigen roots sl vectors of the covarianeme

s
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mateizx D, I7 the varisbles cve in dfferent sceles of measures

& correlstlon metyix, instead of T will be sppropriate.

If the last p-q latent roots of T exo found to be negligi-
ble (more correctly, if they are found to be indistinguishsble),
wii;hc;ut mach les of informstlon, ths p-dimensionsl varlabloes
¢an be replaced by the first q principel comronsnts. In such
ceces the firet q principal comporents are ssld to explein

too [ 7+ ""\?1), ('p} —\--"'\‘-'R.)
percent of tobtol variznes (Reo, 1964),

If X 18 moltiverisio noimal, statisticel tests are cvallie
sble to test whether the p-q¢ latent roobs are distinguisheble
(l=wley, 1956), Bub when a correletion matrix obtained fronm
& sample covarizncs mabtrlz is used, the wsting criteria moy
get complicuted (Kendell et al., 1983).

Heny rethods sie avellable o evaluate ths latent ivois
end lstont voctors of & mebylx. The Jecobl's metlod epplicebie
for symueiylce matrices, lnwilves the disgoneldisation of the
mobtrdlx by poerformlig & zequence qf ortlogonel transformetions
on 1t, designed to roducs one off-dlegonsl element to zéxo ab
eeoh stage (Hammsn, 1967), Based on such s FORTRAN IV subroutine
& program in BASIC is developed for evaluating the elgen roots

and vectors of s symmwotrie matrix,

Prineipsl couporent cnalysls were carried out for

environzent and genmotyple corrxelation metyrices,
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The column vectors obtelnsd by multiplying the lstont
vectors with their corresponding latent voots, will glve some
informetion tegayiing the imporitent chavscters of that componsnt.
These new vectors are ceslled 'principal component loedings?
end the pmceduxés is terzed aé factor enalyais through the
prineipal comporent method.

3.2.5 PFactor anelysls,.

Factoy anelysis is & commoli {erm for & number of stabl-
sticel technigues foy the seseluilon of a e&t of obscrved
variebles }{1 ree & 3 in tezms of & fewsy nunber of ‘undsvlylug
causative! 'fezc'i;ors‘ £ e0s I (k p) thet will zccount for
the inter covrslabions of the obsserved variablas, in the
sense that when the Zectors aie partialle& out frum the
observed variebles, there no longer remein eny correlrtion

betweon those wverlsbles,

The bosie rmodel in facior ensiysis is
' X= h+df +o Ry
"uwhere X is & column woctor of observations on p variables, k is
the mear wveetor of X, £ is tlw vector of k common factors, ¢ 1s
the vector of p résidusls end A » (ch) is & 'pxk matrlz of
fectoy loadings (Joraeskog, 1977). Fariiay '

Covie ) =0

() =0
E(gt’) = )
) E@e') = ¥, wrich 1s diegonel wlth

sleminty Eb. »1=1 400 De
ti



Then the veriance-coverlancs meirix 2 of X becomes
To= AdA + P° €2
¢ (p-k)°< pk, this relationsidp cen be tested statistically
unlike ( 1 ), which involves hypotieticel vavietss and carmot
ve verified directly (Jorsskog, 1972).

The sbove coverlance structure may dlrectly boe obtained
from v geraral covarisnce cstiueture model for the mulil-
veriate pormel populatlon (Joxeskog, 1972, 1573).

\ 2 1 P
S = B3(Aadr +vIIR ' + O

by specifying B=1 sn¢ © =0,

Bquations ( ) end ( 2 ) represent & rodsl for o
population of individuels charecterised by ti® pervemeters
oo A e;b end 51"?“. In prectice these perszstors are
unktiown cnd will be estineted from & dete on K individuels
(Joresing, 1977).

In genersl, the sample meen vector X, 18 teken a8 an
estimate of 4. The remeining estimstion problem 18 then to
£1t 2 of the form ( 2 ) to &sn obs2rwed correletion matrix S,

Seversl mothods such as maxinum 1ikelihood method (Iswley

and Maxzwell, 15633 Joreskoz, 1967), Canonlcal factor analysis
{(Reo, 1955), genersliced loust square method (Joreskog snd
Goldverger, 1972), Princlipal feclor snalysis (Bolzinger an&
Harmsn, 19%1), Controid method (Thurstone, 1947), mireys
solution of factor loadlngs (Harmen end Jomes, 1966) ete.,

30
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sre in use for fitting T to S. fmong these mothiods the
principel fector solution i€ seems to be widely utillsed,

When varisbles aré measured in different units, it is
sdvised to standzrdise thﬂ'observationa, then T becomes &

correlation matrix rather than & covarlance matrix,

If k31, Urrve is &x Aindetevudnaancy in { 2 ) arising
from the fanet that & non-singulay transformsailon of 'It
chenges A end in gendrel 4180 56 but leaves Y. unehanged
{Joxeskog, 1577). In principal sxes solubtion, this Indeter-
mipsney is oiiminsted by chooeing ¢ = I and A'A %o be &
diagonsl, Thon ( 2 ) wili teckes the form

= o= AA o+ YT
The disgonel clements of A'A are called cormunslity, by widch
is nmespt the apount of verlence of the charsciters accounted
for by the ' eommon faclors. Thay are denoted by the disgonel
natrlx Dﬁ. Ths metrix | | |
Ze. 3o 9. 3. 1
18 called the residuzl matvis,
Starting from an initledl or gusss vaiues of comrmnallty,

in principzal factor solution, thoy are asuccessively ré-
cetinatéd until the solution conearyes,

Iif Dfl(‘i) iz en indlGlel estlnate of communclifivs, & first
approxinmution to the feetor loadings i3 given by




wheye

2
2py = Z - Te + 32,
then

e

A\ = E Alv:

where B 1s e p X k metrix whose columus are constituted by
the fivet aig 'k* eigen Yoots of Zew s end Al.; is 6k X%
dlagonel matydix, wlth squars root of first k' eigen roots
of Z_y ¢y in the princlpel dlegonal. Fow the dlzgonel
elements of

(B, &%) (ak BL) ’
can be considexed &a en improved eppioximetions of communslity.
With these new velues in the principsel diegouel of > , &
gecond approximation o factor loadings can be found out. This
process will continue until ths two successivwe veluss of the
communellty sgree to a clwosen numbey of siguificant figures,

The convergence of the sum of squezed clements of
sy T Ay A‘c:;)

widch is semo &8 the guantliy . 2

O = trau S\ZQL&)— ALy Ausy ‘&

be
mey &l€o considaféfor the termination of the process.

/

The computsy progrem in BASIC, basdd on the instruction
given. by Serl (1964) end Takeuchl gt ai. (1983) is given in
appéndix.
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As e lower bound of communslity 18 th® squered muilbiple
correlatdon (Gubitmen, 1956), it cen be considezed &8 a firsi
spproximation of communellty wnd ence the communclities &re
the diagonel elements of

- ~\
L P S [o\ |03 2 S

The maximun corvelsatlons in oszch row or column mey be tazken

-}

&8 initiel velues of communslity (Catiell, 1965),

A8 the number of fretors concerned, only "ecerteln ynlas
of thumdb™ 1s $411 evaileble for practinoel pugposes such zs
talcing &s meny factors ia':l.th corr@Sponding elgenvalues greetew
then uniby or numbsr of factors nscessery for ylelding the
contribution yatio moe than 0,95 etc.. Bub it ssems to bo
convenlent to tzke only a fow nunber of faclows, thut e&m;L
eeslly be intorpreteable.

3.2.6 PFactor rotutlo:,

Ths el&ﬁnation of indsterzdnency of the model ( 2 )
loads to an arblitrary st of fucior lesdings, which may then
be subjected to rotatlion or & linser vrensformation to snotheyr
set of factors to faeillitsto & mowe me:ndngful interpystation
(soraskog, 1977).

Lot LAy (E=1 see pe §=1 440 k) bs ke final epproxt-
mations of fzctor loedings. The 'simplicliy' of & factor
is defined &s

vi - \r3ly- 3 ATy |
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the vayiencs of tlw squared factor loadings (Keiser, 1958).

The 'verdimsx' critexion of factoy rotetion involves the
moximlsation of the simpllcity of & Fsector metrix
Z V /
3 J
M A
The modified varimex cyitsrion is meximising

ve F{lr gt () ] ¢

- nf 18 the commmality of the 1th variable,

In this, so called 'normelized verlmex critoricn', the
varimnce of the squared corrslations of e common parts of
the vardables with e feactoy is n;aximising, instead of maxi-
mlsing the sgusred corrciations of the varlabies with & fuctor
&5 in Thurstone's (Thursione, 19#?); Simplé giructure
crliterion' (Kelsey, 1958).

A BA3IG version of the FORERAN IV piogrem providsd by
Cooley end Iobmes (1971) is uscd for “novmalised verimex

I'Otation" .

3.2.7 Dis¢riminent snelysis,
let theve be two multiveidate populstions with probsbility
densi ties :
ENCESEEANE S PRI
£, = ¢ ex=p- "% ) ‘i) y =
wvhere M 1s the meen vector of the populetion % end 3. is the

conmon dispersion metrix,

Suppose thet en individual is dyvewn ot rendom fyom &
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population in which the two groups are mixed up in some ratio
N

X, . Ay vhich is nmknowm, How it requires a parfions of the

p-dim@néional space In to Lwo mutually exclushive regions,

R and Ra with the rule of procedure of assigning an individual

\

to ith group if, fc.lls in R "
The pmbability of misclasslfication & is then

/ogaj'ﬂc\\f=s '?"cl\f (D

is a?feoro.ance w.i.th the logical rcquirement that the frequency
of misclassification is seme for individuals of both the
groups, This probebllity should be the minimum possible.

From ( 3 )

| = o :jR{l,clv = SR;F,_clv

Wweleh (1937) hes shown that the best possible regions
are defined by
R, defined by f,3 bi,
R; defined by f,¢ bf,

where b 1s choosen such that
[ & v = | 4
IR, \ CQ = R, 2 V.

In the present context, R, is defined by

1
LX>,&

whe e
bl |
I, =2.d
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and
d= h- K

Tho quontity o 18 thon the comron value of
j 'P\ O\ v e -S . -G‘L 0\ A"
L » > a LASaA
This can be datermined by consicering only thv distribution
of L'X, whichk 18 Nuniveriate normel (Reo, 1948),

By counsidsring the first integrzl, it moy be shown that

o . =1 L
£ - ] et Vdy N
whe 1o . P,
w - U A
. T o=
ana R,

» = d 37 d
4 daerezsing function of this 'probebillity of misclessie
fleatlon' of  wilch increases with tiie incresse in ceparstion
of two groups muy consdlered &8 & meesurc ol separatlen or
dlstznce between the two groups. Oneé such functlon is ) — o
(Reo , 1948),

From tle relstion (4 ) Dl = o

=N
-
| — o - j c Cl N
T _ ..
which shows thut | -,/ 18 an dncxeasing function of D. The
reaours - of may thus, be convenientiy seplneod by Mahalenobis!

generelisud distence.(labaisncbis, 1936 Ruo, 1948).

Ix obseyved pheénotyple values of tis elerectsys awe often
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the enviroument moailied gemoltypleo vziuves. Hhen the gonotypes
are gyown in &n sppropricte field design, the meen error
digpersion matrix 'W' will provide the common dispevsion matrix
S used in the divergence analysis (Arunachalsm, 1981) .
Faxrther a3 the genotypes aye giown undey unliform environment,
the plenotypde values my teken for gonetic compearisona,

Thns the genotic divergence snalysis 1s meds possibie,

43 the computation of c\‘i- l°\ i timg convuming, when
£ll possible palrs of populstions lsken, tls orlglnzl X verlse
bles are transformed to uxivariate uncoryelated Y varisblss
by the method describec by Keo (1952). Thew _ — 2
4157 = (de) (day = T e
Thus ths distencs matrix showing the gepetic digtences vetwsen
the varietles prepercd.

To find out the pelatlve lopoibauce ol cheracters
affecting genetle ddvergence, tho method suggested by Singh
(1961) is used. PBrysu (1951) hsd proved that the eperficients
of the digeriminont functlon are determined by the determinent
equabtion _

lwh - 1)L =0

which implies that '1' is tlke lutent voctor of W b,

The within dispegsion of the trensformed chavseter is
s idantity matrix end &g such thiz above dsberminant sgustion
will take the fora |



38

" i : , X
wvhere B ig the betwsen dispersion mairlx of Y-verlables,

The gensretod vailables ¢?Y is ¢ulled cexonlesl verictes
(Reo, 194%8)., HNaturelly, the largest clements of the lstent
veetors obbained wilil contyribute most to dispersion. Since
the elements of 'e! rr: correspond to the trensfoirmed verlebles,
& judzement about the maximum contributing character besod on
the elements of 'c! willtfﬁﬂ.aleai;«s-

The new method suggested by Singh (1981) helips to
findout the clemente of '1i' from the elerents of 'e' &o
it = c'(V')'1
vhazre 7V 15 the trienguler metylz uzed for the tremsformation

of X-varisbies to Y.varlables.

in view of the fuclt thut the cliemeuis of f1! sre
affocted by the psyticular valuss of :«;,-:_, thsy cre stendardised
by multipldying esch element of 'i' with the slendayrd devistion

of the corresponding cherscter, &8 susgested by Tatsuoks (1971).

3.2.8 Clustoring of genotsypss,

A numbsr of clusitering nethods &re ussd in the construct-
ion of ciassificatory systems, This involves two process:
first, the deylvetion of dieslmllerity coeificient snd second,
- the trensformetion of the dissimllerdby coefficient into s
clessificatoyy systen: Mehelanoble'gonorsissed distencs

provides & measure of genetic disuimlleriby zwong genotypes,
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For the second siege of the classiflcation piocess, helrays
ol GRL
chiecsl or non-heiverciiesl methods = in uce,

The sverege 1irk method which cperaites on an agglomeva-
tive algoritim is.2 almple procedure of hsircrghlcal
clustering, At ecck stage of this methody & pelyr of existing
groups is smeligemeted: ths pelr chosen for emelgsmetion
leads to ths wlninum :I.ncreasq in tke eveyege distence, 4nd
if two groups Gy end G, amelgemate to form & new group, the
dissimilerity betwoen this gioup znd any othzr group (Indi-
vidual Gk ig

Gz, = (D + (D
(Gordon, 1981). TIhe resulits may be presented in the fownm of
& dan‘drogrem, which 15 o hw-dimonsionel diggrsm 41llustrating
the fushions or poridtions whieh hunve been made at each

guccecsive loyel (Everlit, 19£0).

Sectlonlng & dondrogrsm at eny ievel ylelds a pertiitdon
of the dnta set, but the rosulting groups nmsy not posssecs
internsl lomogenelty, But there is an optizum height, thet
.wili Pproduce groups which have comperable degrses of lomogenw
elty. Empilriesl methods ame often weed to ldentlfy this |
optirum level, One suggestion is to choose the height
corresyonding to some observed clumping of the splitting
levels In the dondrogrem. An alternate rmetiipd 1s tiyled fow
Tizing the hedght of the dendrogram, in whilch the heighi is
chosen es the level of ths sveprsgt cosificlent of verdation

ol chmpracturs,



)@ma‘d
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RESULTO

The dste goroyated from & plent broeding oxperirent in
grouminut conductad in uplends (dete &) and rico fallows
(duts B) were subjegted ctetloticel sualiyses end the msulis
sre prostutsd LEloW, ‘

4,1, FResults of deta &

4.1.,1 Prelivinayy stetictdesl ansiyeis,

The onalycls of dzpersion wes done zud the totel
. diepersion wes split Op duto 'vepllocetion', 'betwsaen', &nd
fwithin' dispersion with the dogrecs ol Jrocdom 24 61 end 102

regpactively.

Tie balween disperslon ond within dispevsion natyicoes”
are provided in sppéndices 1 snd 2, in the form of mrmlai;:!.sn
matriess, siong wiih stendord dsvietion of verdablos,

T F-veluos for testing ihe oqueiity of chayscter-sise
varietal rosns woye given iun Teble 3, 41l the chavacters,
axcopt piund spread on 50tk day wore found tu distinguieh |
the goemotiypced.

Th* vslues obizined for Wilk's luwibds stabisiic wes
A = 1,74658 X 0720
go that, .
- B log N = 3297,78
‘& chi-oquare with d.f, 1830, was significont at oue pﬁmeui
develd,



.Tabie 3, The F-valuss obteined fion the c¢hoyacley-wlse

RBD - Jnove of date A.

41

Veriables F=-vaiucs
1 Dry pod yleld 6.226
2 length of top at hervest 5, 75%
3 Rurber of basal primery brenches 3,023
L Totel number of branches per plant 6,684
5 Totsl number of leaves et harvest 2,073
¢ Iesf wros at harvest 9,125
7?7 Iesf &yes index at herygest 64896
8 Total mumber of flowers produced £.059
9 Duration of flowering 56,900
10 Hucber of mabure pods per plent 5.489
11 percentags of pod 55t 21,268
12 Humbeyr oi immetnie pods per plient 2.715
13 Rabtlo of mature o immeiure pods 24557
1%  Hundwed pod woight (dvy) 808,663
19 Hundyed kewxnel welght 8.352
16 Shslling percentese 238,747
17 Heulm yield 6.4E9
18  Dayc to fifty percentage flowering 3.197
19 IDuretion ol mafuyliy 27.5%92
20 Plent height on 50th day 3.742
21 Plent sprecd op S0th dey 0,890+
22 Number of brenchss on 50th day 5.708
23 lMNumber of lezves on 501h doy 2,665
24  Icef srea on 50th day 3.961
25 Ieaf avea index on 50th day b,196
26 Height of main shoot st harvest 5.080
27 Dpiege psrcentsge of pods 34,91k
28 01l percentzge 2,797
290 Pod yield per plsnt. %,920
30 Rernal yield peér plant 6,963

+ Hon eignificunt:

Hil otlvrs eve signiflcent &t 1% level,
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1

The gharecter-wise varletel mwens are presented in the’

appendixz 3..

b.1.2 EBstinated genotic ¢ovayisnees,

T The eptimetod geneile varlencs of the cheractor 'plent,
sproad on 50th day'(21) wes found nogetive (-1,753), The
ganstle eorrelaticn matvds, excluding tixe eharéai*ﬁr, slong’

with stendeyd devistions of choyactere is given in eppendizsh,

4
Some of thie ostinnied gonetic corrvelation ooafficinnts

woyxe B found excood updty, The goredlc cormelation hatween'é |
¢Is eharacters. total number of branckes st 50th day (22) ancgl

total number of loaves at 50th day (23): and these chamehe;i'g

with "nusbSr of bessl primayy branckes (3}, and total nuabai-

~of br&ueﬁas pe¥ plent (b) showed velues grealer then unlty,:

between numbey of bussl peimery branckes and total puabey of

branches per piant end Jead &xea at barvest wnd lesi ares
index i hayveat (7) wors nsar %o unliy, end boiween iesf |
srae at S50tk dey (2%) and lenf aresm Mndex ai Y0%h day (25)
wes equal to wulty. Further, the characters G (6) and ¢7)
weve found to have high genetic correlation with {(2%) snd '(ég)

1

%.1,3 Feduced dimensions snd disesrddd varisbles.,
The cheracter plznt gpreed at 50th dey (21) was discaréed

first es it wos ngt found not bo distinguish the gemotypes :

and furthey it Ime & nagsblve value for the gorstie variancs

estinater.
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The elgen reots and elgen vactors of tl® within covitw
lation metrlx of the remaining €9 vari&ble.s waie worked out.
Tho lotent mois of Wi matrix wers given in Tabie be., The
lanst five luisnt roobe wexd Iound @ bawe litile contiibution
toverds Lotel verlebility (0.99 pewr cent), Tha latent
veclors coresponding to thase last 5§ laioni roots were

shown in Teble Ub,

The verizbies having luarge coeificients ip the vydundant
vectors ware (1) and (29) in the 29th vecioy,(29) end (30) in
the 28th wvector, (&) snd (7) in the 27th vector, (24) end (29)
in 26th vector emd (2) snd (26) in 25th vector, These varis-
ble peire showed high' values in thoe within correlation metrix.

The variebles (1), (2), {(7) and (25) were docidsd o be
digcerdzd., The variables (29) or (30) may clso be discuirdsd,

but were pol discurdasd as they were ilmporviant ccomonmilc tralis.

| Fartivyr the voricbles percentage pod scit (11) ond vatic

of mature to immatu;sa pods (13) wers also disceyded, Thus
by dlscerding the variab_les,

i. Yleld of pods (1)

2. lengih of top (2)

3. ilsul aree index at hzyrvest (7)

Lk, pPrercontasge of pod set (11)

5. Retio of mabure t immatuzo pods (13)

6. Plent spiewad at 50th doy (21)

7. lesf wzzee index at 50th day (2%).



Tuble bum, Lebeut roots, withdrewing the variable 21, of the

within cormeistion nabrix of cata 4.

S1 Latent Percent contribution
Ho oéts to varlenece
1 6.,9091 23.82
2 4,0682 14,03
3 2,1509 7.h2
h 1.9561 6,75
5 1.8395 6434
6 1. 5587 5037
7 1.4220 4,90
8 1.2148 4,19
9  1.,0843 3o 7%
10 0.9160 3.16
11 - 0,8596 2,96
12 0 « 804 2,77
13 0,7656 2.64%
1% 0.,6980 241
15 0.5039 1.74
16 043979 ‘ 1437
17 0.3599 1.2%
18 0.2921 1.01
19 00,2098 0.93
20  0.2268 0.78
21 0, 1609 , 0.59
22 0.1416 0.k49
23 0,1156 0,10
2k 0.0980 0.3»
25 0,0740 0,26
26 0,0597 0.24
27 0,027% 0,09
28 0,0198 0.07

0.0053 0,02

e
D




Teble kb, The latent vectors cormesponding to the lest’
five latent roots of Table ka.

A

istont vectors

vgonﬁgle 25 26 27 28 29
1 -0k3 0,015  =.001 06216  =.774
2 0,659 «,108  0.013 ~e006  =,037
3 -850 04070 - 10k 011 0,015
4 0.1k 0,007 0,071 0,025 «,007
5 0,108 0,000 0,081 04009 0,018
6 - 066 =162 =701 =06k . =,017
7 «095 0,094  0.0%7 0,081  =,008
8 «e110 061 0,014 -:032 =013
9 0,103 04052 04013 04,035 =4002
10 0,062 0.081 =066 0,006 «,006

11 -e021 04051 =501 =020 =024
12 04025 132  =,035 =059 0,01
13 0,001 «:091 04,012 «4053 0,006
1 0 4Otk 04028 =041 0.016 0,000
15 0,014 =029 - 0,03% =:025 =,025
16 =4007 0.062  «,048 0,053 =,020
17 -,001 -e029 0,007 -,003 -.o1j
18 - 002’+ 0.063 "'00‘03 '0025 0.00?
19 04010 =000 0,007 0.035 =.006
20 -a031 0,033 0,005 0,018 0,01
22 0,018 -0U5 0,031 0,011  «,005
23 04006 o118 -.035 o326 R ,009
Pl -137 =259% 0, 1hb 0,056  0,00h
25 0,106 0,717 =102 =025  =,003
26 =672 06135 =031 0.010 0,035
27 0,037 =315 = 011 0,051 0,05
28 04007 =009 -,002 =00% 05001
29 04021 24013 - o0L0 0,565 0,588
30 =000  =,006 0,078  =.777 0.217
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ithe varigble dirmsnsion was weduesd to 23,

Prineipal component and fzctor analysls were performsd
with this zeduced verisble dimension, '

Bight moxe veriebies were discardzd at the cecond stage.
(For mezsons, sece Chepter 9, Discussion, peuge 105). Thoy
were (3}, (5), (19), (16), (22), (23), (24) end (29). 41l
the muitiverlate enalijysés deseribed in 3.2 wewe carydsd oub
with the remeining 15 verlebles numbered 4%, 6, 8, 9, 10,

12, 14, 17, 18, 19, 20, 26, 27 snd 30,

b,t, Puincipal component enalysis,
Principel corponent snelysls was periormed with enviion-
ment correlation meiriz of order 23. The results ave préstnted

in teblege Table He=-5c.

Tre first thmee eigen roobts ceccunted only for 45,39
per cent towards to totel verience and the firet four rooty
52.’-:’-% jelch cent,

The latent vectors corxssponding to the first % latent
voots are given in Teble 5b. The princlpel compoxent loadings
of these wectors end tiw vsriemx rotated Jocdlngs avre shown
in Table 5c¢.

Robetion of the lordings were found helpful to sasceritein
the contributing characiers, The characters wlich are

dominent in the vectore of Tebie 56, in order of megnitude
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Teble So. latent voots, omlting 7 variablcs, of the within'
correlation matrix of dete A.

51 latent Peroant coutribution . .
Ho 1roots to variance :
1 5,430 23,61
2 3.158 13473
3 1.852 8,05
& 1.624 7400
5 Te343 Gall
6 1.202 5e23
2 1.135 45k
8 0,992 4,31
@ 0,872 3.79
10 0.791 3kl
11 0,756 3.29
12 0.712 3.09
13 0.658 2,66
1% 0,567 2,46
15 0.3k 1.89
16 0,329 1.43
17 0.278 1421
18 0.251 1.09
19 0.22% 100
20 0.145 0403
21 511k 350
22 0.108 , 047

o
L

0,020 0.09




_Teble 5b. _The letent vectors corresponding to the first

four lstent roots of Teble 5a.

Y

Varieble Latent vectors

Code 1 2 3 l
3 0.225 =-,235 -.153 0.282
Y 0.223 -,264 -.175 0,189
5 0.223 -.283 0.150 0.117
6 0,203 =.319 0.140 0,095
8 0.297 0.272 =042 -,163
9 0.271 0,233 -.059 =,163
10 0.322 0.245 0.020 0.011
12 0,211 0.189 -.096 0.117
14 0.04% -.078 0.142 -,117
15 0.056 0.061 0.118 0.L482
16 0.059 03007 0.4506  -.043
17 0.180 0.038 -.120  0.3971
18 0.028 -.025  -.518 -,079
19 0,016 - 147 = 0.0k2
20 0:139 0,069 0.164  -.040
22 0.265 -,316 0.047 -.0h45
23 - 0.236 -.313 0,088 -.209
2 0.241 -.271 0.091 -.268
26 . 0.110 0.109  0.071  0.179
27 -.035 =-.161 -.13% =449
28 -,103 =-,059 0.197 0.107
29 0.339 0.255 -.008 -.058

30 00336 00228 -.019 --1“‘2
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Tabis 5o, Compomsut loadings end wotetsd loadings of ths four

lztent veotors of Tebls 5b,

Varia Component loadings
ble

Hotated lorndings

cods 1 2 3 4 1 2 3 L L
3 0,525 =519 ~,209 94359 0.089 «.645 -,202 04338 0,623
b 04519 =,k69 =4239 04235 0,088 «.672 =,315 0,206 0,601
5 06520 =u503 0,204 0,150 0,051 =739 0.128 0,152 0,588
6 075 =568 0,192 0,121 =013 «4759 0,112 0,102 0,600
E 0,692 O,LB% =,057 =.208 0.871 =035 0,015 0,005 0,760
9 0,631 0416 =080 =,208 0,766 «,049 «,095 =,019 0,621
10 0.751 0,436 0,028 0.015 0,827 «.126 0,071 0,228, 0,757
12 0402 0:328 -.131 0,149 0,54k <01 =,110 0,279 0,389
1 0,09% =130 0.19% =, M9 0,017 =179 0,191 =, 140 0,088
15 0,131 0.109 0,101 0,615 <,000 =.035 0,108 0,648 0.k33 °
16 0,139 0,013 0,553 «055 0.080 =,126 0,553 0,016 9,320
17 0M20 0,067 =.16% O0.h98 0.25% <211 =207 0.551 0,455
18 04065 =~ 0LF « 705 «,102 0,110 =004k =693 «,150 0.9
19 0.038 =261 =, 743 0.05% =072 =158 «.770 =049 0,625
20 0,320 0,123 0,223 «,051 0.315 =-.i2h 0,238 0,087 0,174
22 0.016 «u563 0,065 =4057 04155 -.52b 0,004 =054 0,706
23 0.550 =e557 0119 =e207 04247 =.775 0,080 «,262 0,659
2 0,563 =M83 04125 =.342 D.223 «.722 0,107 =317 0,682
.20 04257 04193 0,056 04228 0,340 =,020 0,093 0,308 0,105
L 27 =063 =280 <,82 «4572 =075 =2132 «u15h «4635 0,450
L 28 =240 =,106 0,268 ©.130 =.303 0,03% 0.240 0.090 0,159
S 29 0.791 0,453 =011 -074 0.832 -,130 0,043 0.148 0,836
30 2,78k 9,405 =020 -.1817 0,686 =.157 0.03% 0,035 0.612
.8uxn of squered fuctor lesdings:  W,L00 4,008 1,866 1,792
 Verience cccounted by feotors: 04191 0,174 0,081 0,078

A « Cormumelity obtelnod,
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&“ﬁgiven below: oL
Veotor I  :- Pod yield per plent (29)
Keynol yieid per plent (30)
Humbsr of flowers produced (8)
Kumber of mature pods por plent (10)
uration of flovering (9)
Vector 11 :~ Humber of brenches pey plant on 50th dsy (22)
llunber of leaves on 50th dsy (23) |
lepf sree at hervest (6)
Number of leaves et harvest (5)
Iumber of brsnches per plent (&)
1eaf sres on 50th day (2k)
fumbeyr of besal primery branches pemplant (3)
Veetor ITI :~ Duration to msturity (19) |
liuzber of deys to 50 percoutage flowering (18)
Yeetor I¥Y ¢= EHundied kermsl yield (15) |
Driege pereonisge of pods (27)
Hsulm yield (17).

The characicy lmmaiure pods pey plsant (12) was &lso
shoved considsrsble losding on fivst exis,

The elgen roots of genetic corveletion nelyix of oxder 23
are gilven in Teble 6. Some of the eigen yoots were negative,

Uence prinelpal component cnazlysls was not performed for this
natrix. ' |

The w8uits of principal component enalysis for the
environrent corselastlon metrix of order 15 awe summardscd




Teble 6, ILutent root, omiiting 7 verliebles, of the geretde
comraelation matidx of data 4.

S1l. Lo, Latent roota

1 6,639
2 L,352
3 2,691
b 2,181
] 1. 564
6 1.337
7 1,162
8 0.888
9 0.616
10 0.532
11 G« 500
12 0.362
13 0.321
[ 0. 104
15 3. 146
16 0.092
17 0,002
18 -,005
19 -.025
20 - Ol
21 | -.081
22 -.139

23 -,258
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Teble 7e. Lslent roots of the enviyonment correlsation
netrix of order 15 of dats A.

81, Latent  Contribution to

Ho. " Rogts Vasleance
1 3.817 25l
2 1.757 11.71
3 1,426 5,51
L 1.287 8.8
5 1.07% 7.1%
6 1,024 6,63
7 s.922 6415
t 0.808 5439
9 0.710 _ 4, 7h
10 0,596 3.98
11 0o Skl 3.63
12 0,401 2,67
13 0.297 1,98
' 0.204 - 1.36
15 0,135 0460

— -



Tebls 7b. The latent vectors coryespouding to the first
four leient 1oots of Table 7a.

Vagge{;la)lo ] Iéatent vegtors L

b 0.157 =392 0,40  Q.055
o 0,111 ~o2h9 0.565 0,011
& 0.43% 0,072 =172  =,113
9 0.400 0.035 -.123 -,006
10 0438 0,076 -.065 -.081
12 0-31  -,023  -,057 0.139
1% 0.002 -.030  0.226 -.4k6
17 0.218 =099 0.235 0,263
18 0.033  =.509 =419 0,113
19 «015 =61 <217 0.209
20 0.183 04197  0.126  0.177
26 0.182  0.116  0.136  0.453
27 100 =195 0.118 =450
28 -, 138 0,168 0,086 0.350

30 0.1}2’-3- "-008 ".0""0 ".262




Tuble 7¢. Comporent Joadings cnd rotuiecd loecdlngs of the
four latent voclors of Table 7b..

Yoyl Component loadings fotated losodings A

bl

2odg 1 2 3 Y 1 2 3 b
Y 0,307 <=e519 0.573 0,063 0,905 =.152 0,609 =.085 0,696
6 0,216 =.330 0.675 0.012 0,019 0,066 0.772 -.102 0,612
8 0.848 0,095 ~.206 -,128 0,883 0,018 0.002 0,080 0,767
9 0.782 0,046 w,10h =,075 0,603 -.030 0.025 0,102 0.657

10 0,855 0,101 =,077 «~,092 0,852 0.079 0.11% 0,105 0,796
12 0.6% =.030 -.068 0.158 04557 =.08% 0,19 0.256 0.408
M 0,005 <040 0,270 =500 0,051 0,214 0,160 ~,506 0.331
17 0,426 =,132 0,281 0.298 0,259 =,026 0.461 0.29% 0,366
18 0,065 =,675 =,500 0,128 0,107 =843 ~.062 -,023 0,726
19 =030 =81 =259 0.237 =073 =.8G3 0,193 <«.000 0,787
20 0.357 0,267 0,150 0,201 0,273 0.255 0,136 0,317 0;259
26 0.355 0.15% 0.162 0513 0,191 D.10% 0,246 0.576 0440
27 «s195 «e258 0ol =4510 =119 =036 0,097 =.559 0,384
28 ~e269 0,249 0.103 06397 <=.351 0,166 .00 0,386 0,303
30 0,828 «,011 <048 «,297 0,858 0,04 0,148 -,126 0,776

Sun of sqQuared fectory loedlngs: 3.585 1,651 1.680 1.412
Verisnes accounted by factors: 0.236 0.110 0,112 0,094

A = Commumality obtsined,
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in tables:Teble 76 ~ 7c.The flrst three eigen xoots sccounted
46,66 per cent of the variebility snd the first four eccounted

for 3.8 yper cent.

The charscters dominmnt in vectors of Table 7¢ zre given
bajow: '
Vactor I 1~ Dumbeyr of flowers producsd (&)
Kernsl yielid pay plant (30)
Hunboy of muturs pods pexr pisnt (10)
Duration of flowering (9)
fumber of lmmnture pods (12)
uration to matudlty (19)

-
1

Vector II
Wumber of deys o 50 perveentzze flowering (16)

o
1

Voctor III :- Tobtsl number of bremches per plent (18)
leef syee ot hayveat (6)

Vector II1

Driage pevcentage of pods (27)
Holght of main shoot at harvect (éf:)
Hmmdred pod weight (1)

The roesults of the principal component snzlyels with the
genotjplc correlatlon matelx of ordoy 15 were providsd in
tables: Teble fa - 8c, Thv first thece voots zeoounted for
57.61 percent of the verlence snd the first four wote
aovounted for 68,72 per ecsnt. The lust eigen ropb of the
genotypie corrcliotion matyix of ordey 15 vas negubive (-.1%3)
wvhich is very smell in mogoituoe, and mey be due to numbplesl
erro®s. Under this assumptlon, principsl component snalysis

3



Table Bz, Latent 20065 of the gemwilic coyrelation matrix

of oxder 15 of d&fa As

ab

Contyibution

El. Latent
Ho. Roots to varlncee
1 3.792 25,28
2 2,824 - 18,83
"3 2.025 13450 -
4 1.666 C11.11 -
5 1.065 7.10
6 0.968 .45
7 0.71% k76
-8 0,567 3.78.
9 04133 2.88 .
40 0.358 2.55.
- 11 0«34k 2,29 -
12 06210 1.50
13 06116 0.77
b 0,051 0.3
15 -e 143 ~«95




Teble 8b. 7The latent vectors corresponding to flrst foum

i1ztent roots of Teble Ez.
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Vuylable Latent vectors

cou2 1 2 3 L

4 0,231 0.463 0,073 =003
6 =074 =027 -,170  0,53%
8 0,167 0,183  =,h3% 0,221
9 0.095  0.072 =484  .,05h
10 0,330  =.366°  -,021  0.171
12 0,227  =.226 Q.45  «,055
1 <256 0.275 0,166 0,035
17 0.156 0 k37 0.235 0,271
18 0,380 0,361 -,015 =~,082
19 0.281  0.291 0,09% 0.038
20 -487  0.04: 0,001 0,188
26 =252 0.207 0,335 0.281
27 0,049  -,167 0.236 0,348
28 -008 0,05  0.221  -,483
30 0.303 ~.253 0,276

0.165
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Tebie 8c. Component Joedipgs snd rolaied loadinge of tho

fouxr letent veators of Tebio Bb.

Varle Componant loadings . Rotated Jordings

Gods 1 2 3 b 1 2 3 )y s
b 0450 0,779 0.103 =.00% 0.1 0,885 +.122 =.095 0.820
6 ~uThG =045 =22 0,692 -.085 -,078 -0 0,750 0,561
€ 0,326 0,308 =.617 04289 04161 04351 =.572 0.431 0.663
G 0.185 0,121 =.688 =.069 0.186 0.065 <-.686 0.133 0,527

10 0,652 =616 =020 0,221 0.86% =056 0,201 0,225 0,841
12 0.543 —0383 0.647 =.070 0,579 0,091 0.678 =126 0,767
i =o 577 0,402 0,23? 0.045 '~.?68 0,052 0,106 =031 0.64Y5
17 0,381 0,735 0.33% 0.349 #.156 0.899 0,203 0.175 0,919
18 0,740 0.607 -.oéa -4 105 'o.2u1 0,892 =,220 -.155 0,927
19 0.9%7 0.5%30 0.134 0.059'0.121» o'.?36 04001 -.043 0,559
20 =947 0.07% 0,001 0.243 0.808 =.486 0.05% 0.265 0.962
26 =91 0.8 0.477 04363 -.685 0,105 0.M4- 0,199 0.721
27 0,096 -.281 0.336 o.hsol 0,167 ;.033 0.512 0.33% 0.403
28 «315 0,09% o.3iu -.62h‘ =086 d.ob1 0,087 =.693 0,497
30 0.589 -.26 0,235 0,39 0,663 0,124 0,531 0.26% 0,711

Sum of s8quarad factor loadingss 3,356 3.3uk 2,074 1.710
Vurilanes accounted by factoyvs: 0.224 0,223 0,138 0.11%:

4 - Commundty obislned,
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wes carried out. Unroboted lomdings vere found not giving any
informetion on the nwitue of sxss. IThe dominent charmeiers
fourki sccopding lo the zotaldd loadings &pe es follovws.
Axis I - 'ﬁumﬁer ol nabure pods per plant (10)
1 Plant Mom S0th day (20)

mpdred pod welght (14)

Holght of main shoot et bexvest (26)

Yemel yield.perlplant (30)

Houin yield (17)

Azipg II _
Days to 50 percentage flowering (18)
Totsl number of brenchaé ey ﬁlant (&)
Duration to meturity (19)

4xis IIT :- Duration of flowering (9)

Humber of meture pods (12)
" Totel nupbar of filowers produced (8)
Azdie I¥ 1= leaf ayes at hayvest (6)
0il peyeentage (26).

%.1,% Fector snelysis,

Principel factor unxlysis wes periormed for the envivonm-
ant correlatlon mairix of ordey 23. Thwee fzclors sndé four
factors vwere tried to exteamcit. TIL vesulis of principel factor
solution when thece fzotors were fitted ave provided in Tebis 9,
The patiern of foactor Joadings wore clieay even without roimtion.
‘The chavecters domipating in the fackors werd shown in en Lyiow

disgrem {({ig. 1),
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Table 9, Principal factor solutlen of the factor loedings,
efipy 21 iterations, of the enviionwent correletion matrix of
- Oﬁ.‘thr 23 Of @m Ac

Yazrls Factor loadings Fotuted ipadings ,
‘ble
codB 1 2 3 1 2 3 & B

3 0.478 =.380 0,181 0,167 =.571 0.229 0,406 0,636
b 0476 =436 0,200 0.133 «.0611 0,262 0,460 0,6%
5 0,480 <471 =,152 0,095 =676 -.092 0.475 0,752
6 0,437 ~.528 ~, 1k 0,027 -,696 -.078 0,401 0,750
8 0.6%7 -450 0,001 0.82) <.050 0.042 0.677 0,816
g 0.60% 0.359 0,06% 0,701 -.070 0,028 0.498 0,719
10 0,751 0,407 «.020 0,843 «.129 «.064% 0,731 0.732
12 0445 0,252 0.100 0,513 «.05 0,077 0.272 D.34%

~ 1 0,080 -,101 -,121 -,003 -,1%0 -,108 0,031 0.122
15 0.110 0.072 -,063 0,127 =-,015 -,069 0,021 0,343
16  0.08% 0,008 -,348 0,08% =,102 .35 0,937 0,317
17 0,37 0.038 0,12% 0,323 -,178 0.123 0,152 0,366
18 0,060 «,039 0,586 0,058 =.,010 0,587 0,348 0,455
19 0,032 ~.24% 0,719 =,079 -,143 0.742 0,578 O,koh
20 0285 0,079 -.15% 0,267 -.123 -.169 0,122 0,230
22 0,595 «.569 =.063 04134 <.815 0,008 0,683 0,694
23 0,520 =540 «,120 0,087 «,752 -,053 0,576 0,775
24 0,527 <452 ~,131 0,145 «.688 «,07% 0,490 0.741
26 0,221 0,130 =.052 0,267 «,03% =063 0,068 0.247
27 =071 «,20% 0,076 =,17% =,112 0.097 0.052 0,423
28 =210 =079 =.153  =,228 0,048 «.146 0,074 0,227
29 0,811 0,447 0,006 0.917 2,129 =,033 0.858 0.96%
30 0,868 0,391 0.,01% 0,868 =,162 =,019 0,761 0,960

Sum of squeresd loadings: L,189 3.530 1.26%
Vaer. asgcounted by factoyss 0.182 0,153 0,055

4 - Conmmnelity in temms of sum of squersd faetor loadings,
B - Initlel ostimetes of communelity (squared multiple coyyelation
poefficients). :



on factars

Data A.

Variable Factor
code Variable loading
8 Total number of flowers
produced . ........... 0.821
] Duration of flowering 0.701
10 Number of mature pods
per plant _........... 0.843
12 Number of immature
pods per plant ....... 0.513
29 Pod yield per plant ..... 0.817
39 Kernel yield per plant 0.868
3 Number of basal
primary branches ..... -.57t
4 Total number of
branches per plant ... -.611
5 Total number of leaves
at harvest ......_..... -_.676
6 Leaf area at harvest -.696
22  Number of branches on
50th day  .......... -.815
23 Number of leaves on
50th day .. ........ -.752
24 Leaf area on 50th day -.688
18 Number of days to fity
percentage flowering. 0.587
19 Duration ei—Hlewering .. 0.742
W»-nmakuﬂdhj
X Obtained by the formula "(squared factor
1. Arrow diagram showing the
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Percentage contributionx*
of the factor to the
communality of variable

99 .56
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loadingl/communality"

importance of characters
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The values of communallty obtainsd for the laab two
iterations sxe sbhown in sppendix Sa, The last two sueckssSive
Solubicns of communslities wers found ir agyeensnt to fourth
decimsl place, HBguared madiiple corvelation coefiiclents weyre
tekan s the imitlsl veluey of coummunslity. The dnliied and
finel vsliues of communslity wexe found to bhave layge

diffemmnces,

Aé the sum of sguesws of elenmonts of vlpen vecihors ofa
e ‘ecorrslaiion metyix are equel to unity, the sum of squared
factor loadings were equal to the corvesponding eilgen veluss
within numeriesl errors. A6 such this quentdby expressed In
torms of total varisnce will be cgual to o varlance expiained -
by tl& fuetor.

shan four fsctors were trled to £it the enviponment
covrclntion matrlx of ordsyr 23, tuentlifive iterstions were

tsken for the convergenct of gcommunellty solutions to 5
dacluel points (fppendix 5&).

The factoy Jonuings obbeined weze found to intewpret
without & rotablon (Teble 10). The finel values of commnallty
were found bigly deviated from the inidlel vaiues of communa-
iity-tle scquzred nultlple correlation coefiicionds, Almost
all varlablies sbowed emall Josdings on fectoxr four, None
of the varlableg got hlgher loadings, In the fourth factowr,

evon after i3 roteticz,



-
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Teble 10. Principal factor solution of tiw faetor losdings,
after 25 iteratilons, of the envirommwent corrolatlon matylx of
order 23 of deta : four fector aase.

Vaxrle Factor loadings Rotated lendlings
igﬁ 1 2 3 b 1 2 3 y A
3 0,498 =,388 0,249 <,355 0,191 -,%% 0,262 -,391 0,587
b 0485 S h30 0,252 =209 0,106 «,61% 0,285 -.242 0,528
5 0,485 o, u50 -,142 ~,213 0.068 -,678 -,099 =,19% 0,511
& 0443 «,516 «,130 =,201 0,005 «,696 <,080 =,170 0.520
8 0.683 0.465 0,027 0,155 0,840 =,003 «.01% «,010 0.707
9 0,601 0,373 0.0%1 0,168 0,725 -,053 0,012 0,025 0,530
10 0,743 0,420 «,028 ~,063 0,815 «,117 -,085 -,218 0,733
12 0.441 0,261 0,102 «.097 0485 «.050 0.059 .20k 0,283
% 0,082 -,101 =-,120 0.051 0,010 =,139 «,100 0,057 0,034
15 0111 0,077 ~.039 «340 0,062 =,02% «,088 «,353 0.13%
16 0,123 0,010 =,351 =,024 0,080 <,103 =,349 0,000 0,13
17 0.377 0049 0,167 «,399 0.263 «,183 0,123 =.428 0,301
18 0,061 =,037 0,587 0.260 0,109 0,006 0,611 0,179 0,417
19 0.03% =.232 ‘0,677 0.105 -.052 -,130 0,709 0,05 0,525
20 0,283 0,084 «,160 0,018 0,267 «o118 «,165 =,013 0.113
22 0,598 «u550 =.00k 0,076 0.166 «,797 0,020 0,075 0,670
23 0,543 =501 =166 0,339 0,163 <.774 =,052 0.353 0.792
2% 0,552 =478 «,179 0,371 0,227 =,709 =,07% 0,372 0,699
26 04219 04135 0,048 <,100 0,228 - «.003 =,07% =,141 0,079
27  «069 «,213 0,061 0,300 «.115 =,109 0,118 0.323 0,14k
28 o200 «.083 =, W7 =068 =.115 0,0%1 «,143 =,009 0,077
29 0,801 0,458 0,002 0,016 0,901 =,115 =,052 «,157 0,852
30 0,785 0.40% 0,033 0,106 0,875 <.tk «,03% <,061 0,791
Sum of squared feetoy loadings: %.130 3,576 1,287 1.13%
Varience aceounitsd by factors: 0.180 0,195 0.056 0.0U

A - Commmelity in toime of sum of

sguared factor losdings,
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The veriables Lmving higmr‘loacmg .'m order of maguitﬁciﬂ
on Facto¥s WeIe :
Factoxr I s~ Pod yield per plaut (29)
' Eernel yield per plant (30)
Potel pumbsr of flowers produced (8)
Numbay of mature pods per pient (10)
Duration of flowaring (9) |
-F&ctor 31 1= Total sumber .of_ b:mxiychas (22)
B Totel number of leaves ot 50th day.(23)
Teéf gvea on S0th dey (2W)
Leaf area &b hurvest (6)
Total numbayr of 1eavestat hayvest ('5)
Total number of brenches pey plant (u4)
Hunbor of basal primery branchss (3)
Factoy III := Deys to 50 peveentags flowering (18)
Duration to maburity (19).

Pegtor enalysls was perfoymed for the environment
correlation metriz of the variable dimension 15. Fifty
iterations were teken for the convergence of communsiity solu-
tione to a four cecimul point agreeuent., The 49th and 50th -
solutions of communelities w25 shown in appen@ 5b,

The squared mltiple corrolations vers taken &g the
initisl veluwes of communelddty. 7They wern foumd quite diffevent
from the final velues of communaility. Even witlout factor i

rotation, th: cherszcters of importence in factors were identified.
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Teble 11. Prineipsl factor solution of the facloy losdings,

aftey S0 iterationsy for the envirvonment coryéleation metrix of

oraey 15 of datm A.

Vaxla Fector loadings Fotated Joadings
e 12 3 123 s B
L 0.288 <463 585 0,131 =,183 =.768 0.6400G0,317
6 04183 ~.224 <49 0,081 =,020 =,528 0.290 0,277
8  0.859 0.091 0,198 0.88% -,089 0,047 0,785 0.792
9 0,748 0,031 0,166 0,763 =.083 0.015 0,589 0,689
10 0,845 0,095 0.0%1 0.84% 0,023 =-,088 0,724 0,078
12 0.521 ~,038 0,007 0.507 =006 =.111 0,273 0,298
% 0,006 0,008 -.128 -012 0,061 -,112 0,016 0,082
17 0,348 -,100 -.192 0,298 =,027 «,280 0,168 0,279
18 0,063 =2576 0,366 0,042 =680 0,078 0.%70 0,412
19 -s033 =800 0,242 “e 100 =4823 =107 0,700 0,431
20 0,288 0.137 -.09% 0.266 0.146 =.083 0,111 0,156
26 0.281 0,058 =.,098 0,268 0.079 =.119 0,092 0,169
27 «e151 =,120 «~,070 =o175 =,070 -,082 0,042 0,234
28 «.215 0.121 -,018 =197 0.129 0.076 0.061 0,162
30 0,798 0.012 0.012 0.785 =.037 =.139 0.637 0.675
sum of cqusred fretor loadingss 3.2668  1,24h 1.051
Varienes secounted by faetors: 0,220 0,083 0.070

A= Commmnality calcudated In torms of the sum of squared fecitowy

B -Initd

louddngs.
Co0X

$1c35k4getes of commnellty (Squared multiple covvelution



The factor losdings axe glven in Tzble 11, The prominent
chevaoters that were found in fsctors:
Fectop I t- EKemwel 32616 per pleat (30)
' Totsl pumbar of flovers préducced (8)
Nunbor of meture podé per piant (10)
Duration of f£loweszing (9)
Pactoyr I3 - Dur'ation to maturity (19)
Humber of day3s o 5D'percantage fiowering (18)
Pector III :- Total numbsy of branches per plent (W)

leai wice st hexvest (6)

Meximum correlistions were teken se the inltisl velues o'-f
communarity for the princlpal factorsuuelysis with the genoty-
pic corrélation maitriz of ordsr 15. Twenitifive itersticns
weie tekon for the convergonce of communalities to fourth
deeimzl point (sppendix 5¢). The feetor lssdings were found
to vary' laygoely, when rotation wes performed, Tha factor
loadings ere provided in Tebie 12. Ihe chayacters that were
dominent in the fzctors wyo:

Faetor I - Hunmber of meture pode per plant (10)
Plent hedght on 50tk dey (20)
Huondred pod weight (%)
Korrel yleld per plsnt (30)

Feetor I :- Iﬂaulm yield (17)
Totel number of branches pey plant (L)
Ieys to S0 percentege flowsring (18)

Factoyr III ¢~ Number of immetuxe pods per plant,

66



67

-~

Tebie 12, Principed fector solutlon of the faclozr loadings,
sltey 25 iterations, for the gevotyplic corielablon matrix:of
ordey 15 of data A,

Vayrl- Factor lozdings Roteted loadinga

22%2 -1 2 3 1 2. - 3 : & B
L 0458 -,763 0,042 -,139 =870 =,133 - 0.793 -0.809"
6 -, 118 0,022 =,0903 =.068 0,109 -,081 ' 0,023 ‘0,262
8 0,277 «.2kk =476 0,097 =.271 '=,529 © 0,363 ‘0,467
9 0,191 =076 =.558 0,119 '=,051 '=,057 - 0,340 0,467

10 0.70% 0,602 0,02% 0,848 -0.05% 0.109 © 0.73% 0.72h
12 0.433 0,356 0641 0,503 ~4130 0,074 - 0,724 ‘0,509
M =51k < h2% 0,196 =661 =.023 ‘0,136 0,483 0,643
17 04395 =749 04343 «.205 =o87% 0,168 - 0.83% 0.808
18 0.715 =388 «.086 0,308 =.731 -.198 0,668 0,807
19 0,00 -0k 0,071 0,112 =,628 -.035 Q.48 0,527
20 =985 <.110 0,06% -,830 0.537 0.09% 0,987 0,807
26 836 =343 0.455 «.591 «,060 0.401 0,514 0,598
27  0.07% 0,190 0.28% 0,153 0.04%2 0,311 - 0,122 0,365
28 =.00% =,067 0.155 =.059 -.076 0.130 0.029 0,262
30 0.522 0,36% 0,242 0,611 <,108 0.281 0.6k 0,724

Sun of squared loadings: 3.072 2,870 1.545
Var. accounted by factors: 0,205 0,191 0.103

Ao Cgmn.&xj:zalitias celeculatsd in terms of tiv sum of squesred factor
doadings.
B - Inltisl Gstimnies of communelliy : largest coryelabvion coefits.
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4,1.6 Discriminent enalysils,

Thae geuetic distences between the populations weys
celeulated based on 15 variabie dimencion and the velues aie
pressnted in sppendlx 6, The leisnt roote of the between
'sum of product metrix of univarlete uncoryelated varlables
(!5varimbles) are given in Tabise 13z, The first two divse-
tions woexe sufiiicient toc reprecent the wiole deia, The firsth
three cemoniesl vectors (of Y-varlsbles) are provided in
Table 13b. Ths first row of the inverse of trmusposed
V-matrix (the teienguler matylx used for the linear trang-
formetion of Xevarisbles to Yeveriebles), the diseriminent
funetion coefficients of X-variables, and the stendsrdised

cocfficlents aye given in Teble 130,

The chevacters, lcaf eréa at havvast (6), bzulm yield
(17), boight of mein shoot ab havwest (26) werse found to have
maxinum contribublon lowards divepgence, The standsrd weights
of théee characiers w68 alseo found high in the sasme o¥isry of
magnlituds, The stendsrd wdight of lesi zrea &b harvest was

found very izyge in maguituus.

5 atseriminsnt function wiith sil thoe variebles, excludipg
the varicble (21), showed thet the charscters leaf azes ab
hervest (6), hundred pod yaight (14), leef aves ab 50k day
(2k4), helght of mein shoot «t haorvest (26), totsl numbey of
flowers produced (8) end length of top at harzvest (2) weye
contributing meximum towsrds divergence, (The ysoulis of this

enalysis wve»@ not nresented)



Teble 13e. Latent roots of between sum of product matrix

of transformed (Y) varlsbles: data A,

S1. Latent Contribution
No. Roots to vearlence

1 904,63 74%.23

2 151.95 12,47

3 53.80 L, b

b 37.65 3.09

5 28,11 2,31

6 13.13 1.08

7 7.78 0.6k

8 6.50 0.53

9 3.87 0.32

10 3.05 0.25
12 2.k2 " 0.20
12 1.8é 0.15
13 1.72 0.14%
1 1.0 0.12

15 0.75 0,06




Tebia 13b,
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letent vecltors correoponding to the flvst three

letent wote of Table 13&.

Verlieble Latent wectors

o 1 . 2 3

4 '0.010 0,013 0.142
6 '-4009 0.0%0 - 13k
8 '-,023  «.050  '0.060
9 04,027 0,909 0.,08%
10 - %5 0.010 -.129
12 9.005 0,126 -.073
W 0.955 =011  -,105
17 0,075 0,039 0,070
18 =002 0.03% 0,038
19 0.15 0,13+  0.529
20 0. 0,051 -s011
26 0.080 0.121  =,061
27 0,04 =036  -.781
28 0,036 - 040 -,017
30 .16 0,025  0.133




Table 13e. Cocofficlonts of diseriminant function.
Cenonicel vector
R R RIS, SR
1.696 L. 0.0168 0.028%
184,534 6 =1.7217 -718.6556
1.925 8 ~.0%39 -, 6587
0.238 9 0.0063 0.,0143
0,647 10 -,0288 -, 1152
0.133 12 00,0007 00,0001
0,103 1 0.0979 0.1:08
4,729 17 0.3586 6. 4586
0.257 18 ~0,0006 -,0011
0.323 19 0.0485 0.0958
o472 20 - 0.0665 0.4071
R 26 0.1185 1.2378
0.152 27 ~,0071 -.0122
-3l 28 -.0123 - 028
0426 30 -+0701 -~ 157

71

V' = The trenspose of the trlanguler nmualyli used for the unlverlstc
uncorrclated treisformution in disoviminant snelysis,



 Table 1, Varietel meens according to the first two .

cenonicel vaxiatas s data A.

Coda Cancnical exis. . Code Cenonical axis
Numbep 1 b lurbhey 1 2
1 76.71 =36,57 32 83,16 «29.66
2 115.47 -32.70 3 98,93 ~22 .40
E 130,66 -20.69 3% 104,82 -3, 82
124,15 -15. 9 35 8 20 23, 33
5 87.99 -12.1 36 SE -38.
6 130.2% -33,88 37 148, -2k, 3=
) 13a f? 26,65 ag 11 .93 334, 82
9 9 .82 -32 21 8 .8 -32
10 88,22 -28.97 %1 104,66 22, 52
11 90,07 ~-28,76 L2 86.#2 -3 el
12 124,51  =38.76 tﬁ 125495 -25,950
13 97.61, - A - 139.5 -31,67
1% 93.93 -25.88 Ly 66,33 =29, 84
15 65,66 -15.52 46 96,80 - a,
16 £3,62 +23,98 L7 110,34 -1%,79
17 108,54 -18-57 L3 90,05 -33,52
18 107.45 -28,60 4o 111.65 «26,13
19 93,09 ~29.70 50 90 +28 -23.89
20 108.83, =13.67 51 ok,71 16,97
21 102,05  =2heh 52 58,98 ~20,0Y%
a2 - 128,93 ~19.18 53 96.5k -24,72
2k 06.13 -33.98 55 106,68 «22,.4%6
25 87,91 =34.8 56 122.02 - £,77
26 100.71 ~27, hh 57 103,76 ~22.81
a7 02,59 231,89 58 103.25 -23,83
28 107.11 =231.9¢ 99 990,29 -21.,61
29 123.63 -32.8 60 90,17 =16, 6k
30 102,88 -19,.84 61 31,91 3% 45
31 95,76 28,20 62

95,56

72
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As the two cenomicsl veriates expleined sbout 66,7 per
cont of totsl verlence, the two cexonicel dlrections vere
quite enough to represent the genotypes. The mean values of
genotypes are prosented in Table 14, for thdse two cenonical
pxes, The genobtypes were ;doted sccowxding to these dirvections
(fig. 2). Cnitigucus points were grouped Into clusiers

intultively,

The dandrogzzn for the weighied eversge link metlod of

heilyawrchical mothod of ciustewring were shown in filg. 3.

L,2 hesuits of deta B

b,2,1 Prelimineyy oiutistical anslysis,
48 in the csse of detz, the btotal dispersion was parti-
tlonod into zeplicatlon, between, enu within dis,ersious.

The between end wlthin dispeysions exe glven inm sppendix 7 & E,

Phe F-voiues for testing the equellty of variety mezus w
were glven in Table 15, All tle F-veiucs weye found signifi-
cent at one percent lewsl, cxeept the veiue corvesponidng to
tke cherecter plent spread on 50th dey (21), which is signi-

fleent only =t 5 per cent level.

The velus of Wilkt's lumbde stabistice :is
A = 8.01106 X 10~20

8o that

- 1 log, A = 12497,6%,
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Teble 15. The- F-veslues obtelned from thd cherectoy-wise
RBD-fnova of datz B.

-~ Variebles F-valuns
1 Dry pod yield . ' 1.81%
2 lengbh of top on hervsst - 2.765
3 HNumber of basel primary brauches %051
L Totel number of brancles pey plant % 741
5 Totel numbey of leaves abt harvest %.865
6 Leaf eves ot hervesst 5482
7 leotf axeo index &b heavest 5,342
8 Totel numbor of flwoGrs pyoducsd - 4,995
g Duration of flowsyring 30.36%
10 Runbex of muture pods per plsnt 2.509
11 poveentage of pod sot 9.231
12 Numbey of immebuve pods per plant 2,972
13 BRetilo of meture to immsture pods 2.301
14 Hundred pod weight (dyy) 2188,152
15 Hundred kernel wolght 226,510
16 8helling porcentzge 48,607
17 TNeulm yield 2,058
18 DInys to {ifty percentage flowering 6.924%
19 Duretion of maturity 13.178
20 Plant keight of S0th doy 2,076
21 plent spread on 50th day 1.4317
22 MNumbsyry of branches on 50th day %.281
23 Number of leawes on 50th dsy 2.86%
24t Ieefl syea on 50th dey 2.748
25 leaf syea index on S0th day 2,756
26 Height of mein slot &t harvest 24,736
27 Drisge percentage of pods %1,263
28 011 percentags 504336
29 Pod yield per plant 1.821
30 Kerneld yleld per plant 24777

*Significant at 5% level., 4All others swe significent at 1% lovsl,
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& chi-gquexe with degrees of frecdom 1630, wiich 1s highly

signivicent., The vsrictel means wore crrenged in eppendlx 9.

h,2.2 Estimeted genptypic coveriances,.
The genotypic coverlencs neitilx is estimaied asnd s
genotyplc correlatlon matrix slong with stendsyd deviations

are pyovidsd in spyendlx 10,

As in tho case oi date ;f, the estimated veluss of geno-
typic corveleiion between cevieln churacters were found
exceeding unity. Ths genotypic correletion of chavecters
numbeyr of besel primcry branches end total nurber of brsnelms
per plent ( 3 & % ), with total number of brancles on 50th
dey (22) snd total number of leaves on 50th dsy (23) wexe
found moré Lhan unity. Furtker the genotypilc correlét:lon b
between the chuyvecters numbey of baszl pyimnry brenchss with
totsl nunber of byanches per plant, numbér ol brenciues on
50tk dey with nunber of leaves on S0th duy, snd totsal uumber
of leaves st huyvest (5) wilk nuiabeyry of ieaves on 50th day
were found nearly oue, und betwsen the churaciters lesf ares
at huyvest with ieef sres inusx &b heyvest (7) and locf swee
on 50tk dey (2%) with leaf eves index on S0th dey (25) equel
to unity. The gemotypic correlation of (6) wd (7) with
(24) and (25) were =lso found neqr to unity., These results'

were in resemblence with the mssulits of dats A,

4,2,3 Roeduced dimensions and dizcarded varicbies,

The elgen rocots of thke within correlealion metitx aye
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shown in Table 16&. The lest four roots were found very smalil
in megnitude end they contribuied only 0,16 pexr cent towsrds
the verience, The eigen vectoys corresponding to the lest
four latent roots &v pz'ovi&d in Table 16b.

The varisble leaf zrse index on 50th day (29) bad got &
large cocfiicient on the last vecior. Thoush the slxth cherce
ctor Jeuni &res at hepvest gob large coolfleient in the 29th
vector, the varisble with the seean& izygest coeificient
leaf eves index ot hervest (7) is discarded. I the 28th
vector, the chayacter pod yleld (1) sbhowed largest coefriclent.
fnmbor of leaves at SO0th day got high value in the 27th vector.
- Henee the cheracters (1), (?), (23), end (26) were discardd,
Farthey the chorsctera percontege of pod set. retio of mature
to immeture pods wnd planit spyead on 50th day woese elso

discardad.

Ihs The caviromnent correlation mateix of the yeducsd
varisble dimsnsion of siz@ 23 wes subjected prineipal compo-
nent enzlysis snd factor snalysis. The veriable diménsion was
iztey reduced to 15 by discarding elght moie vevisbles, Tio
sexpe verieblies thut were Lkept fov 15 verieble diizznsion of
date A were kept in the dimension 195 of dsts B, The variebles
kept In the dimensionality 15 ave (W), (0), (E), (9), (10),
(12), (1), (17), (18), (19), (20), (26), (27), (28), wnd (30).

¥.2.,+ Pprincipel component snzlysis.
Prineipel component snelysls wes pexiormed with 41w envi-

ronment corrélation metrix of ovder 23, eénvirenrent correiotion
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Teble 16z, Bigen roots of the within correletlon matrix of

tie dsts B.
Si. lestent Contyibution
live Roois to verlancs.
1 8.6993 29,00
2 . 3.0636 10.21
3 243364 779
4 2,1654 7.22
g 1.9518 0,51
6 1.7726 5.91
7 1.3184 k.39
8 1.1770 3.92
9 1. 1183 3.73
10 1.0413 3,47
11 0.8606 2,9%
12 0,7482 2.9
13 0.6178 2¢06
1% 0,548 1.68
15 0.3909 1.30
16 0,340k 1,13
17 0.3217 1.07
18 0 2640 Q.98
19 0.2445 0.62
20 0.2038 0.68
21 00,1567 0.66
22 0.1740 0.5%
23 0.15%0 0.53
2 0,124 041
25 0.0717 0.24
20 00,0351 0.12
27 0.0278 0,09
28 0.0122 0.0k
29 0.0046 0.02
30 0.0018 0.01




Teble 16b,

Lautent vectors coyves,onding to the last Tour

roots of Tavie 16z.
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Variablo Lateut vectorse

GO U 27 26 29 30
1 0.0%0 0.277 0,027 -0.015
2 0.052 =013 0,014 -.002
3 0,150 0.021 0,001 -,003
L -, 145 -.032 =002 -.020
5 0.393 0,006 0,062 -.059
6 - 145 0.00% =734 0,041
? 237 =01k 0.673 0,012
Y 0.020 0,019 0.003 - .00k
g 0.031 =011 «+003 -,005
10 ~ 00 - 07k -,012 0,012
11 «.000 0.033 -.001 -.008
12 0.007 0,012 -.021% 0,001
13 -,012 0..012 =012 -.003
1Y 0,002 0.060 0,005 0,003
15 -.012 ~.036 0.903 0,001
16 0,004 0.013 =007 -.001
17 - o Oltls 0,023 -.011 0,002
18 -o,070 -,022 -,010 0,008
19 0,037 =000 «.000 -.002
20 =037 0,004 - 004 ~-+000
21 -.012 «-.012 - 0000 0.000
22 -,032 -0 16 -.010 =013
23 -.0653 0,074 -.011 0.047
2k 0,408 -.012 0.03k 0.689
25 0.307 -.03% -.005 -e719
26 -.013 -.013 0,001 -.00k
27 0.020 -.06k 0,011 -.005
28 =048 -.016 0.007 0,006
29 0.087 -4 58 0.020 0,010
30 -, 8L -s 169 -,026 0,008




natyix of order 1% and genotyple correlatlon metrix of ovder 15.

The 10s5ulis of principel comporent enelysis for the anvi-
ronment covveletion malrlXx of gwrder 23 &i¢ glven in Table 17a
to Teble 17¢. Tle ifirst three sigen roots accomnted for 16,7
per oent of tobtzl verlunce snd tlw fgrst four eigen roots accoun-

ted for 56,15 per cent (Tabie 17a).

The eigen vectors coriesponuing to the first four mots
of the meurix ere gimon in Tsole 17b, snd tha component
loadings in Tasble 17¢. Motated end unrotated lozdings showed
leyge dirfforences in their psitiexn. Ihe importent characters
of factors of Teble 17¢ are given below:
txis I 1= Totel numbsr of byenches per plent (&)

Hunbey of basel primary branclws (3)
Totael number of leaves &t hsrwvest (95)
1eaf azee at harvwest (6)
Totel number of branches at 50th dey (22)
isaf s1ea on 50tk dey (24)
Gpis I  :~ Fod yield per pdent (29)
ernel yield pey pisnt (3)
lotel number of flowers pyoduced (8)
Duretdon of flowering (10)
Humber of meature pods por plent (10)
Axis IIT :~= Helght of nein shoob ab hervest (26)
length of top (2)
Pient height on 50th day (20)



Table 17a. Latent roots, omitilng 7 veiiables, of the
within correlation matyix of data B.

81, Latent  Percent contribution
Ho. roots to vardence
1 6,380 27.7%
2 2,747 . 11.9%
3 2,115 9.19
N - 8.46
5 1,505 6.5%
6 1.279 5,56
7 1.062 b ,62
8 1.033 4,49
g Q.846 3.68
10 0,724 3.15
1" 0,702 3.05
12 Q.548 2,38
13 WM 2,22
1% 0.320 1.13
15 0.26% 1.15
16 . 0,235 1,02
17 0.206 0.90
18 0.188 0.82
19 0,172 0.75
20 0.165 0.72
2 0,155 - 0.67
22 0,06 0,20

23 0,032 0,14




Teble 170, The lotent vectors covygoponding to the filvet

fows letent 1oots of Table 17=,

Verigbie Latent vecloys
Co s 1 2 3 &

2 0.181 =509 =059 -a183

3 0.272 | =,235 0,180 0.218

L ©.283 -, 248 0,108 0,232

;] 0.261 - 28N 0,043 0.089

6 0.285 «6293 0.027 0.0k%9

2 0.288 0.261 0.0k1 -e137

9 0.202 0.317 0,108 = 141
10 0.272 04196 0,130 -0 108
12 0.165  =.023  0.086  -,067
% -.007  -.20% 0,158 0,452
15 0.015 SR TAN 0,148 ~e361
16 0.0268 -.015 -. 102 - 12l
17 0,243 0,045  -,042  -.155
18 =051 =326 0,079 -,35%
19 =4051 -.327 0. 1% =232k
20 0,147 =066 - 007 0,076
22 0.223 - 147 0.10% 0.268
23 04263 ~ 171 -0l7 0.110
26 0,139 =055 =523 =210
27 =07k 0.024 0,023 -.069
28 0,010 0.077 -e0 1k 0,127
9 0.315 0.268 0.105 -, 148




Teble 17c¢.
four letent vedlors of Teble 170,
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Cozponent losdings and iwteied loadings of tw

Vari- Comporent loadings Rotated losdiugs
igég 1 2 3 b 4 2 3 L A%
2 0459 =,00%  =-,740 =.255 0,159 0,155 -.834F =.019 0,831
3 0,688 -.370 0.262 0,30% 0.85% 0,182 0,096 0.001 0,771
b 0.7 =391 0,157 0.324 0,876 0.153 =-.003 0.036 0.792
5 0.711 =447 0,063 0.119 0.809 0,169 =.151 -.120 0.723
6  0.719 =467 -0.040 04068 0,759 0.178 =,190 -,171 0,736
8 0.727 0442 0,060 «~,191 0,185 0,834 =,157 0.10% 0.765
9 0,509 0,499 0.157 =.196 04013 0,750 =-.00% 0,092 0,572
10 0,687 04308 0,195 «.150 0.270 0.743 <025 0.02% 0.627
12 0468 =.036 0,125 «=.00% 0,328 04351 =,047 «,107 0.245
T =018 «u321 0,230 =630 «.047 0.079 0,008 «.7386 0.553
15 0,038 =.226 0.215 ~.50% <0 0.124 0,023 «,580 0,353
16 0.071 -.02% =ik =173 -.029 0.058 -,206 «.10% 0,057
17 04615 0,070 =061 «e217 0,291 0,512 =,281 «,087 0o,L3k
18 =.126 «.517 08115 =493 0,027 «.191 -,047 =.737 0,540
19 =.128 =515 0,209 «.452 0.05 «.162 0,050 =¢701 0.530
20 04372 <104 737 04106 0.250 «038 «.798 0.25 0,704
22 0,563 -.232 0.151 0.37% 0.699 0.131 0,062 0.155 0.53%
2 0,666 ~,269 -,068 0,153 0.670 0.202 -,231 0,028 0,544
26 04352 =087 =.761 «.293 0.061 0,098 «,88% ,045 0,797
27 «.186 0,039 0,033 =097 =.186 «,056 0.059 -.07% 0,047
28 0,025 0,122 -,020 0.177 0.016 0,022 0,036 0.213 0,047
29 0,797 0.422 0,153 =,206 0,253 0,655 «.098 0,058 0.879
30 0.757 0.438 0,172 -.19% 0.223 0,880 -.064 0.069 0.833
SBum of squered factor jeadings: %.27% %,081 2,436 2,121
Verlence accountod by fectors: 0,186 0,177 0.106 0,092

*A ~ Cormunsiity obtained.
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Axis IV :~ FHundred pod waight (4)
Deys to Tifty peveentege flowewlng (48)
Duration to maturity (19)

T edgen moots of the gemotyple correlsbion mabix of
ordey 23 sye shown in Teble 18, Ths metyviz wae found to be
in Incefinite form sad lwnee principsl component analysls wes
not performed for his muirlx,

Ths yesulis of pyincipsd compoueni anzlysis with the
environment correletion matrix of oxder 15 ave presentsd in
tebies: Tabie 192 - 19¢, The first throe elgen rooils
sccounted for £0.51 per cent of totel vasdence and the ilrst
four zccounted for £65.81 por cent., The eig.aﬁ veptors Vco:g:re-
spending to the fivet four moobs zre sbown in Table 19D,

The principel corporsnt loadings end the varyimax yotated
. dondings zre glven in Teblao 19¢.

Ectuted ond unrofeated loedings e:s’i‘:ibhii';tad alirost sems
losding peiiern. Uven without zotation the vecotors can be
interpreted, Thw domluent chsyezcitcys in 61 axes ey es
follows ¢
ixi8 I t= Rermel yleld por plant (30)
Total pumbey of {lowers producsd (8)
funbel of naturd pods per pleut (10)
mretlion of i‘].ot-:;aring (10)

Axig IX r-  Ieys to 50 vewvcontege [lowsring (18)

Duvation to maturity (1i9)



T=ble 18, Bigen wots of genpitypic corrslation mairlx of
order 23 of dsota B.

Ble M. Latent roots
1 6.21%
2 4,077
3 3,136
L 2.,024%
5 12309
6 1324
7 1e121

6 1,033
9 0.951
10 0,641
11 C U85
12 0.399
13 0.318
i 0.201
15 0,107
16 0,092
17 0,040
18 0,007
19 0,00%
20 -.019
21 =063
22 -,086
23 -e 321




Tabie 19a. letent moote of environment corvelation mat?ix
of ordsy 15 of data B.

8l. Letend Contaibution

Hos Roots to varisucs.
1 4,037 26,92
2 1,961 13.07
3 1,577 10.52
Y © 1,24 8430
5 1,132 754
6 04955 6437
Vi 0.905 6.03
g 0.837 4,91
9 04626 by 17

10 0,487 3.25

1" © 0,366 2k

12 0329 2.19

13 0.246 164

% 0.201 1.34

15 0,197 1.31
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Tabie 19b, The eigen vectors corresponding to the first four

eigen voots of Table 19s,

V&:éi_ggle ' 5 ﬁz.%eu vactogs y

b 0.295 -,158 0174 J.161
6 04292  =,266  0.282 0,317
8 0,509  0.060 -,16% «,182
9 0.320 0,136 =290  =,196
10 0,369  ~.052  -.226 ~,119
12 0,284  =,127  -,048 0.332
1k L =012 -,3k2 -, 09% 0,229
17 0.319  +.102 0,018  -,066
18 =119 © =593 ~,065  -,252
19 -.122  ~,585  -,108  -,128
20 0,166 0.048 0,592 -.301
26 017%  =4107  0.515  =.359
29 =089 -, 028 =205 =25
2e 0.017 0,183  0.,041 0,228

30 © DLJH06 04017 «4250  -.159




four latent wctors of Tebic 19b,.
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Tebie 19c. Comporwnts Joadlngs end yotated dosdlngs of tThs

Vawl- Couponent loadlngs wtated loadings
ggég y 2 3 Y 1 2 3 L A%
b 0,593 =.221 0.219 0.5 0,227 0,063 0.077. 0,807 0,712
0,587 =.372 0,304 0,353 0.228 ~.112 0.229 0,76% 0,700
8 0,823 0.L08% <,206 «,203. 0,847 0,108 0,141 0,137 0.767
0 0,6k 0,1k9 =,364% «,218 0,776 0,114 -.028 =,030 0,617
10 0,741 =,072 =,28% «,132 0.785 -,041 0.023 0,183 0.653
12 0489 <. 178 =,060 0,371 0,312 0,00k «,108 0,551 o0,k12
U =,023 =479 =.118 0,247 =,063 -.397 =.220 0.309 0,305
17 0,681 «,42 0;023 =073 0,542 «,057 0,222 0,300 0,436
18 =240 = 831 <082 =281 =,100 «.905 0,028 «,0% 0.83%
19 =285 =820 =135 =,142. «,132 «,863 =,088 0.031 0,770
20 0,333 0,008 0,744 =,335 0,051 0,126 0.866 0.107 0.781
26 0,35 -.1501 0.0U6 «k00 0,121 =,106 0.827 0,114 0,723
27 o179 =039 «,258 «,279 0,053 =,183 =,117 =,357 0,177
28 0,035 0.257 0.052 0.25% =,063 0,326 «.081 0,131 0.13%
30 0.816 0,024 .31 «,177 0,880 0,042 0,038 0,141 0,797
Sum of squered fector loadings: 3,262 1,936 1.653 1,970
Varisnes sceounted by fauctorse 0,217 0.129 0,110 0.131

4 - Cocnunality obbainsd.
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Axis III e Ple;int\ haight on 50th dsy (20)
Felght of 'n;ain shoot at hervest (26)

Axie I‘G; t= Total numbar brenches pey plant (W)
leaf orea at hazvest (6).

The eiger! roots of the genotyplc corselaiion metrlx of
order 15 aye shown ln Tzble 208, Iwo the eigan' roots were .
found negetive (~,005 snd -.06k), ‘These tWwo roobs are negli-
gible in megnibuds, snd thus principuzl component analysis :
was performed with tilo mebrdlx, Tie fivsb thuee i'oat-s waye
found to uccounted for 59.52 per <onb, end the first four ycots
69,1 per cent of the tolcl veeliation, The eigon vectors b

goryegponding -'t.ha first four moots exe givenr in Yable e,

Rotation was found MIpful for isolating the :lmpoaetant
characters of faetsors. Thay are:
¥octor I e~ Heudm yileld (17)
iéaf avwie at haevest (6)
Iniretion to maturity (19)
Totel numbey of branches per pient (L)
lumber of lmmsture pods per plent (12)
Height of main shwot at harvest (26)
Fagtor II  :- Plant beight om 50th day (20)
: Beys to 50 peresniage fiovering (18)
| Hundred pod weight (14) |
Factor III -~ Kernel yield per pismt (30)
D&iage percentage of pods (27),



Table 20&, The charecterlstic roots of the genotyple coyralation
motrix of order 15 of datu B.

si. Letent Contribution
'o. Roots tc verisnes.

1+ %,108 2739
2 2,982 19.88
3 1.838 12,25
ko 1,443 9.62
5 - 1.262 7,80
6 . 0,819 5.6
7 0.729 k86
8 | 0,663 b k2
9 . OJ47h - 3.6
10  0.357 2,38
11 0,263 175
12 0,126  0.8%
13 © 0.10% . 0460
% | -0.,005 -.03

15 . -0.06k% -3




, Toble 20b. latent vectors coxyesponding to the fivet four
charagteristic roote of Ieable 206a.

e

Verieble . Latent vectors

code . 1 2
L 104367 =097 04271 0,139
6 0,358 0,076 <=.053 0.268
8 e,027 0,088 0.3 0,625
g -083  0.27%% 0.151 0,371
10 S 0.231 =375 «.211 0,127
12 . 0.323 0.10B =049 =.166
W 0.0W%  0.4LB 0,048  -,238
17 0,352 0,230 0.120 0.221
/ 18 : 0.276 =331 0.i9? 0.022
19 | - 0.393 0.022 =024 =,143
20 - ~.0N7 0,405 =.397 0.037
. 26 0.259 0.279 =312 «,049
27 | - =.20b =231 =376 0,330
28 . 0,181  =,197 -,024%  «,301

30 : 0,170 =,120 =,617 0,088
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Tebls 20c. Component loadings end rotated loedings of s

jetont vactors of Teble 20b.

Verle
able
coda

Compotent loadings

2

3

%

Roteted loadings

1

2

L
6
&
9

10
12
1
v
18
19
20
26
27
28
30

0,731
04606
-05%
-.086
0,469
0,656
0,099
0.773
04560
0.757
-o095
0.525
~413
04367
0.345

-.168
0.131

0.152

0473
-G48
0.186
0,842
0.397
-e572
0,038

0,700

082

-0398

-o341;
-0207'

0.368
«e072
0.19%
0.20k
-.286
=+067
0.065
0,163
0.267
-4033
-+538
=423
-+ 599
~.032
-.837

0.162

0,322
0.751
0446
04153
-.200
- o274
04266

0.027
- 172

0,04k
'-059

0,40k

'0362
0,106

8un of squered factor loadings:
Varlence sccounted by fectors:

0,668
0;832‘
0,043

0.079

0,282

0.666
0,298
0,870
0.383
0.762
0.101
0.630

“-h79.

0.233
0.278

%.010
0,267

-s517
=e079
=058
0,206

- 1t76
0,077

0,633
0.017

=721
.-.092

0.863

0.913
‘-0009

«y269
0.211

2,640
0.176

0,069
04186

0,762

0.617

'.215<.

‘.2'+1

0,024

0.285

=277

0,143

-,088
0174
=: 501
- 234

14691

0.113.

04725
0.776
0.628
0472
0,745
0.509
0.757
0.893
0.712
0.667
0,790
0,620
0.751
0.383
0.872

& - Communelity obtalned,
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Fector IV - Totel numbey of flowers producsd (8)

Iurshlion of iloweying.

%.2.5 -Factor enelysis,

58 in the cese of Tata Ay throe factors end four factoxe
were Tittedd to the envivonment correlztion metrix of ordsr 23,
Bquered multiple covrelailons were teken &8 the initiel
evtinetes of commnelity. | |

The mesults of prineip;l factor splution for the envliron-
ment corieletion matrix, when thyee factors extreaetod wers
glven in Teble 21, After 22 iterations, the velues of

cormunslitics wvore converzed to four decimal places (epgendix 11a)

Fotetion was found lmlpful in intewpreting ke faclors,
The Impmoxhent sharzctenrs of Tactows wexd sy follows e
Fagtoy I T~ Pnmber of branch®s 381 plant (&)
Fuomber of brnogl prinary Lrancihes (3)
Leaf aves on 50th dsy (&)
Bumber of branches on 50th doy (22)
Factor III - Pod yield per plant (29)
Kemnel yieid poey plent (30)
Humoey of fiowers ploducsc (8)
Bapation of figuexing (9)
Nuebey of mabuge pods per pisnt (10)

Factor I77 .« Iength of top (2)

Height of main shoot &t hervest (26)
Plant Imight on 50th day (20).
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Teble 21, Prineipsl Pactor colution of the factor loadings,
after 22 iteyations, of the cnvivonment corrélation matrlx of

oyaer 23 of dats B.

Vayi-  Facbor lsodings Rotuted Joedings
32%2 1 a 3 1 2 3 A B
2 0459 =,131 =,773 0,145 0.103 =~-.£91 0.826 0,683
3 0,676 -,387 0,337 0.848 0,047 0,030 0.721 0.720
L 0,702 =429 0.250 0.857 0.022 -.066 0.739 0,767
5 0,700 <, 451 0,119 0,819 =002 -,e9a 0,708 0.911
6 0.708 -,4% 0,088 0,81 -,003 =-,224% 0.717 0.%09
8 0,717 0,451 =017 0.323 0.763 =~.177 D.748 0,733
9 079 0,4k5 0,057 0.167 0.634 -,030 31 0,473
1%  0.658 0,320 0.105 0,388 0,626 =,065 0.5%7 0.591
12 o.,k21 -, 01 ©.062 0,358 0,215 -.084 0.151 0.31%
Wt <016 =131 0,050 0,072 =.117 0.030 . 6.020 0,504

15  0.032 -,082 0,058 0,088 -,05 0.030 0.011 0,kbYh
16 0,061 =016 .18 0,017 0.015 -,123 0,016 0,164
17 0,568 0,073 -.,091 0.373 0,362 -,258 0.337 0.456
18 «,111 =.253 0.005 O0.0k5 =,273 -,001 0,077 0.658
190 =111 =249 0,076 0,068 -=,266 0,066 0,080 0,650
20 0.3%0 =.17% -.55% 0.161 0,018 -,658 0,459 0,553
22 0,518 ~.212 0,196 0,584 0,106 «.021 0.352 0.711
2h 0,623 =,235 «,010 0.602 0,13 -.251 OJl3 0,734
26 0,345 -.107 =.755 0.050 0,064 -.832 0.700 0.627
27 ~.163 0048 0,008 ~,i49 -.046 0.069 0.029 0.313
28  0.021 0.058 0.009 =,007 0.05 0,010 0.003 0.145
29  0.812 0,510 0.067 0.402 0.858 -,121 0.91% 0.546
30 0.762 0,498 0,087 0,371 0.831 ~,087 0.836 0,924

Sum of squeared losdiugs: 4,135 3.196 2.23%
Ver. ceoounted by fagbors: 0.193 0.139 0,097

A - Commumeldlty in teyms of sum of squared factor loadings.

B~ Initizgl estimates of communelity (sgueved muliiple correlstlon
coeiileients).
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The results of principal factor solution foy four fzctors
&xo summerized in Table 22, The errow dizgrem showing the rels-

tive importence ofi cleyueters on rectors are 8hown in f£ig. k.

The iost two slutionse of communalities sre sipwn in

eppendix 1ts.

Three factors were oXtraciesd fyom tire environment
correlation netvlx of orvder 15. 8ixity iteretlons weye teken
for the converiences of sclubicns of commuuelities o Tour .
docimal plzces (zprendix 11o). The fecloy lozdings ware
provided in Teble 23, Without factoyr votelion, Important
clisraciors of fzctors, wers cbie to isolato, . Tiey wuvG:

Factoy I

- Rernel yiela per plani (30)
Hiumber of flowers producsd (8)
Humber of mature pods per piant (10)
Turation of flowewing (9)

Factor II  :~ Duretlon to muturity (19)

tays to 50 porvcentags fioweiing (18)

Teetor IIX 1cal srce at hayveut (6)

L1 ]
L

fumbe e of branches per plsat ()
Plent heighi on 30tk day (20)

Reight oy nell skoot &t harvest (20)

The pesulic of fuctor enbiysic with genotypic cory@iation
pmatrlx ere prescuted in Tuble 2k, 48 Iu the csse of asba 4,
largest correlstions were talken es bhe ipdticl veliuwes oi

corzaneiivies, Tio ¢leyacley kerncl yield pez pizit (37)
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Tablo 22, Principal feclor solutlonl of fuclor doadlngs,
after 35 iterstions, of the envirommwnit corvclaiilon mabrix of

ord@y 23 of duta By four faclor cesi.

Verle Fuctor loadlngs Foteted loedings
&blio
codd 1 2 3 y 1 2 3 4 A
2 0,461 <151 «,703 -.145 0,133 0,18 -,643 ~.,033 0,791
3 0.671 =.353 0.3% 0.196 0.840 0,176 0,057 -.018 0,739
b 0,701 «.389 0,266 0,265 0,673 0,155 =-,026 0,045 0,784
5 0,692 <415 0.154 0.055 0.780 0.166 -.15¢ «,129 0.678
6 0,702 =479 0.126 0.007 0.771 0.175 -.166 -.171 0.693
8 0,710 0,140 =,005 «,126 0,200 0,796 «,168 0,105 0,713
G 0477 0,433 0,053 «,095 0,071 0,639 ~.036 0,110 0.427
10 0.656 0,301 0,112 =,%56 0,272 0,695 =,075 -.00% 0.562
12 0.412 «,005 0,095 =.048 0,303 0,250 «,05% «.047 0,181
W -,023 =.16% 0.121 -.363 -,003 0.01+ 0.038 -.432 0.189
15 0,003 =.101 0,096 =.248 0,033 0,047 0.026 «.280 0,082
16 0,063 «.018 =,097 -, 046 0,008 0,030 =-.120 =.027 0.016
17 0.562 0.072 =.055 =113 0.20% 0440 «,235 =,035 0,336
18 =117 <409 0,076 «,654 =,028 =,129 =,0506 =,771 0.615

19 =e183 =o390 0,174 «,027 -.00% -,116 0,044 -,759 0,591
20 0,383 =195 =,642 0,126 0,224 -,029 «,729 0.217 0.629
22 0,537 =4209 04155 0,218 0,607 0,153 =-.045 0,096 0,403
2% 0,641 =249 =,033 0,079 0,596 0,213 =.278 =,002 0,L4E0
26 0,352 =,130 =,700 =,175 0,036 0,097 =.811 -,057 0,672
27  =e159 04031 «,002 =056 -, -,063 0,048 -,04% 0,029
26  0.013 0.076 0,090 0.121 0,007 0.022 0,035 0.137 0,021
29 0,808 0,487 0.091 =,223 0,242 0,935 =-,116 0.025 0,948
30 0.75 0.48% 0.710% =,190 0,222 0,891 -,083 0.049 0,853

Sum of squered feetor icadings: 3.895 3,718 2,184 1,595
Varisnce sccounbed by factorys: 0.169 0.162 0,095 0.069

A-Communelity caleulated In terms ol sum of squered feclor loadinge.



Variable Factor
code Variable loading
8 Total number of flowers
produced: ............ D.796
9 Duration of flowering 0.639
i0 Number of mature pods
per plant . _....__..... 0.695
29 Pod yield per plant ..... 0.935
30 Kernel yield per plant 0.891
3 Number of basal
primary branches ..... 0.843
4 Total number of
branches per plant 0.873
L Total number of leaves
at harvest ........... 0.780
6 Leaf area at harvest .... 0.771
22 Number of branches on
50th day  .......... 0.607
24 Leaf area on 50th day 0.598
2 Length of top ......... -.843
20 Plant height on
50th day  ......... -.7289
26 Height of main shoot
"at harvest ......... ~.811
i8 Number of days to fity
percentage flowering. -.771
19 Duration of—&tewering .. -.789
= mo.hmi’r‘j
* Obtained by the formula "{(sgquared

Fig. &

Percentage contributionX
of the factor to the
communality of variable

74 _50
94.62
84 .49 __lil__
97.87

96 .66 _—
a7 a5, ==V

factor loadingl)/communality"

Arrow diagram showing the
on factars : Data B.

importance of characters



Table 23, Pyinclpsl fazctoyr solution of the fector lomdings,
after G0 iterstions, of the environment correlation metrix of

order 15 of dsts B,

Varis Fector loadings Botated loadings |

2&39 1 2 3 1 2 3 A B
b 0,533 =.167 =,362  0.277 -,0h4 -,60% O,k 0,562
& 0,548 -.320 =425 0.268 -.186 -.691 0583 0,538
8 0,816 0.028 0,218  0.805 0.128 -,222  0,71% 0,668
G 0.600 0,830 0.313 0,667 0,139 «.023 0,465 0.u47

10 0,705 =-.108 04233 04729 =.023 =.176 0,563 0,53
42 O 413 =115 =059 0.330 -0kl =,275 0,187 0.293
MW =,025. =.274% 0,007 0,002 =-.273 =,026 0,076 0,166
17 0.566" =107 o066 054 =011 =u361  0.337 04392
18 =,246 ~.803 0,115  =.085 =.638 0,085 0,718 0,628
19 . =253 =820 0,152 =074 =,861 0,117 0,760 0,627
20 0,282 " 0,0k~ =,84%0 0,006 0.,13% =57 0.275 0O,hk2
26 0,288 =105 =.339 : 0.0?6 -.053 - 450 0,209 0.h435
27 .43 -,019 0,12 -046 -.056 0.189 0,020 0,106
28 ' 0.029 0.139 =008 0,01 0,141 0,002 0,020 0,106
30 0,828 -.031 .0.322  0.87% 0.061 -.151  ©0.791 0,692

Sum of squared loadings: 2.873 1.639 1.670
Var. mccountsd by fectors:  0.192 0.709 0,111

A= Communality celculuted in texms of sun of squired fecltor loadinga

B -Tultisl estimaies of comnunulity(oquerad muitiple corycintion
coerificlent) '
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Teble 24, Prineipal feclor solution of factoy londings,
efter S50 ibeyabions, of the genotyple coryclstion materix of
order 15 of dete B,

Varl= Factoy loedings Rotated Joedings
abie
cods 1 2 3 1 2 3 L7 3!

b 0,699 =147 0.342 0,630 =476 0,069 0,620 0,610
6 0,77% 0,125 =051  0.773 =.059 =.131 0,616 0,746
-,041 0,106 0,091 =.003  0.04%3 0,139 0,021 0.221
9  =.06B 0,352 0,095 0,048 0.28% 0.275  0.138 0,325
10 0.46% =,631 =,25% 0,237 =473 =631 0,677 0,577
12 0.582 0,171 =.038  0.605 0,017 =-,058  0.369 0.483
% 0.079 0.811 0,063 04325 0.590 0.459  0.667 0,577
19 0.768 0,389 0.1%1 0,859 0.085 0.168 0,761 0,746
18 0.537 =.533 0,247 0,352 -.601 -.178  0.63% 0,55
19 0,785 0,040 0,001 0,721 <.148 =,125 0,557 0.569
20 =.003 0.678 <78 0,107 0,827 -.026  0.697 0,535
26 0,492 0,439 =318 0.59% 0,407 ~.132 0,536 0.569
27  «.363 =355 =420  -X68 0,039 -.462  0,43% 0,463
28 0.30% =,251 0,007 0,211 =.277 -.185  0.155 0.356

30 0.377 =225 «.B99 0,260 0.230 =.939 1,002 0,559

]

Sum of gguexdd Josadings: 3,596 2.347 1.991
Var, sccounted by factors: 0,240 0.157 04130

A = Communslity caiculeted in terms of sus of BQuared Fecto® loadings

B~ Inltial estlmeios of communeilty (lavgest correlation coeificlent)
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got a value for the communelity, littie moye than unity (1.001),
which 1s illogieal. |

The factoy 165&1:133 efter 51 lterations .are glven In
Tsble 24, Without fector rotetion characiers of importence
were found to idenitify in ell factors. The cominent chersctsrs
bf fuctors weren
“Peotor I .~ loaf &70s &% harvest (6)

Haulm yield (17)

Duretion to msturity (19)

H’ti‘mbaz' of brznches pér plant (&)

hiugber of :meat_u_re poas (12)

Ieys Lo 50 percentage flowering (18)
Fector 11 :~ Hundrsu pod welght (24)

rlsub telgiab on 50th day (20)

Lumosr of aature pods per plent (10)

Yector III 1- Kerpel yiedid per plent (30).

%.2,6 Idsceiminont cnelysis,

The genetide -:iistmce between the populetlion woIGe CeolGle
leted based on bhe 15 verisbies snd ers presented in appéndiz 12,
The iabent yoots of the beiween sum of product matrix of
trapsfomed vardebies (Y-virlebles) zye given ln Tsble 253.'

Ths first two roots zecountsé for 94.85 per cent of verisnce,
The £lrst three canouicel vectors &ye provided in Tabie 25bh.
The f£irst yow of the inwerse of trensposed V-mstrixz, the

dlgeriminent function coeificients of Xe-varieblss, and the
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gtandayd mights spe given in ZTeble 29%¢.

The chameters iesf zroa at hervest (6), heuwlm yleld (17),
plant helght on S50 day (20) were found coutributing maxinmun
towapds dlvergenca, JThe standardised weights tlese chsyacters
%:e::é also bigher end found to keep the sEmH ordey in megnitude,
But the fouzth impoxtant chereater sceording to esnoniesld
coofficlents 1¢ different fyom thet according to stenderd
‘welght, 2 direrinmlpent funedion with the thirty vevisbles sho-
wed thet the charceters bundred pod woight (%), leaf avem c.m
50%h dey (26), lesf ares &t harvest (6), durstion of fiowering
(&), wnd baoln yisid (17) sre the cherecters coubribuiing

mexinm towaprds GlVerEBEaee,

- The genow;;eé were pltied sccording to thelr mean c':raoﬁi-
cal values (Irble 26) cbtained for the fived two cemonicel

veebors, Thw ¢lustoys were Forzed qulie ..l.tl}.t.{,tu.w (Tig. 5)

With the gometioc dlstences obbeinsd (apponddz 12),
tho genolypes were grouped by moaus of weighbed averaga 11n1£
f'ethed of iﬁimwci.iccl ciusioring, and the dendrogyem was |
drewn (fig. 0). |
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Teble 2%8, Thé olgen roots of betuwven sum of product mabrix

of btransforsed verisblies(Y) of datc B,

Sle Lztent Contvribution
1o . otls o varlance
1 2615.52 - - 91,05
2 - 10849 3,75
3 © o 4H 42 - 1,62
b 37,71 131
5 ohon - 0.8k
6 15,06 0,52 -
7 7.65 0,27
8 566 © 0420
9 3425 0.11
10 2.3 0,08
1 | 1.71 0.06
12 1.66 - 0,06
13 C 1,24 - 0,03
W 0.97 - 0403

15 0.80 0.03




101

Pable 25b, Latent vectors corresponding io the fipst three
Jatent woots of Tsble 25,

Vaggle ; Lat@ng weetors 3

4 - 000 0,047 0.03%
6 ~.002 0.00% 0,067
g 0.009 =06k -,038
9 -.038 | -.028 0,518
10 0.024% 0.092 -.078
12 ~,008 0.07% =006
W ~ a2 0.02% 0.02h
17 0.019 0,020  0.,05%
18 0,198 0.058 0,115
19 0,022 0.0k 0341
20 0.183 -,016 6.025
26 0,049 =030 0.0%0
27 0.005 -.046 - 72
28 0,006 0.936 0. 142

30 -, 1l 0,130 -.076
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Table 25¢, Coefficients of disceriminent function,

First vow Verisble Caponipgal vecior Stenderd
of Inv(V') coue coryesponding to woilghts
originel (x) variabies

1,397 L -.0003 -.000k

327.189 6 0.7966 =400,1233
4,870 8 - 024 0.4168 -
0, bk g -.0169 -.0525
1.099 10 ~.0259 0,0898
0,537 12 -+ 0043 -.0059
=,003 h - 3027 | 0.0023
5,191 17 0.,6197 8.1826
=093 16 ~.018% -.0199
-.203 19 -.004 . ~.0138
1.260 20 -,2306 - 1. 5540
0,940 26 0.0463 0.4733
-.132 a7 ~.0007 - 0009
-, 020 28 ~,0001 -.0001

00695 30 - 1002 ‘-229?
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Teble 26, Varietel means according to the first two
cengnical varlates : date B.

Codo Canonicsel axis Code Cauontcal axlg.

Humber 1 2 Hiumber 1 2
1 - 85,25 - 86,67 32 -112.21 87.06

2 110,38 ° 89,42 33 -118. .40 9k, 10

a -133.20 105.47 3l -120,96  107.58
=126, 98,82 35 -155. %1  107.58

5 -112.77 98.05 36 - l‘\3.7 87031"

? 202,22 @ 87.01 38 -153,.84 85,16

g -\76.19 8?.02 -120. 1 93.10
10 - 8%5.82  91.33 41 -ik,62 95,87
11 -1i2.77 G797 2 7564 92,26
12 «~124,062 105,91 3 -1k3,6 87.27
P =-103,3 100,75 L =-107.51 8g .68
15 - 7158 . 99.17 46 -iB6.01 92,35
16 - 90,91 Gl 00 L2 -131.61 91.53°

) 17 R -162.?0 850!'"'? ]‘l'a -109.11 90.9?
19 ~106,98 5841 50 =113.79 91.53°
23 = 48,35 A £l ~101.48 G1.57
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DIBCUSSIOR

Majority of the dete erising from fus various brencles
of scilencs are multivarizte in nasture znd methods of anzlysing |
such data eonstitli;te an Increasingly lmportant arce of
Statistics, & number of procsaures are avaellable o &analyse
the date iunvloving seversl varieties sssigning equsl status |
to cach and to quentify the results the way the blologlets

n3ed. The cholce ?of en sppropricte mathoc; depends on the type

of thoe probienm and the objectives envissgéd. The inmease
couputetions involzved in these analyscs are tghen ovey by the
computers and this' hes rewlutionised the subject, liesding to

& vest szpension in the number of wnelyses bsing underteken.’

A mejor problen thet often erlses in multiveriate studles
18 tlw choice of a;i:pmpriato variables that are to be included
in the vayizble dimension. It ls & well kunown faeb thet the
simultencous stucﬁf of & number of vaorisbloes in general, is
superlor to severé:l mivarizte enalyses, But tk2 inclusion of
unimportant variat:;::l.es in the dimension will mo doubt lead to -
incorroct interprotations of the data, A rultivariate datn
with 30 oharacters:i on 62 buuch type verieties of 'g;'oundnut
are utllised jor the study, The cuelysié of plot ZOLNG
revealsd hich igﬁii‘icant uiifegences eamong the genotypec fow
ezch chearecier, ax;cluding the cheractey, plsnt spread on 50th
dat, This cherecter si 18 nbb founc?f\é‘étisfying the sacltivity
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zesugptlon of AROVA, ‘uncifar bot: the environwents, when
exemined with Tukey's test of addlvity., The esnslyeis of
deperslon using Wllk's Jembds criterion revealed highly
signifiount diiferences emong tle varlstlcs for the
nggregate of 30 cheracters, Howewer, v@loio caryying outs
interdapendsnt anelyses, the veviebies which wore lincsrly
dél:.endﬁnt, end the ratiorol vuarlebies that hed slrecdy been
ingiuded vere dlscerded. 48 such seven verlablies wexe fivst
ddéscayded including the veylable plant sprend on 5012 day,

leaving 23 verdlables in the dimension.

The gonotypie covrelatlon matyix of ovder 23 is found to

be non-negetive dsiinite, es come of its elgen values are
negetive, Dut & covrelation mstrix should ulweys be
positive~definite, auv 1t stems from the fact that the covariase
nee matyrlx Is alwaye poslilve-dsfinite, Whan the covarlance
petelces wore Gstlmeted by methods otkey than product ﬁxnments,
it mey somstirm lack the nomenegetive delinilic pyoperty (K
(Keadsll ¢t &l., 19€3). Fuvikey they verned egeinst the
abierpts of component and facbor snziysls wlth such matwrices,
In order to oblain & genoiypic correlubion mairix in positive
dorinlte form the veyiebies sre dlscardsd quite intuitively.,
By ellminaiing ths rows eud columns of ths E,enotypic' COIrGle~
tion matrix heving valuss more iient ox 8Gguel to unlty, end
teating for the non-negotive definite foym, ¢ight move

voyrlebles were discerded, resuiting in o matyix of ordsr 15,
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Three factors snd four factors are extracted from the
envivonment corveiation matiix of owdsy 23, The principal
factor solution of the genotyplc corrclation matrix is

compared with the envivonment coryelation mebyrlx of owaer 15.

The yicld and yepyoduclive characters viz., pod yleld
w8y plant, kewnel yield per planl, nunber ol Ilowewrs produccd
end duirebion flowering cre wescribed tiw first factov
extracted fyom the envivoument _cérrelation relrdx of data A
(Teble 9). The second fuoeboy ls malnly sssoclated with vege-
tetive charzcteyrs like number of branclwg on 50th dsy, nunver
of isaves on %th day, leaf s1ee on 501;151 day, number of basel
primayy bresnches, number of branches per plent, number of
lesves zt hervest, end leaf arce &t harvest, The third fzctor
i characterisad by number of deys to 50 percentege flox-rerihg
end duretion to matuyity, which are sssoétated with the
growth of the plsnts, When four factors &re extracted from
ths environcent correlation matrlx of dste A, the fivst thice
factors obowed tle seme patiern of fuctor loadings &8 that of
threo faclor solution, Furthsy, nome oi the cheyecters showed
significant loading on the fourth facbor, Thus 1t can bve

postuleted that, only thuee factors &ve working in uplends,

The first fector in rice Jellovws dominzted for vegetetive
characterys aend the second fector for yield end peproductive
chzyscters.anfl The charzeters related to heighi of the plent

viz., plent helght on S0th dzy, length of top &t hervest, height
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of nain shoot at hayvest ave found domineting in the third
feetor, The factoyr assoclated with growtih chéracters ig
found sbeent in the three fuctor sclution. But the faur
factor sdlution byringforth this lector., TFurtlpr, wien rour
fectors sye itried, the communslity of ithe growth meesuring
variablés-daystto 50 perxcenleoge Tlowewr.ng and durestion to
naburity-incyoased respectively fyom 0.77 to 0,019 wnd 0.0867
to 0.591, Thus it is hysothiceted thet four fuctors sio

working in xice fadiliowu,

The factors are namsd convenlently s 'vegetative', 'vepio-
ductivet!, znd 'growlili! Fuoiors in aeccordance to' the naiure ol
dominent clwracters'in ezch fector. The addltionsl fectox
found in rice fallows is the height factor. This vesult is
in contredlction wiih the results obtained for olher civis,
where the cheracters velsted to the ksight of the plsnt ere
ciustered elong with the vegetative charvacters (Murihy end

Arunzchalsm, !196‘72-: 8ingh, 1973).

The Iimporbant cheyactéry of each factor exve lsolated
witkout factor rotatlon imn data A (uplanils)., while wiith zobailon
in data 3 (idee failows). MaJority of the choyseteys in date B

heve Jarger coumuneliity then that oi duts A.

Diyferent clustors of veriables nire obbtelned from
prineipel factor anslysis of the genotypic coreelation matyrix
of ordsy 15 of dats 4 end date B, Tho clusisrs of variabies
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are not leeding 'tjb valid conclusions regerding the tunderlying!
factors of diverg;ancta. As the clusters of charscters are
dissimilar in upiands andhriae fellows, it mey be concludsd
that the estimatr;d values of genotypic corré@dations sre
subjected to large gvariations in ihsse two onvivommenis.
Howover, this 1s i‘&gainsﬁ the expecatiunslth&t the genotypile
coryzoiation matricea will have slmilewrdty, 8 the Soms gonde

types eve obsevrved under both the environuwents,

A eomperison of factor losdings obteined for geuotyple
corveletion matylx wnd environment correleilon matrix showed
iayge diifez-enceéf. Meny woxkers have regorted gimilay
clusters of variables wlth environment and gerotyple corrslaw
tions (Murihy ot 2i., 19673 Sunderem et gl., 1980). Results
of factor analyai_;a czn be interpréted ag the inpuet of
selection. Acco:fding to Morthy _e_i;,&,l. (1970) y genotyplo corre-
iation matriz will refloet tip impeact of selection while,
the envivonment correletion matrix will not undergg chenges
undsr scleetion, 'Thus the dirferences emong the factor
loadings oen be éttributﬁd to tlv changes in genetic asspelsation

of the clmrac,ter's:. the difjeyences in the factor solutions of
genotyple snd enﬁironment coryeletion matyices observed in
present study. leads to the conciustion that the selection of
of characters haq substential impact on fuctor loadings.
Howevar, the resulls ol factor znelysis with genotypic corro-
letion icave behind certain doubts about its validity, Tho
genotypic effects are fixed and correlation between genotype
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and environrzent ig absent in £he fleld {Renpthoyne, 1957).

But there mey beé genolypé-envivonment intevection, which is
conveniently sﬂauﬁéd absent for the Gstilmation of varisnce
components, A8 the groundnut vavietes sxe of bunchtype, a pa
perticular habitat grouy, ths genotypic efiects peed not follow
exact normelity, end they cen't be considsred &S a random sample
from tie popula“ciﬁln. Sﬂmction and bnaeding &33 found Infliuone
cing the distribut:ion of gepotypic eifects (Murily snd'Aruﬁa—
chelem, 1967). .Comsidsring ail these, the genotypic covarience
estimates mey mot be u piopey estlmele of tle populaition
pevateters, So thﬁt, it msy wot foliow Wishezi's distribution,
Hovever, enviromn&ﬁt efiecis ere rendom end follow normel
distribution. In the case of princissl component &nalysis and
fector analysis, th.e error’(envimnment) dispersion is treated
ae zn estimste of the dispersion of the populstion end it cen
he considered as the appropriste cstimate of the covariaﬁee

nmatrix for structural studies,

Though, the feotor analysis 18 e powerful tool for
exploratory analy:éis, it suffers many dravbacks velated with
distributicn, nuabsyr of factors, method of estimetion cte..
once the distributlonal problems sre answoréd, tlhe next
quastion is on tha fixstion of the number of fmetors nesdsd
to achiecve & coprtein degree of oxplanation of tl® biological
nature of the date. lNo deflnile answey exists for this, the

dseision is quite srbityrsry, and & compromise must be estebiished,
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Such an erbitreriness preveilse when one encounters with ths
guostion of the megnitude of fsclor loadinge that imply biolo-
gical signi'ficéncef. Idesily, the major verisbles in & fz.ctor
would elmw! high loedings (0.80 to 0,99) end il other varisbliss
~ dow veluas (0 to 0,20) 3 Denis and Adsms (1978), But in the
prosent study, 80&;9 of the varisbiss have loadings between the
range 0.50 to 0.7§;. Such loasdings mey cido be consldered &g -
signiflcant, if tlﬁs—e’v&ﬁabiﬁ hove neg.‘:.igib&é*é loadings in otlny
fuctors. ‘ |

e .

It 1s, common prectice to describe tl® results of tactor
ahalyéis -along with percent i:otal va-rie.t:i.cl_;n 6ipiuined by eudh
factor. The earid':er workeys in this I:I.el_d rayo::'ted thet they
bad obtelned f@w ‘flzmtors capsble of explaining move then 90
por cint of the toted verdebility, Often thoso kind of figures
were in use for ix;te:.‘pmtins the resuits. Murtiy end Arvunachelenm
(1967b) reported 100 percent, 92 pevenet snd 70 percent Gxplen=-
etion of varience in & factor énelysis (enetrolid rmethod) study
with envizonzent and genotyple co:crélatiens in sorghum,
8imiler vesults weve yeported by Murthy &b £l (1970) end
Sundoven et ad. (‘i'QEO). This howevey, seoms bo b6 unreslictic
hecuuse, the sum of final veluss of coonunelily sipressed
in term8 of initiael valuss wao taken &s the percontspe verience
explsinad by tin cgbzm::on factoxs iu tiwse studies, Tha pa'oéyo;-‘.‘tion
of varlence expluimed by he factors 18 ths srsm Sum of f£inal
vaiues ol comaunseliiy in teams of totul warience, This ia
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equal to tue rati&f; of the sum of eigen roots corzesponding to
the factors obtained in the finel ilteveilon to the totel
vayrienge, Rec'entiy, Sewent @t gi., (19684%) weported that, two
factors icmntifie;:t for the crop twiticale accounted for L6
peyr cent of the totel variebility, Kukedla et pl. (198%) .
yoported that two' factors idemtiriad for sorghum sceounted
account-ad-for 59 pey cent of verlability. The three factors
identified for soyebeen found to be sccounted for 1.8 per cent
of varlance (Rarbusl et gl., 1965). In tk prozent study on
groundnut, similar results vere obtained. The three factors
identified in uplends 39 per cent of the totel veriaticn
(Teble 9). The four factors of rice fallows expleins 49,5
pey cont of tiw totel variatlon (Teble 22),

40 im;:ort&nt" feature of factor ansiysis obssrved in this
study 1s bhst tle owder of importence of factbrs is influsnced
by the numbszp andlnatum of ibd variables cousldeyed, Yoy
instenco, the Wgétativa féctor is tio most dmportont ons
in 23 varleble ~case ol data B, but 1t bocomes tilpd in renk
with the 15 variable-case, wl2ye sons of the vegotsbtlve
charsoters are not included, Thus the ranking of tiw f=ctors
mecording io the percentage contribution of the totel varsiness
may sometimes lead to wrong mterpx;etation egpeeclally, in
biological situxtions, whore the exsct neture of the varisbles
wiil often be not'cifar. Thus it is safe to comsideyr il

foctors equally important, unless the erperimenter has tip



ebiilty to tele subjective ceclsicns on the importence of

factoys.

The covarimncee structure revezled through factoy aualysis
havge‘ much practical vtility. The number and nsture of
eausative factors iInflueneing tke diversity of & populailon
particuisrly, on vhich more intensive work ezn be concentzated
nay e a fisld of greatoer Inteysst, Fsclor snslysis provides
2o information than cowvielsted verlebles with & fouw- nunbsy
of Tactors. OSuch iunformeticn sbout tihs dependent shructure
of difiement characters is vory useful in plant breeding, 4As
Murthy et si. (1970) poluted oub, factor analysis pivcoduies
are moye useiul then coryelalion search methods in blologicsl
evolubion, sluce tie experimenier 1s unlikely to have & prigel
knowledge of causatlve influences, This msthod will hslp to
provide & mesningiul explenation of the nzjor forces responsible

for inter- znd lntra-speclific dlffersntiazilon in plsnis,

The usefulnessg of facior snelyels in cilustering tho
correlsted charncters 18 well known. If tixtsic:lmracters havo
positive genotyviec éorrelation, then oné cen oxpsct & simuli-
taneovs impgovenent in &1l ithese cheracters by improving any
one of the character in this clusters, In tle present study
the chuyacters grouped into factors are found to have positiwe

genotyple corrclatilon oxcept for Ghe reproductive factor.

The characters in a given fecbor wiih which ldgh factor
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'Joadinss &nd low Jcommunality is amzneble .to chenge wary casily
due to selGciion E8 compared to ons with high fector locding
' ond high comauneldty (Ssventh gb &l., 1982), The percentege
conbrdbution of a factor to the Commnelity of tl# variables
may plp to identify such variabies In a factoy., Tbe logic is
| thet ;L:lxa vaz":lablG:j with high loading in one fsctor end low -
communs1ity will have meximun contiibution fxom thet frotor
‘towards 1is commn;imliﬁy. The cheveciers wiloh ars more
| ‘amen'able to eﬁang,?a dus to sclection in uplands exe total
numbey of Ilowers phrock':ced in reproductive fsctor, lsef aree
&t harvest 'in wgetative facfor, znd numﬁer of days to
50 percentgge floieering in growth i‘actor. Th2 cheracters
identified for rice fallows are number of brenches per plant
in wvegetative factoi', duration of flowering in reproductive
factor, beight of mein sboot 2t har¥est in helghi Iactor and

duration to mmturlty 4in growth factor.

-

In many czces the compoxdnt loedings or componsnt corye-
iations aye inter'preted a3 factor Joadings. Often, this kind
of component annlysis is termed as faclor enelysils thyough
prineipal compomedt method ( Tikke &nd Asave, 1978; Sawenth
2% al., 1982 Kukaaie et gl.; 1984), The major uxes of varia-
tion existing in the date mey be intsrpreted sstisfactorily by
looking at tives loadings. Component losdings sfter & varlmex
rotablon yirlded the sawe patitern of results as thet with

" prineipal fsctorx Ianﬁlyszls in ell tho cuses considered in thie
study., But the communality obtained through princippl
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component enalysis is found to be diirerent Irom that'through
principel factoyx Ipnalysis. Bavtuel et pl. (1585) reported
similay raéultg, :‘wi‘;gara the maximum likelihood solution of
factor anelysis éas compared with ths results of principsl

comporents, -

" Though faetcér snalysis and principal comsonent anelysis
e_ra ‘of with somo-whai similer objectives, they are substane
tially different. The Jatter doesnot rély onm any ctatistlcel
rodel and essumptilons implied in fector analysis pariliculavly
to the covarlencs gtruetuze. Fuctor analysis helps o -
s8certain whotiBr Lhe modl sab up for the oystom flts tle
data or not, m.;.i.e principal compouont analysis examines
system to &ve wial sort of structure it may huve (Kenﬁall
et iy 1963). in preciicss seuse, pyiuelpal componvnt &palysis
adus ol explaiuiﬁg Lo varian@e of the individuel measuzemants,
on the othox n&nd, fecltoxr enalysis expieins tle inter-correla-
tlons smong tig messuremants. IThe msjor utllity of principsl
cozﬁpon&nt enslysis is 1ts utility to have a parsemoneous
summerisation of: the deta. .Rgﬁgats s‘méften found in litersiure
which points o-utj that the results obiailned form factor =nalysis
t\lwough the mth:c?d of prineipal components, and through any
other methods sre 4n sgreement, This czn be axpected only
whon communalities are nearly equal for all tI¢ varisbles
(Rro, 1955). Buj; even with leyge differances amdng COREBUNS =

lities, similar putiern of results are obseyved in this study.
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This supports the remark by Chatfleld snd Coliines (1980) that
no generel rule cen be given for & yeasonakie wgyzement of

the vasuliis with the two pyocedures, Purinclpsl factor spelysis
carrics with it the flevor of principal component enslysis i
intended to explain the variation in the stendevdised scores
and a3 such not so powerful in explaining the correlatlcons
swong characters compared to cenaonlesl facbdy analysis

(Raoy 1955),

Ty genetic distance emong the genotyped with respect to
the 195 cheracters wye pob round in sgreement under both
enviyonments, This mey ue éxplained on the ground that ceytain
genotypespeviormed better in omé envivonment than the other,

In stetdisticul temms, tl}era msy exlet certein ygemoitype-envivon-
ment interaction. IThis togatisr with the g:mpling verietion
of the otatistic cause is the cause of varlabions in gonstic
distence, Becesuse of such a dissimllerity in genetie distence,
the clusters formed for the two environmants zz2¢ not found in

!
agreenent,

The vsriables contributing maximum towards goenetic diver-
gence exe observed to be the sume in both envivonments in tie
15 varlebic-study, Tbhey =zye leef svem st hervest, haulm yield,
znd plent helght on 50th day, But this order of improtence gets
disturbed when &1l the vayisbles oré considsrud, For. instenc:,
ths cherecter hundred pod welght gets pyior importence wlen sll

characters are ¢onsidered, while it has only iitlle importance
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with the 19 varlebls - study. This calls for the need for an
appropriate varlabie selectlon procedure in discriminent
znalysis, The stepwise discriminant analysis mey yleld better

resulis (Stepwlse dlscriminant snalysis; Jermr:ich, 1977) .

In discyiminent analysis, prior lmpozbance is given to
those cheracters f'which &re most eficctive in differventiabing
the genotypes, in the sense that these chesracters mexzimilse
the between veriation, melkiny the within veriztion minimum.

The inter-relstilonships of the icharsciers aze not consideved
in this snalysis, which limits i%s usefulness in plant breeding
programmes, where the observed characters are some convenient
measurable componenis of yleld potentlalilty end other such

economic traits,

Th¥ positlons of verieties obtained from the cenonical
enalysils dlagrem almost agreo to the neammess of varieties
exhibhited by tle dendrogram. The contlguous varieties
are grouped into clusiers.quite intuitively, However, oo
ettenpt was made to optimise the number of clusiers through
dendrogram. The clusters obtelmed by the sSudden clumping
of spliting 1ev<‘=]|.s gnd the one obtazined by ewdrage coeiriicient

of varlations sye slmost similew,
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SUMHARY

The utility of multiveriate analyai'a in measuring the
degrae of dive;'genae detween biologloal populastion and In
apsecsing the ﬁl&tig@ contilbution of verious characiers
towardsl total "divergence hes boen observed by several
workevs, 4 kmowlegs of he zeluticnehlp bolween yleld and its
cozporent ehsi?actara will 16 of much use in plent broeding
progrenmes, In. ¥ecent yeers plent breeders heve reelizsd
thet selection depending upon the jé#ld slone weed ot LG
the zost efiiclent meens to produes lines wiih improved
pozfoimance, So. identifdcestion of chzrscters towards genstie
dii‘ferenw.atioh is of utrpst concern i & plent breedsr,

. Discriminent enalysis, prineipal component anslysis snd

factor analysis sre multivarlate methods whieli opencd new
vistas in tho r;'ﬁ.eld "bf applled yesenrch, especiclly in blolo-
gleal snd soclel scieness, Disceriminsnt enelysis is o method
to obtain information on %#lp diversity in s population, princil-
pal comporent ‘snalysis is usSigued to sccount for the total
varisticn optimeily with the Jeust number of peincipsl compo-
noents, woile factor enalysle 1s used to explain the intér-.
relctionships rong the variebles optimally in terms of o few
common i‘aotora_;x &8 pos8lble,

Though, the cbove muitiverietc techniques huve specified
objectives, thelr sppropulete use in the flelid of gpplied
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rosegrch turns difiicult for seversl ¥ossons, aud hence the
comparison of the methods will be of interest. These nethods
ware tried with z date gensreted fyom & plant breeding trizd
on 62 bunch type verieties of groundnud conducted in two

anvironzents vis., uplends snd rice fellows,

melysic of dispersion using Wilk's lzmbda ci‘iterion
reveeled significent differonces auong the veriletics for tie
ageyegate of 30 cherzeters under study. £11 these characters,
except plent spread on 50th dey, showed significept veriefal
differonces, This charectey 18 not found to sntisfy the
sdditivity essumpbion of AIIOVA. However, tlnse ysriables
wihdch nre lipssyly dependent with the otker vurisbles, &nd the
vatio of variebles thet hale slycady been considered wexe
glucardsd from the verleble dlmension, leaving 23 vasisbles,
In ovdey to obtain & gehotypic coryelation matrix with non-

negative cefinite rfoyn, elght more variaoles ware discurdsd.

Prirzcipai fagtor snzlysis wes perforned to resolve the
varicbles into & lesser number of faciors. The gnalysis
revenled thet three factors nre melinly responsibic for the
genetye differentistion in uplends, These frsetors were named
g vagetative, reproductive and growth factors in sccordancé
to the nature of the dominant cherscteys dn cach factor. Tie
seme factors were found working in rice falipws, In addiibion
to these, snother factor relsted to the keight of the pient
was also found working thexe, The characiers x-.-*hiéh a¥C moe

em@nsble to chenge due to selectlon wére found out for each
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feetor under the two oenvivonmeunts. 1lesf erez at harvest,
totsl numbsy of flowers productd snd number of deys i 50
percentage flowering are e chsracters which come undex
vegotative, reproductive end growth factors in uplends respoct-
ively. The charecters obitained for rice feliows were munbey
of brenches per plent, durstion of flowering and duration to
naturity. The character identificd for selection in the
haight fector in rice fallows was height of mein shoot &b
hervest, Pod yleld per plant was aleo found contributing

to the reproductive factor in both the envvironments. The
order of importznce of fuctors weirs found varying accoyrding to

the numbeyr and pstuxe of verlables cousidered for the snmlysis,

The results obteined wiwn principal comooueut snalysis
exployed fo estimale Izctor lozuings were obscsrved to be
zlrost of the sz pc-.tte:;:'n with that of principsl factor
analysis, This revesals that insgpite of siorteomlngs of each
rethod, concluslons obtained from their cpplication were
velid in the context of this study. HDowever, & generslizsation
is heydly possible in this regurd,

The fuctor losdings obtzined with genotyplce snd environ-
.mant correlations were nmerkedly different, This is due to
the fact that selectlon had slready boen operated in the |
populatlon. Factor snelysis with genotypic corrvelstlon mautrix
gave different loading pattern for vayieblies under the two
environments, while with environment correlation matyix the sams

characters were cludisred into factors. So, the envivonment
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corrcletion net+lx is found Lo be the gppyopiicie estimate of

correletion mstrix for interdependsnt enelybicanl studles,

" A comperieon of the results of fictor anslsysis and
disoyiminent analysis shown the reliebllity of facior
enalysis over discriminent snalysis in icoleting the characters
towzrds genetic diiforentiation.

Genelle distance ewong tis verletdes bascd on 15 cheracters
wore compuited using Mchalanobls e end the variceties were
eryvonged asccovding to the magnitude of diwergence, The
varictlies vere plolted agalnst tie two casnonical sxis and e
contigucus pointo wore grouped together intultively. A
heirerchicesl clussiiicotlon with welghied cveruge iink method
wes tried and dendrogrems were drawn. Good similarity was
ohserv.ed Yor clusters of genotypes by these two methods., To
gene.tic distence among vaxlatles weye dlilfsrent in the two
environrents. This nmay be due to the prescned of genotype-

environaent inteyection,
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APPENDIX - BETWEEN CORRELATION MATRIX : DATA A
1 2 2 4 5 6 7 8 5 10 11 12 13 14 15 16 17

1 -.1562 0.031 -.030°0.043 0.10% G.109 0.062 —-.,006 0.748 ©.622 0.444 ¢.220 -.22% 0,102 0.120 0,152
2 ~.1683 -.065 ~-.072 0.067 0.183 0,182 ~.244 - 332 -, 257 -.000 0.100 ~.295 0.327 0.044 -.2481 0_.272
3 0.031 -.06S5 0.801 0.625 —~.003 ¢.607 0.19¢ - . D32 - 12 -, 159 -~ . Q30 -.118 0.077 0.3247 0.137 0.646
4 -.030 -.078 0.901% 0.592 - . 024 -.018 0.357 0.05% - 5 -.211 Q. 01z -,191 0.100 0.298 0.100 Q.7Z2S5
5 0.041 0.067 0.625 0.592 0.4282 0.44% 0.222 0.045 - .140 -, 178 - .18d8 O0.087 0.121 0. 231 0.06402 0.547
& 0.103 0.18% -.008 -.024 © 28 ¢.995 0.223 -.055 0 -.032 -.174 0.276 -.021 -.010 -.013 0.0Q70
7 0.109 0.182 0.007 ~.018 0.441 0,965 0.224 -.042 0 12 -, 032 - 176 0,285 ~,02% —-,013 —-.033 ©0.08&2
g 0.062 -.244 90.199 0.3537 0.222 0.22% 0.238 0.472 0.172 -.,408 - . 078 Q.202 -.2 -.124 -.0355 0.237
9 -.006 ~-.332 -.033 0.058 0.045 -~ .055 ~-.042 Q. 472 0.047 - .244 -.237 £.179 -.8027 -.068 0.054 ~.029
10 0.748 -.257 -~-.112 -.156 -.140Q 0.102 Q.112 0.172 0.047 0.714 0,433 0,474 -~ 580 -.329 0.200 -.04%2
11 0.622 ~.009 -~ 159 - .311 -.,17v83 - 032 -.0%2 -.409 - 344 0.714 0.42 0.253% -.83% -.175 0.187 - 145
12 0.444 0.100 -.020¢ 0.013 ~.196 -.174 - 175 -.075 ~.2327 0,433 0.43¢2 -.482 -.1%3 ~-.174 0 08 0.134
13 0.220 -.2985 -.118 ~.191 0.087 0.274 0.235 0,202 0,179 0.474 0.252 -.482 -.212 ~.07® 0.108 -.14%§
14 -.22% 0.327 0.077 0.100 0.121 -.031 -.0290 ~.248 ~.027 - 580 -.333 -.103 ~-.312 T 0.5688 -, 331 0.155
15 0.102 0.044 0,347 0.298 0.2381 -.010 -.013 -.124 -.06383 -.336 -.175 ~.174 ~ . 079 0.6658 0.009 0,286
16 ¢.120 ~.281 0.137 0O 00 0.060 -.013 -.023 -.055 0.054 0.200 ©0.187 O 08 0.10& -.321 0.000 0.0460
17 0.132 0.273% 0.6446 0 .723 0.547 0.070 0.082 0,237 -.020 ».042 -.145 9,134 -,146 0,155 0.28% 0.080

18 0.074 - 56 0,356 0.424 0.257 -.167 -.151 0.246 0.13% 0.149 - 027 0.087 O.00% -.220 -.086 €¢,186 0.304 .
19 0.225 ~-.1190 0.238&% Q.479 0.2328 -.120 - 417 0,139 0.015 0.06¢ -.016 0.044 O.070 0.£47 0. 231 0.0428 0. 434
20 ~-.221 0 99 - . 242 -.284 - --.04 0.183 0.160 -.261 —-.196 -~ .281 -.107 —-.272 -.065 0.511 0.1¢e8 228 134
21 ~.114 0.477 0.011 -.905C 0.1232 0.246 0.235 -.052 -.233 -.32%, - 21 -.220 Q.020 0.220 0.09% -.214 0.1l1428
22 0.079 -.079 0.862 0.931 0.660 0,086 0.089 0.305 0.064 -.044 -.243 —-.025 - 034 0.013 06.234 0,119 0.70%
22 0.047 -.003 0.785 0.832 0.7t&4 0.16% 0.169 0.227 0.0Q075 ~.112 -~ 25: -.11& -.00% 0Q.151 0.2233 0.045 0.668
24 0.113 0.083 0.173% 0.172 0.382 0.844 0.8236 0.367 0.007 0.12 -.104 -.212 0.310 -.045 -.006 —-.027 0.195
25 0.100 0.13! 0.16& 0.168 0.408 0.8382 0.87% 0.354 -.901t 0.110 -, 108 -~.1862 Q.2377% -.93% 0.001 - .9002 0,182
26 -.174 0.96723 0.025 0.014 0.14S5 0.182 0.16%3 -.180 -.275 -.292 07% 0,032 -,267 0.356 0.090 -.230 0.328
27 0.332 ¢.092 ©.008 -.056 ~-.02% 0.918% 0.02¢0 0.9002 -.0246 0,116 0.043 0,281 - 71 -.031 -.0Z3 ©.048 Q.051
28 ~-.297 0.014 0.132 ©0.118 0.028 -.200 -.207 -.1354&4 - .082 -.19%2 -.08: 0.064 - & 0.005 ©.037 0. 204 -.028
29 0.937 -.203 0.037 -.006 0.062 0.130 06.1384 0,085 0.Q16 9.750 0,426 0.32359 9.412 -, 211 0.130 0.007 0,151
20 0.936 -.202 0.070 0.002 0.069 0.092 0.09C¢ 0.030 0.035 0.724 0.615 0.424 0.295 -.282 0.096 0.442 0.1%2
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.074 0.225 -.22t -.114 0.079 0.047 0.113 0.108 -.174 © . 332 -.2687 0.937 0.936 7.7R72
.1567-.119 0.499 0.477 -.079 -.00% 0.09% 0.131 0.972 0.092 0.014 —-. 205 -.20% 2 .0112
L3566 0.382 - .,242 0.01t 0.862 0.725 ©.172 0 62 0.025 0.008 0.128 0,037 0.070 1.0922
.434 0.479 -.284 -~.,0350 §.031 0.838 0.172 O© 63 0.014 -.056 0.11& -.0046 0.00zZ 4.3851
.297 0.229 -.048 0. 122 0.660 0,710 0.382 0 2 2.145 -.,0223 0.038 0.068 0.0D690 21.706%
L1687 -.120 0.163 0.246 ©.086 0.167 0.844 0.882 0,162 0.01%6 -.200 0.120 0.092 %H1261.1920
.151 ~. 117 0.160 0,23% 0,086 0.16% 0.836 0,875 0.162 0.020 -.207 0.124 0.090 2.0882
.240 0.139 -~.261 -.052 0.3985 0.32 0.367 0.354 -.180 0.002 -.154 0.085 0.020 42,6183
L13% 0.016 -.156 ~.23% 0.064 0.075 0.007 -.011 -.275 -.046 -.022 0.014 0.025 17.0074
.149 0.060 -,2391 -.22% -.044 -.112 0.121 0.110 -.2902 0.11&6 -.192 0.750Q 0.72 9.23530
027 ~-.016 -.107 -.131 -.243 -.251 -.104 -.,109 -.075 0.043 -.081 0.8620 0.&815 g.4221
.06 0.044 -~-.272 ~-.230 -.038 —-,118 -,212 -.192 0.032 0.281 0,064 0.2350 0,424 1.63236
00X C,070 -.065 0.028 -.034 -.00% 0.210 0.277 -.267V -.171 -, 248 0.412 9,293 2.4472
220 0.047 0.53% 0.220 0.013 0.15% -.045 -.023 0.356 -.031 ©.005 ~,211 -.282 - 30.45:28
Q26 0,231 0¢.188 0.09¢ 0.234 0.233 -.006 0.001 0.080 -.028 0.0237 0.1230 0.096 9.1002
196 0.048 -.328 ~.214 0.119 O.045 -.027 -.002 -.230 0.0486 0.204 0.087 0.442 11.9523"°
294 0.424 -—.134 0.148 0.70% 0.668 0.195 0,182 0.2338 0.051 -.025 0.151 0.142 46,2439
0.483 -.595 -.3286 0.387 0.273% -.164& -.135 -.089 -.104 -.023 0.1310 0.108 2.24418
483 -.387 ~_126 0.437 0.407 -.023 -.039 —-.90589 -.,123 - . 070 0.277 0.210 10.3728
595 -.387 0.514 -.260 —~-.113 0.t1% 0.124 0.501 0.00F% -.044 - .222 -.262 11.8443
2a -.126 Q0.514 0.002 0.185 0.242 0.344 ©.508 0.021 -.087 —-.120 -.182 56,8224
a7 0.437 -.286 G. 2 0.914 0.32224 0.2318 0.0t8 -.004 0.097 0.067 0.104 2.0293
T2 0.407 -.1i% 0.185 C0.014 0.449 0,442 0,995 0,036 0.012 0.051 0.0352 16 . 8404
66 ~-.023 0. 0.243 0.324 0.449 0.98% 0.098 0.064 ~.178 0.1:121 0.089 T29.3333
25 -.039 0.12 0.344 0.3182 0.482 0,981 0.i36 0.09! ~-.162 0.107 0.093 1.1806
089 - 0.50! 0.508 0.018 0.095 0.0988 0,136 0.069% 0.004 -.205 -.202 23.5z242
.104 -.12% 0.00% 0.02: -.004 0.036 0,064 0.091 0.069 -. 110 -, 9008 0.2334 86,3808
.023 -.070 -.044 -~,087 0.097 0.012 -.178 -.168 0.004 -.110 -. 282 -.13¢8 5.3328&
110 0.277 —-.222 -.120 0.067 0.95% 0.12: 0Q.107V -.203 -.008&8 - 222 5,865 11 .7V12¢9
.108 0.210 -.292 -.182 0.104 0.058 0.0£9 0,09% -.202 0.3234 -.15% 0.865 5.9277



APPENDIX - WITHIM CORRELATION MATRIX : DATA 2

1 2 2 4 5 5 7 8 9 to 11 12 iz 14 15 16 17

1 0.164 0.244 0©0.178 0.146 0.071 0.087 0.694 0.566 0. 2 §.496 ©.44% 0.025 0.069 0.100 0.122 ©.209
2 0.164 -.111 0.034 0.021 0.039 0.038 0.218 0.200 0.146 -.076 0.212 —. 060 -.11! 0.089 0.044 0.15%
2 0.244 ~.111 0.681 0.40% 0.280 0.406 0,152 0.077 0.212 0.278 0.106 0,127 ©.071 0.187 -.074 0.286
4 0.17&8 Q.034 0.58 ¢.312 0.442 0.415 0.128 0.106 0.162 0.117 0.134 0.049 0.096 0.0Q072 -.088 0.261
5 0.149 0.031 0.40% 0.312 0.810 0.765 0.1128 0.106 0. .22 0.106 0.163 0.026 0.056 0.039 0.136 0.156
5] .07 0.029 0.380 0.442 0.810 0.9861 0.069 0O 0.139 0.113 0.087 0.12 0.072 ~-.009 0.185 0.128
7 0.908Y 0.038 0.406 0.415 0.795 0.961 0.08&8 0. G 0.177 0.157 0.111 0.094 0.119 -.003 0.226 0.145
8 0.694 0.218 0.152 0.128 0.118 0.06% D,08& 0.820 0.732 0.175 0.262 0.139 -.028 -.050 0,070 0.187
9 0.566 0.200 0,077 0.106 0.106 0.129 9.130 €©.8220 0.594 0.152 0.327 0.130 -.038 ~-.0G22 0.013 0,166
10 0.742 0.146 0.212 0.162 0.220 0.139 0.177 0.72% 0,594 0.831 0.440 0.109 0.020 0.146 0.093 0.212
11 0.498 -.076 0.272 0.11i7 0.166 0.113 0.13% 0.175 0.152 0.531 .22 ©.070 0.116 0.281 0.002 0,214
12 0.443 0.212 0.106 0.134 0,163 0.057 0.111 ©0.2362 0.337 0.440 0.332 -.892 -.03% 0.10% -.D18 ©0.238
13 0.025 ~-.060 0.12¥ 0.0492 0,086 0.129 0.094 0,132 0,130 0.109 0.07 ~-.652 T B.047 0.02 0.056 ~.062
14 9,089 -,111 0.071 0.095 0.056 0,073 0.119 -.02 -.028 0.020 0.114 -.02¢ 0.047 0.034 0.1323 -~-.023
15 0,100 9.0829 0.107 2.072 0.029 -.009 -.002 -.032 ~.022 0.146 0.2821 0,101 0.024 0.024 ¢.13C¢ Q.128%
16 0.122 0.044 -.074 -.08% 0.15% 0.185 ©0,22% 0.070 0.015 0.09% 0.008 -.018 0.056 0.135 0.13¢C - . 097
17 0D.309 0,153 0.286 0.261 0.156 0.128 0.145 0.187 0.166 Q.212 0.214 0,258 -.06% ~.023 0.136 ~.po9v

18 0,057 -,043 0.045 0,142 -.091 -.087 - 118 0.082 0.074 0.032 -.096 0.069% -.0688 -.002 ~-.007 -.155 ~.0900
19 -.,060 -,105 0.160 0.164 0.123 0.116 0.086 -.07G 0.002 -.106 -.009 0.024 -~.054 -.113 -.080 ~,184 5.1t
2 9.263 0.242 0.001 0.077 0.117 0.072 0.059 0.196 Q.1782 0.226 G.214 0.228 -.03% -.075 0.014 0.002 0.023%3
21 ©.257 -.086 0.162 ¢.110 0.072-0.106 0.027 0.222 0.197 0.173 0.171 0.132 ©.0324 0.203 0.058 0.049 0.020
22 0.199 0,029 0.470 0,352 0,506 0.482 0.440 0,173 0.15% G.214 0.15% 0.070 0.119 0.051 -.030 0.105 0.172
23 0.171 0,027 0.319% 0.3864 0.4522 0.401 0.272 0.119 0,174 0.13% 0.162 0.029 0.05% 0.135 0.90906 0.089 0.044
24 0.259 0.005 0.306 0.228 0.255 §.275 0.338 0.156 0.177 0.221 0.219% 0.06&6 0.091 0.189 -.042 0D.102 0.095
2% 0.212 Q0.022% 0.282 0.330 0.429 0.446 0.414 ¢.150 0.184 0.190 0.17! ©.0Q78 0.091 0.116 ~.054 0.0Q0680 D.113
26 0.186 0.908 -.0358% 0.142 0.054 0.042 0.037 0.225 0.22% 0.13t -.082 0.249 -.075 -.072 0.106 ~-.012 0.1831
27 9.028 -.172 0.0%0 0.0%5 0.005 0.047 0.026 -.099 -.11% -, 248 -,D81 -.150 0.04! 0,032 -,349 ~. 135 -.176
28 -.274 0.082 -.086 -.093% 02.009 -.009% -.0:2 -.103 -.111 -.168 -.i07 -.229 0.130 -.049 -.002 0.040 -.084
29 0.9835 0.1826 0.2850 0.172 0.162 04.09! 0.11Q2 D.700 0.575% 0.776 Q.353235% 0.450 0.9041 ©.0Q6% 0,177 0.151 0.237
30 0.9822 0.16! 0.238 0.190 0.155 0.096 0.113% 0.676 0.5506 0.727 0.480 G.426 0.015 0.0967 0.003 0.191 O.305
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APPENDIX
THE VARIETAL MEANS : DATA A

VARIABLE ’ VARIETIES
1 2 2 4 ol 6
1 17.667 19.310 t2.182 19,352 i9.120 5.693
2 88.467 27.267 117 . 467 106,467 105,133 ez . 000
3 6.023 e.467 6,067 2,333 7,333 8.067
4 9.267 10.867 6.400 24 087 0.800 10.067
S] £9.133 91,122 62.000 146 .800 B7.632 101.z22
<] 2804 000 1964 .000 1269 .667 3113 . 667 3311 .667 2864 .687
7 4.673 2.940 2.282 5.190 §5.85%3 4.774
2 126.009 122.000 76 .3233 167 . 0200 112,067 100.667
9 74.000 88, 233 49.667 55.232%3 42 233 68,323
190 22.867 21.267 12,200 16.067 27 .067 4.400
| i2.0023 17.470 16,3213 6.0647 23,212 4.612
12 2.600 3.8600 §5.600 4. a3 6.087 1.133
1z 6.570 6.157 2.287 3.927 4. 867 2.9623
14 65.43¢2 104 .6233 11,832 111,923 F7.467 119,000
15 20.3287 44 847 27.100 44,822 34,533 32,433
16 77.10¢0 4133 51,267 73.067 62,033 56.267
17 82.800 g9 . 400 79.867 290,332 121,823 111.4600
12 29.000 F3.000 1,000 37.00ac 20.0400 29,0090
1e 11d.¢00cC 114,333 i10.6867 120.000 109,333 107.000
20 21,732 435 2490 47.933 42.407 40,0357 oR.2867
22 2.48467 2.8s587 5.z282 17.9587 7.4867 7.3867
23 S52.400 52.400 28,000 105,287 44 467 32,132
24 1842 . 467 1010.3020 785,767 2233 . 224 1770 .8867 1502 . 407
25 3.4070 1.6384 1.276 2.721 2.250 2.810
23 52.732 90.923 117,487 117 333 88,200 95.000
27 50,437 51,000 56.500 50 . 4233 5% .500 64 .700
25 45 . 987 46.032 52,133 48 . 287 48,387 47 . 8322
20 2%.500 Z2.067 21.a00 32,067 20.133 2.200
=0 12.900 14.500 5§.232 14.287 12.087 =.,74a7

[
[ Il
W

v}
5 0

-
o

[ a1}
DO O S = G D e DG

i

fxh]

[}

W oo o~

Ph Lo o 00 pe
ECEEARESN BEATE o B LI o ATERS JICS IES BER IS A B v T I )

fac]

Ch ) 1 Gy )Ly

Y PRI Fu B Do O

0~
G

[a]

o
h
£ ka0 W O ke = BB

T s

-
wa
[N
Ch
b
@
0

o]
(a3

—
o

Lol B - O T
fad]

oo L) O O WO

-1 1

[ I B S TR & T oS S T ) S o )

|5 B= L oV
B W e (O
o

S

=0 s G
Wow W

-~ &
in




VARIABLE ' VARIETIES

=1 @

=1 L AT o =3

[x% B = R

© g

LF MW S R hp O o=

12 i1 12 132 14 15 la 17

1 19.687 18,470 15.863 16. 713 17 .872 20.270 17.100 12.4890 1

2 102.533 97 7232 66,132 a7 .267 75.867 95 .467 av .73z 103.%500 10

a v.667 7.867 11,133 7.400 7,233 7T.73% 7.400 6.4867

4 89.600 §.735 18,323 2.8300 2.400 2.867 ©.467 BR.467

5 96 .9838 104,833 106 . 600 87 .400 92 633 98.200 97 . 067 82.800 8

6 3188.567 4042 .000 20356 .000 2920.6467 3407 .000 [IBLT7.667 2207 .000 2187.667 340

7 5.314 6.746 3.44%3 5.85324 5.668 5.645 0,344 5.229

8 160.4000 140 .223 i41.090 154.000 126.00¢0C 98 .8667 141 .3233 153.3322 13

2] 68 .667 57 . 667 80,332 92.667 66 .3223 45 .000 61.000 56.00¢ &
19 21.923 F1.733 12. 832 21,333 22.867 32 .72 2 8090 14,123 1
11 13.210 22.667 g.870 12.897 15.757 LTIV 13.410 10. 387 1
12 4.132 2.723 2.800 2,333 2.467 4 2z 2.467 2.6400

13 5.150 8.030 5.202 9.4%53 8.8327 7.923% 11 . 427 5.120

14 76 .8233 TR.233 112.600 87.157 82.733 o8.687 71.667 84 .800 9
15 2.933 30.733 292.5687 41.333 26.087 24,300 36.032 40 .300 3
13 6G.0232 70.9567 73.187 ¥3.267 G2 . 333 78.767 75.333 69 .600 6
17 111.200 126.000 119,233 78,887 70.122 69.000 107,233 094,133 9
12 23, 33 20,3238 23,33 31 . 687 31.967 32.000 20,667 20.09¢C 2
19 108.0090 i14 232 129,332 1065 004Q 112,233 114,000 114.6087 110.000 11
= 43,532 45 . 467 4. 3233 47 . 267 £2.400 42,400 49.367 95 . &£G7 i
22 5.600 8.600 i3.400 &§.400 2.400 g.267 2.53¢% 0.867
22 53,533 47.000 76.82C0 50.0487 9,267 31,5323 35.300 46 .723 4
24 1755.487 2217.800 1422, 98% 2017 .267 2022400 1774 .657 2120.067 1785.987 189
25 2.9E:5 2606 2,473 5.261 2,381 2.957 2. 659 2.976
26 102,533 102.400 66 .1322 104& . 3523 75.667 o2 .123 8§V .732 1C2.500 107.
27 64,367 55.023 20,467 57 .7%23 54 .867 Se.Bav 062.7867 4,532 aa,
23 45 900 45 .400 52.300 44 700 51,333 91.267 42 .,.953% 43 .500 45
20 31.000 33.600 27,933 20.809 32.400 24,4049 27 200 24.H587 33.
30 12.333 13.067 11.42067 12,287 11.200 15.9487 12.800 9. 367 12,
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VARIABLE

1 1
2 a3
3 7.
4 9.
5 90 .
6 2545 .
7 4.
2 124,
9 56
10 22.
11 17,
12 3.
13 5.
14 2
15 2
16 7
17 10
12 <
19 12
z0 2
22
2% 55
24 1597
25 2
26 92 .
27 53,
28 4z .
29 20
20 1
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VARIABLE VARIETIESE

28 29 30 a1 32 33 34 30 20
1 24 .687 19.657 14,807 15.647 14,917 16.747 6.277 16.013 1 G653
2 932 .400 97 .0a0 114.35332 116,332 86 .4400 76.20¢C 92 .000 107 .267 §2.000
3 7.609 6,332 7.800 7.000 7.267 8.732 7.93% 6,267 7.z22
4 89.467 8.297 9.838 2.4000 2.400 7.733 9 TIE £.467 10.267
5 108,667 65,000 111.0867 21,5333 91.067 78,5233 849.067 77.887 89.600
& 2504.000 1548 23z 49001 . 233 2876.000 2609 .687 2200.600 141Q.0060 2059 .897 2307 . 667
7 5.840 2.981 6.709 4.794 4 2350 2.667 2.478 4 B33 4.079
8 99, 223 118,333 01 .667 102 .667 130,667 1Q4.667 94 . 333 103, 328 120.000
9 T332 69.000 50.3233 63,323 63.333 55.000 67 .667 58.6887 76,233
i 22.533 25.287 16.000 21,723 24.367 20.333 £2.033 19 .600 23%.C00
113 22.287 21.413 17,257 20,757 18. 880 10.742 9.417 i8.877 17.463
12 4. 200 4.900 2.800 3.067 3.067 4.8600 2,387 .78 *.800
iz 3.740Q 2.850 4,270 ~ 5,917 §.720 4.637 3.813 7,822 §.670
14 9G. 867 112 300 §2.800 22,300 TE.267 87 .400 93,133 2y .73z 69 .400
15 42 .600 27.300 39.132 23,3587 32.133 26,433 24 .600 40 . 200 231.087
15 Ta.300 TE.,133 76.800 TE.922 76,632 58.400 T4, 267 77.000 72.133
7 106G . 4487 71.132 gz.087 115,933 79.833 82,200 102,207 iog. 523 60.200
ig S0.667 20. 333 34.867 332,332 32,382 Fz2.a00 32,332 21,332 35.000
19 117 . 667 109,233 11Q0.000 i21.4847 107 .667 118.6567 1090 333 i110.000 110.8867
20 40.000 52.067 446 .600 46 . 267 46 .647 32,867 42 4933 47 .200 29.400
22 &, 867 5,467 7.800 &.800 V.53% 5.867 T.287 7.400 6.800
23 43 333 48 . 667 44 267 41 .800 42  G3= 8,467 45,400 43,733 41,8567
24 1364 .300, 1005.267 1056 .9587 1474 .600 1827 .500 1078 .700C 718,487 1661 .7€7 1142.422
23 2.274 2.09% a.72¢ . 2,488 2,045 1.7¢e8 1.1848 2.746¢ 1.904
246 62 .4300 g7 .000 114, 33% 116,323 39 .40¢C 76.8300 GR.000 10V . 867 B2 .0C0
27 62.833 B3 2a7 54,000 57 .233 55.667 56 . 340 01,332 54 067 51.a0C
28 47 . 300 30,567 48 .53% 45.467 30 122 47 . 200 50.000 S1.400C 40 . 133
29 39, 267 21.40867 23.133 27,467 22.3a0 22.7V3% 10.400 28,8467 25,833
30 14.900 15.400 11.3233 11,867 14.50Q0 11.4a7 4.787 14.667 9.767
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RSN RN AT S RIS QRS B/ T IS I L T 7% R o I v s B AT S

VARIABLE VARIETIES
37 28 3¢ 40 41 42 43 44
1 8.5840 14,547 26.507 16.470 22.287 17,172 12,877 16,202
2 112.200 103,33z 104, 233 104 . 000 28 . 267 83,200 1906 .600 71.333
3 7.800 7.000 7.6867 8. 487 7.000 6.833 7.083 6.523
4 §.8667 A.Q87 8. 467 11.53z2 7.667 e.523 9.200 7.800
] 100.332 99,267 101.833 69,867 96,122 76 .933 85.7238 92.9&8
6 3317 .000 1977 333 3463.333 28926 .667 2597 ,323 1802.000 2832.,060 3130.667 22
T 5.520 Z.29893 5.76%9 4.87% 5.9995 3.003 T4 5.218
8 92.3323 90.000 107 .667 121,232 84,000 138 .667 22 .867v 111.667 1
9 96 .322 55.6867 71.667 09 . 332 55.32383 71.667 97 . 333 98 .687
10 0.332 tz2.6567 29,1232 19,9232 12.332 22.3232 16.6400 17.287
11 10.457 232,350 av.083 16.410 21.837 16 .023 18 .643 15,497
12 1,933 2.600 2.82:3 2.333 2.6832 2.067 2.200 1.78%3
] 4.907 59387 2.75% 2.547 5.870 7.837 7.570 10.147
1a 137 .5800 104 8900 106,267 77100 84 532 T4 .L487 118,133 122.000
15 35.800 27 .533 40.82¢2 27 .233 38.597 31.30¢0 40 . 033 S0.26°7
i8 59,000 50.72% 7i.832 76 . 700 73,187 41,300 v0.&800C 71,867
17 g0 .332 7V . 087 106,200 128, 332 95.4a7 58.867 846,887 7&.,88°7 1
t8 28,4867 29.00¢0 2.o822 32.867 2 Q00 32.000 29.6487 29.200
19 108,338 107 . 887 126.667 114,647 116.000 110.4000 105.600 116,000 1
20 60,533 59,400 47 . 133 43 . B3Z 43 . 467 45.12z2 8,400 52,9223
22 g.287 6.467 7.400 9.733 §.887 7T.533 8.400 6,733
A0 54,500 47 . 287 36.733 53,867 46,800 44,200 55.400 47 . 567
24 2070.5324 846 .400 1808.600 1578 .667 1857 2C0 1050 .500 1832 100 1582, 247 12
25 2,451 1.582 2.178 2.631 3.0906 1.751 2.05% 2.654
248 112,200 102.3332 104,333 104 .000 858,287 8L.9ax3 106 . 467 71.667
a7 39,633 51.100 63,532 S2.023 54,433 59 733 52.800 54,200
28 47 . 133 45.957 2.7a7 46,700 &7 . 187 43,133 49,167 42.600
20 12.2% 28.4867 41,387 3! .500 34600 24 667 26,267 0,132
30 3.087 82.7090 19,133 12,623 19,7687 10,538 9 23 11.78%
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VARIABLE 0 VARIETIES
46 47 48 49 80 S1 52 53 84
1 19,720 22.257 21.210 33 .413 13.280 25 .862 18§.3s87 16 .777 15.8523
2 2e.200 093.867 106.53% 85 .667 894 733 24 .667 02,723 96,867 a7 .200
3 7.73Z 8.3532 7.667 T.TRE 5.600 7.400 7.733 4.600 7.600
4 £.933 5.267 9.4900 9.200 . 2.267 10,280 2.600 9.800 9.733
5 92,200 79 .48°7 101 . 833 G4, 333 84, 533 58 267 g§a.000 95,200 101.600
é 2677 . 333 2003 ,.332 27829 . 667 2420.3232 2047 .667 2692 . 667 1915 . 233 2371.332 2124.667
7 6.1269 3.486 1.64%0 4.124 3.661 4,488 2.10923 5.620 5. 580
2 a7. 323 102.000 9z . 000 93.000 895 . 2333 149 . 667 142 . 667 eh.667 132.0080
s 25.6867 44,8687 67 .232 59,667 56.000 22 .323 57 .667 55.867 59.000
10 22.133 12.857 232,822 22,000 21.667 22,400 22 .200 i8.400 21.867
11 25.307 158.403 24.517 23.5357 22 527 20.2460 14 920 20.410 16.353
12 2.4537 3.000 5.200 2.533 3.067 3.322 3.0667 2.733 2.097
13 0,430 2.750 4.297 82.580 7.150 5.903 5.800 4. 903 2 213
14 e5. 1900 82,700 T2, 833 99,667 77,887 23.367 TS.767 24,433 28.150
15 29.767 45 .767 22,400 47 700 24 . 738% 26,0067 22.967 37.667 23,387
16 77.600 Te.T238 a8z2.2900 62.067 ¥6.,157 67 .400Q 76,800 T4 .333 57 .63%
17 81 .2a37% 108 .8600 116,267 1oy . 8&7 115.000 1086 .0867T 105.33% 93,497 £89.600
ig 31,323 27.000 30.000 21.000 32,0030 32.987 22,333 31.000 30,333
is 111.6487 14,333 113.232 12a, 000 121.887 110,322 122,232 106,233 113.587
29 48 0322 43, 923 50.33z 57 .867 47 . 0040 40 .287 44 . Q867 31.400 4G . G867
22 7.4487 4.200 g.12= 7.600 7.000 2.267 7.aqo0 7.932 5.383%3
23 49,600 434 .83G67 S22.D03% 49,732 47,9332 53.40¢0 4%7v . 200 60.267 538 867
24 1976 .4G0 1355.867 1612.7V00 1294 600 1245.867 1652.20¢0 1120.500 2128 . 667 1779.600
23 T.284 Z.260 . 2,890 2.174 2.079 2,754 1.284 @.590 2.961
OB 21.882 9%.8a7 105 .867 953,867 94,733 24 . 687 28 .72z 89.8487 85 .53%2
27 SF7. 467 T0.367 66.600 55,100 52,400 60,633 92 .833 64.533 66 200
28 43 . 087 50.500 45.100 43 . 3287 51.700 31,332 49 .867 45.000 £7 .400
20 24, 432 G1.56587 32.000 42,4467 25.223 42,533 28.733 26,000 I3.933
20 15.300 16.433 170733 14,523 9.900C 16.100 14,100 12,467 9,123




VARIABLE VARIETIES

55 56 a7 38 59 60 61 02
1 16,337 2.580 10.610 11,5940 19.0:13 12.002 14,220 13.083
2 95.600 114, 333 103,600 120.93% 7H.0383 29 . 267 79 .400 87 . 933
] &.8487 .800 §5.400 T.26%Y ©.8%00 5.667 7.338 7838
4 7.733 12.132 11.400 g.933 8.267 2.200 8.267 9.600
3 1¢1.9233 29.600 102, 533 108,000 86 .33 84, 487 63.267 90 . 333
G 226%.667 2006 237 4031, 233 3:117.3323 2019 687 231¢.232 2306 ,.667 758,000
7 5.4390 3.501 6.720 5.196 3.366 4.865 . 3.484595 6.265
A 94 . 333 65,332 174 233 124,333 126 232 g93.332 108, Q00 100.6867
@ 34.000 =4.00Q0 83,3233 58,333 56.667 46 .667 6@, 223 54.667
10 20,9067 14,267 14,0867 14.733 24 .567 16.8a67 19,1323 7T.333
11 21.2353 22.827 g.0z7v 13,0353 19.400 17.9032 17.670 17 .397
12 3.600 3.133 2.867 2.400 2.582 q.332 3.2040 2.067
13 3.882 4,827 5.737 7.012 89.610 5,200 6,260 g.710
14 0. 167 111,132 g1, 838 91. 167 TET.T33 72,800 80,7867 24 833
15 28267 45.1090 27 .800 37.200 22.2090 23 .900 27233 27 .167
16 74,028 2. 487 65 .833 61.422 68,333 TG, RBT 78 .200 T5.53%
17 2z.1z3 115.83% 82,132 104 . 067 86.432 S58.400 71.000Q 64.067
18 31.009 34,000 21,0040 30.33% 24.332 31,0600 29 33 20 .000
19 113, 383 122.00¢C 1:0.000 112,333 126.600 117V .96867 109.323 108,332
20 46 .73 28,067 82,33z 30.400 27 .000 42 . 4567 46 . 7232 49.400
22 é.800 _9.467 8.800 7.487 7.63% 7T.206 7.73AR 3.600
22 49, 467 56.200 51.667 55.400 50.067 42 .0Q67 50.067 SR.93C
24 1534.900 1288 .167 2397 .9667 19905.400 1162.400 1828 .03% 1210, 433 2193.067
23 2.642 2.147 3,884 2.6839 2.0406 2.147 2.184 2.638%
26 95.200 114,132 102.800 120,632 79.8667 80 297 76 .733 87 .53%
27 61.6:23 68.4867 62 .667 56,6607 59.8490 60,267 37.700 §5.6067
28 45,3867 7.267 48,3232 48,000 48 087 50.733 51.183 47 .5300
28 256.0332 20.800 16,267 20 .333 31.732 23.087 24 .667 22,8600
30 12.100 9,232 7.000 7.100 12.967 10.700 i1.2z8& &.767
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APPENDIX -  GENOYYPIC CORERELATION MATRIX : DATA A

1 2 3 4 3 6 7 & 9 10 11 12 13 14, 15 16

i ~.229 -,034 -.068 ~-.000 0.108 0.112 -.042 ~.040 0.749 0.647 0.461 ©.4239 -.243 0.102 0.127
4 -.22¢9 ~.05%52 -,100 0.089 0.207 0.206 -.324 -.38! -.345 -.003% 0.064 -~.394 0.362 0.036 -.28¢9
2 -.034 -.052 0.9%94 0.788 -.104 ~.0982 0.220 -.048 -, 222 ~-.242 ~.10383 -.2 4.092 0.401 0,171
4 -.068 -.100 0.994 0.767 -.092 -.08% 0.292 0.058 -.219% -.357 -.026 -~.28% 0,107 0.333 0.111
] -.000 0.089 0.788 0.767 C,2356 0.377 0.227 0Q.049 -.316 -~ .288 -.464 0.082 0.166 0.329 0.074
& ©0.1083 0.207 -.108 -.092 0,258 0. 999 0.244 -.065 0.008 -.D042 -, 247 0.3232 -,032 -.011 -.018
7 0.112 0.2086 -.092 -.083 0,377 0.9969 \ 0.256 -.951 0.102 -.047 -.264 0.390 -.0832 -.014 -.040
g ~.043 -.324 0.220 0.3%3 0.287 0.244 0.258 0.467 0.073 -.560¢ -.205 0.234 -.264 -.135 -.061
9 -.040 ~.381 -.048 0.058 0.049 - 063 -.403: 0.467 0.015 ~-.3260 ~.335 0.217 -, 028 -.072 ©.0354
10 0.749 - 345 -.222 -.219 -.215 (¢.09&8 0,102 0.073 0.0Q15 0.752 0.443 0.630 -.642 -.425 0.218
it 0.647 -.00% -.242 -.357 -.282 -.042 -~-.Q47 -.560 ~.360 0.753 0.50a8 D.220 -.3432 -.214 0.192
1 0.46! 0.0684 -.108 -.026 -~.4954 -.247 -.264 -_208 -.335 0.443 0.508 -.378 -.242 -.26%1 0.011
i2 0.439 -.894 -, 257 -.28% 0.082 O, 388 0.3260 0.234 0.217 0.630 0.220 -.378 -.401 ~-. 115 0.132
14 -.245 0.362 0.092 0.107 D0.166 -.033 ~-.032 ~,264 -.022 -.642 -.3542 -.242 -.,401 ' 0.712 -.332
13 6.102 0 3 0.401 0.33% 0.329 -.011 ~.014 -,133 -.072 -.425 -.214 -.261 -.1i5 O0.712 9,906
16 ¢.:127 -.289 0.171 0.11t 0.074 -.01&8 -.040 -.051 0.054 0.218 ©£.19%92 0.011 0.132 -.322 0.G0%

17 0,123 0.266 0.743 0.808 0.762 4.061 0.02072 0.246 -.041 -.2112 -.,182 0.10C ~-,182 0.1608 0.325 0.069
18 0.081 -.192 0.503 0.528 0,489 -.192 -.163 0.288 0.156 0,169 -.018 0.06¢ 9.040 -.286 -.108 0.244
1¢ 0,253 -.124 0.461 0.515 0.302 -.137 -.122 0,157 0.016 0.C82 -.012 O0.¢531 0.100 D.D4L8 0,257 0.252
2% -.35%2 0.8574 -.346 -.280 -.145 0.186 0.186 -.006 -.199 -,560 -.1§7 -.500 -.079 0,599 0.231 -.384
21 0.055 ~.101 1.009 1.005 D 2 ¢.022 0.032 0.435 0.062 —-.100 ~.260 —-,073% -.082 0.013 0.27V8 (0.128
22 0,007 ~.0!3 1.042 1.031 0,918 0.115- 0,124 0.407 0.078 -.208 -,353 -.24: -,037 0.127 0.313 0.053
23 0.077 0.117 0.120 0.133 © 17 0.958 0.957 9.419 -.005 0.094 -,152 - .338 0.417 -, 056 0.002 - 0835
24 0.084 0.159 0,120 ©.129 0.412 0.983% 0.962 0.402 -.027 0.0&89 -.149 -,210 0.367 -.040 0.012 -.004
25 -.247 0.988 0.055 -.012 0.200 0,184 0.1!85% -.257 -.324 -,3635 -.077--.049 -.351 0.3¢9 0.0828 -.237
6 0.366 0.116 0.005 -.068 -.034 0.015 0.020 0.009 -.045 ©.150 0.048 0.279 -.228 -.032 -.008 (Q.049
27 -.314 -, 002 0,257 0.121 0.058 -.,3262 ~.270 -.176 -.0%2 -, 205 -~-,286 0.231 -.475 0.007 0.45C 0.2356%
29 0.928 -.295 -.0238% -.044 0.028 0.138 0.140 -.021 -.0Q02! 0.7v44 0.661 0.320 0.575 -.238 O0.122 G.104
29 0.8%828 -_.271 0.024 -.031 0.042 0D.081 0.087 ~, 070 —-.003% 0.724 0.637 0.444 0.404 - 207 0.026 0.474
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Appendizx

The solutions of communality obhiainaed from the last two iterations
principal factor amalysis - data A.

2a) Environmental correlation matrix of order 22
{Threse fazctor case? Four factor case?l

iteration t iteration 24th iteration Sth iterztion
40818085 40617352 .9872608 .38725493
.A600722 .4560086141 . S32802283 . 5280214
4T 48271 LET 49224 .5113405 .5112401
. 49143531 .49144491 .5198121 .a16821t8
.6770654 .BT70651 .7073341 L7A73240
. 497782¢C0 L, 4977292 .5268900! .89200004
7307900 .72307L99 LTRISTEL .73357323
27127066 2718704 2220846 . 2828247
.02119358 .031:1964 02385331 03228522
.0z12185 .0212186 12336867 1356863
.1258407 .1262427 13602331 1200322
1517762 1517758 2012122 2012190
.348271¢ .2482582 LA1706G29 4170910
.B3T778BB222 LLTTe497 .3249012 524949823
11200409 . 1120045 .11202Z48 1130247
.8820477 L,B8328483 . 65886132 66082614
. 5762813 L9762829% .7522840 79229040
. 49894506 .446¢843518 .69827258 . 6927261
06844665 .08824663 ,0785848 .078543413
0523252 Q5232247 , 14236675 L 14368676
0740031 .Q0740Q0973 0767810 .07878182
es5v74u011 L, a579004 L.23192982 . 8519266
780732%1 .7ap7271 .7814211 .7914%12




L) Environmmental correlation ¢} Genotypic correlation
matrix oi order 153, matrix of order 135,

£eth iteration 50th iteration 24th iteration 23th iteration
.6388231 639883 .763303 .783303
.285561 285531 .022:102 .023102
.783420 L. 7B3427 .262529 .3625¢81
.58R676 .558683 . .339727 .239723
. 724055 .724005 L.724424 724482
.27328¢8 . 2735387 724422 724440
.016293 .016404 .4822614 . 482614
L167712 1877018 .8334313 L8E4210
.470826¢6 .470301 .9680239 .668039
.B6B2766 .69G518 .408715 .408715
.110658 .110654 .986700 .826700
.062122 .092120 .53132692 .5139891
.042218 .042216 122117 L122117
.061400 .051389 .028824 .0g8624
L BRBSG60 .BRB360 .462733 .463781




APPENDIX - 6. N - Values bhased on 1% cariables arranged
in ascending order - data O,
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18 19 20 21 22 23 24 25 29 27 28 28 20 sD
1 0.024 0.131 0,163 0.2375 0.043 0.081 0.285 0.287 0.184 0.244 0.150 0.8903 ©.016 4.2654
2 0.028 0.411 ©.53t 0.381 0.023 0.237 0.329 0.326 0.900 ~.2688 Q.019¢ 0.278 0.258 1&8.2122
2 0.361 0.276 ~.124 0,298 0.880 0.852 0.509 0.482 ~.021 -.057 D.131 9.212 Q.07& 1.9641
4 0.440 0.416 -.181 0.290 0.932 0.901 D0.519 0.487 Q¢.116 -.117 0.134 0.162 0,057 2.04132
5 0.404 0.361 -.,007 0.253 0.733 0.217 0.491 0.466 0.333 ~.2 0.174 0.207 0. 160 50.2446
6 0.26970.299 0.115 0.%93 0.471 0.561 0.82% 0.814 0.436 -.203 0.158 0.412 0.204 %1176.04%0
7 0.262 0.205 0.106 0.400 0.47C 0.95% 0.821 0.812 0.425 -.206 (0.148 ©.422 0,210 1.484861
8 -.0067 -.067 0.208 0.230 0.10% 0,113 0.272 Q.270 —-.078 0.114 -.120 0.063 0.063 383.2375
9 -.204 -.141 0.045 0.01t -.1986 -.,058 0,026 0,026 0.1322 -.151 - 7 D.057 -.087 17.1102
10 0.368 0.286 -.1996 0.105 0.153 0.168 0.11% ©0.117 0.108 D.068 0.120 0.558 0G.609 5.494%8
11 0.300 0,211 -.287 -.108 0.015 0.011 -.1231 -.129 0.114 ~-.032 0:192 0.316 Q.32 2.4015
12 0.118 0.343 0.102 0.071 0.214 §.34% 0.209% 0.199 0.167 ~.28% 0.255 0.446 0,205 2.2009
1% 0.042 - .271 ~.263 -.,117 ~.067 ~.139 -, 1658 ~.155 -.25¢ ©0.344 -.004 ~.186 —.080 3.5065
l4 - 401 0.103 0.327 0.142 0.042 0.16% 0.129 0.126 0.242 - .2370 -.184 0.183 ~.111 40.2887
15 -.081 0.2190 0.181 0.345 0.272 0.253 0.3286 0,384 0.3132 ~.245 -,0088 0.167 0.0009 2.2602
16 0.092 0.201 0.061 0.019 -.251 ~.205 -.187 -.1232 0.195 0.24% 0.005 0.009 0.481 g.81485
17 0.162 0.327 0,127 0.416 Q0.413 0.49% 0.4982 0.474 0.262 -.300 0.061 0.562 0,230 12.95442
18 0.371 -.382 ~.031 6.401 0.240 0.092 0.074 -.006 -.143 0.320 0,11t 0.030 2.3404
19 0.371 -.108 ©.025 0.306 Q.317 Q0.07% 0.4071 0.433 -_ 437 Q.221 0,332 0.1383 9.4213
20 -.232 -~.1i08 0.492 - .270 -.074 0,196 0.211 0.539 0.028 ~-.114 0.:84 0.1453 8.7101
21 -.031 0.025 0.4037 0.207 0.312 0.4435 0.444 9.275 0.172 -.01%8 0.203 0,337 10.3247
22 0.401 0.306 -.270 0.207 0.909 .0.464 0.423 -.079 -.010 0.182 0.068&8 -.028 2.0782
23 0.240 0.317 -.074 0.312 0.90090 0.372 0.547 0.14% -.108 0.123 0.15Q 0.035 12,2230
24 0.092 0.9079 0.199 0.445 0.4864 0.572 0.999 0.259 ~.014 0.122 0.295 0.224 441 ,2359
25 0.074 0.071 0.214 0.444 0 .433 0.347 0.990 C.281 .00V 0,116 0,294 Q. 227 0.73690
26 -.006 0.433 0.539 0.375 —~.079% 0.142 0,259 0.261 ~-.242 ~-.004 0.2310 0.241 16 . 8044
2Y -.1432 - 4237 0.028 0,172 -.010 -.108 ~. 014 -.007 - . 242 -. 043 ~. 1282 0. 387 &.4753
28 0.320 0.2321 -.114 ~-.019% 0.1282 0.123 0.122 0.116 -.004&4 -, 042 ¢0.174 0.12¢6 5.1180
29 0.111 0.332 0.184 0.20% 0.068 0.150 0.295 0.264 0.310 ~.138 0. 0.7352 6.7212
20 0.020 0.183 0.145 0.85387 -.028 0.035 0.224 0.227 ©.241 G.337 0.12% 0.7852 2.8205
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APPENDIX - WITHIN CORRELATION MATRIX : DATA B

1 2 2 4 S 6 7 8 g 10 11 1z 13 14 15 16 17

1 0.2686 0.337 0, 2 0.249 0.365 0.35% 0.796 0.569 O.743 0.0274 0.3230 0.019 -.104 -.011 0.0 0.4886
2 0.266 0.114 0.1 0.200 0.327 0.210 0.285 0.007 0.18% 0.013 0.167 -_.136 -.008 -.012 0.122 0.264
3 0.337 0.114 0.798 0.688 0.682 0.624 0.320 0.208 0.320 ©0.072 0.31% O.002 -.029 0.008 -~.0258 G.3222
4 0.322 0.186 0.7¢¢% 0.679 0.06351!1 0.631 0.2873 0.145 0.317 0.020 ¢0.42% -.076 -.003 0.005 0.037 0.393
3 0.3498 0.300 0.688 0.679 0.94Q 0.9232 0.316 ¢.133% 0.235 0.114 ©. 273 ~-.022 0,107 055 0.04Y D.3328
& 0.263 0.327 0.682 0.651 0.940 0.884 0.341 @ 7 0.2320 G.110 ¢.235¢ -.0%14 ¢.122 0.088 0.052 0.330
7 0.352 0.310 0.684 0.6851 0.03% 0.894 0.%229 0 2 80.321 ©.121 0,266 -.0D9 0,122 0,084 0D.05%5 0.228
8 0.796 0,285 0.220 G.285 0.3t86 0.341 0.22¢ .17 0.569% -.068 0.29¢% 0.022 -.049 0.036 0.00% 0.457
9 0.569 0.097 0.208 0.145 0.133 ©0.147 0.142 D.8517 J3.491 -.014 §.243 0.026 -.0903% 0.022 0.056 Q.301
10 0.743 0.189 0.320 0.217 0.235 0.320 0.321 (0.5906 0.401 0.3086 C.273% C0.170 ~.02%8 .042 ~-.034 C.38%3
11 0.074 0.0£3 0.0V2 0.0G20 0.114 0.110 0,121 —-.006 -.014 0.506 -.024 0,357 0.032 -.073 -.,078 0.011
iz 0.330 0.197 0.315 0.421 0.278 0.259% 0.256% 0.%91 0,243 0.275 -.024 -.9523 0.135 ¢.070 0.078 C.211
132 0.019 ~.136 0.002 -.0756 - 022 -.014 -.009 0.022 0.026 0.170 0.257 -.623 ~-.109 - .,069 .13 0.0Vv8
14 -.104 -.008 -.020 -. 003 0.107 0.122 0.122 -.049 -,005 -_028 0.032 0.1235 -,109 0.611 0.051 0.082
15 -.01t ~-. 012 0.008 ¢.0058 0 55 0.08& 0.084 0.0%6 0.022 -.042 -.,073 0.070Q -.069 0.611 0.092 0.0894
16 0.019 0.3122 -.028 0.037 0.047 0.052 0.058 0.005 0,058 ~.034 -.073 0.Q076 -.139 (0.051 D.088& 0.112
17 £.486 0,364 0.3228 0.393 0.3328 0.330 ©.328 0.457 0,301 0.282 0.01t 0.211 0.078 0.0982 0.084 0.112

i -.108 0.022 -.009 -.086 0.021 0,050 0.082 ~-.189 —-.132 ~.074 0.057 —-.061 ©0.122 0.208 0.062 —~-.064 -.084
19 -.0835 -.0 0.002 -.078 0.016 0.059 0.073 -.181 -.206 -.0231 0.125 -.021 0.024 0.208 0.070 0.012 -.0824
20 ©0.1230 0.612 0,123 0.187 0.251 0.281 0.268 0.221 0.060 0.084 - 036 0.03% -.067 —-.161 —-.106 0.041 0.134
21 0.233 0.262 0.216 0.183 0.221 0.24% 0,240 0.200 0.12 8.278 0.082¢ O.040 0,004 -.080 0.9040 0,050 0.127
22 0.3227 0.0335 0.49% 0.3569 0.35L 0,328 0.337 0.202 0,11 0.229 0.142 0.230 0.038% -.155 0.016 -.049 0.250
22 0.417 0.290 0,508 0.522 0.370 0.&302 0.388 0.355 0.212 0.3202 0.964 0.242 0.002 -.081 0.027 0.004 0.324
24 0.392 0.285 0.478 0.559 0.385 0.440 0.4%2 0.3123 0.168 0.72586 0.061 ©0.226 0.032 -.050C 0.071 0.0698 O.342
25 0.393 0.284 0.4537 0.537 0.2359 0.42% 0.415 0.%14 0,170 ©,333 0,057 0.217 ©.032 -.032 D.072 0.4%9 0,233
25 0.188 0.749 0.004 0.093 0.1Vv% 0.201 0.13% ¢.182 0,078 €.122 0.003 0.146 —~-.000 0.028 0.004 0.111 0.201
27 ~.453 ~.049 -.151 -,100 -.234 ~.196. -.198 - 020 - 074 -.133 -.028 -.021 0.001 -.032 -.015 D.147 Q.007
2% 0.024 -.022 0.019 -.037 0.028 -.018 ~-.029 0.068 0.035 ~.020 —-,022 0.059 0.047 -.062 —-.020 0.0448 - . 080
I8 0.976 0.26 9.831 0.317 0,368 0.Z521 0.37C 0.308 0.568 0.737 3.036 0.322 0.9290 —-.053 - . Q12 0.912 ©0.3510
3¢ 0.987 0.230 0.321 0.3%03 0.330 0.330 0.328% 0.752 0.556 0.592 0.043 0.326 ~.007 - .074 0.0G12 0.0659 G.481
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APFPENDIX
THE VARIETAL MEANS : DATA B

VARIABLE VARIETIES
1 2 3 4 5 6 7 2 9
1 11.100 15.767 12,187 13.667 15,3500 14.500 12.187 12.7322 10.500
2 o6, 267 71.093% TO.400 22.467 0.933 53,723 62 .33¢8 TO.Q867 847 .408
2 5.067 6.067 2,333 1¢.3500 az 5.733 4.667 5.600 6.000
4 3.267 6.467 5.4867 15.0233 S.600 6.267 8,732 3.832 &.400Q
S 70 . 867 92,332 9%.867 229 .800 80 .92 59.067 BR.133 99.400 122,800
B 154638, 333 2114 . 8667 legal . aaqo 3415.000 1800.4667 2136 .667 1939.Q40 1936 667 2352 .000
7 2.587 3.524 2,139 5.692 3.001 Z.594 2.569 2.233 4,253
8 22.a867 149 .000 91.000 106.900 72,333 113.687 14¢2.000 g3 .000 26 .0667
& 59.332 S51.33¢ 21.000 48 . 6867 30.000 31.333 51.322 61,9867 55.000
1o 15,287 16.800 109, 267 16.832 17.4080 12,133 10.467 11.467 12.2049
it 17.400 11,3267 11.1323 is.967 22.32867 9.367 8.800 12,232 14 200
12 2. 887 2.29¢0¢ 5.583 7.4487 2.667 4.667 2.533 2.267 4. 267
L3 TLOLL7 L. 8ET 1.663% 2,347 4.300 2.800 4 153 2.210 3.107
14 71.%00 B1. 5233 10¢e.353%3 105,233z @3 . 000 145,000 163.622 122,567 142 633
15 20.98867 27 .600 29,800 40 .287 26.700 39.500 42.000 26.1Q0 45,100
ié 73.4909 T4 623 V7,087 582.400 74 .86°7 65 . 233 66 . 3267 64 . 3C0C 867 .767
17 20 .490 48 .467 $2.3800° 85.2067 S1.287 49 .667 29 2500 58.200C 52 400
12 =7 .0300 295867 7333 23.40C0 26,233 24,067 26 .000 26.090 27 .a567
ig 556.2323 10z.332 110.5667 11,232 105. 367 100,333 09 .667 103,232 112,222
20 26.003 41.9000 47 . 847 32 700 43 . 2430 31.800 44 200 49 . 022 31.367
21 2Q.000 41 467 20.20¢0 40,000 26 232 4z 200 36. 2090 27 . 467 40 .:00
22 5.0467 6,533 5 333 11,733 5.4487%7 0.122 5.3323 5.400 F.667
23 47 .52¢% 55,067 49,800 06 . 433 S0.867 S0.200 49, 2497 57.287 a0.52%3
24 936.000 {342 322 997,333 1287 .4867 icre. 332 1368 . 200 1206.9000 1162 .667 1326 .000
23 1.598 2. 228 1.863 1.67¢ 1.698 £2.280 1.980 i,.937 2.210
23 50,4667 57 .400 He. 732 B3, B33 67 . 732 651,400 57 .800 T4 .332 22, 13%
27 64.300 65,823 59.487 5@, 4&7 4. 200 a6 . 587 92,3067 32.400 46.000
&8 A6 . 367 4¢ 2467 53.838% 30.200 50,000 45 . 2332 42 .767 £9 . 300 £4 .3067
29 17.333 24,123 22,1323 24 . 267 25.6487 21 . 800 18,467 24, 200 21.467
319 2,132 11.800 10.167 8. 267 12.3383 9.457 e.0a7 8.233 7,133
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VARIABLE VARIETIES

io 11 12 13 14 15 1o 17 18
1 10.300 11.932 11 .73% 18,0633 10.567 17.138 11,333 11.5300 13.033
2 71.800 6,833 22,067 9. 933 6©5.467 64,000 76.200 79.000 B2 .600
K] 4,533 5.200 6.922 6,200 6.8867 6.267 4.93z §.52z §.200
4 4.200 5.600 9,800 7.200 6.287 6.457 3.000 5.733 6. 467
3 73,267 ©2.867 140 . 7332 1%5.467 92 .600C 109,200 £2.600 96 . 200 120.723
4] 1990 . 6587 2004 . 3233 2292. 687 3547 .667 2396 . 667 1814, 333 2018.000 2362, 333 2481, 237
7 2.318 3. 3240 3.821 5,613 3.995 3.024 Z.2658 .887 4._152
2 91.687 127 .4867 96 . &87 113.000 67 . 233 96 . 567 103.6587 72.000 92.333
9 36 .00¢C 25,667 28,232 56.33% 26 9567 20,333 28,333 44 000 SS.E867
10 11.123 16.733 15.400 17,333 11,332 24 532 14, 467 11.333 13,267
11 12.000 18,173 15.800 14.890 22.167 25.6067 12,503 18. 787 16 . 5860
1z 1.733 2.400 3.857 3.687 2.400 3.2a67 & .487 2687 ) 4,133
12 H.463 3.227 2.950 5.697 4. 480 7.47 3 3.327 2,363 3.883
14 2,287 02,133 102, 6497 119,733 83.700 Q3,533 75.857 132,500 22.8500
k] 23.2a87 36.13C% 40,900 15.9%0¢C 345,487 25.532 22.967 24 .B67 47 . 787
15 71 R3Z T?.2067 68,487 7. 633 74,0867 74 .07 T4 . TEXR 7L .200 TE.500
17 39,847 41,087 29,0487 53,400 23.7383 43 .667 4. 487 42 . 132 45.457
12 20,4687 27 .0090 a0 . 887 29 .000 27333 28,233 27 .687 26 .000 28 .050
L9 93 .332 162,000 112.3383 102,332 94 .667 10V . 233 96,3233 97 . 000 108 . 000G
20 50.267 49,500 26.067 F3.4600 46 . 400 27 .067 42, 43R 52.9332 5¢.4040
21 24,333 31.887 31.43% 43,232 258.33% 28200 26,2233 23,333 36 .300
22 4.400 5.067 8.087 3.400 6. 257 5. 7az 4.933 4.400 3.0040
23 49,233 48. 200 79.600 52,932 37 .600 26,838 47 132 56,232 49 . 932
24 123538, 009 1939 .33z 1330 .667 1285 . 33z 1460, 000 Q44,333 1158, 333 1400 .67 964 .0Q00
25 4.4089 1.768@ 2,168 2.3008 Z.422 1,874 1.925 2.335 1,867
26 Q7. 800 S2.867 26.400 83,733 64,300 56 .467 S7.73%3 i.832 27 .000
27 67 .567 62,3287 63.500 1,433 65.600 64 433 6i.3a7 S7Y . 833 64,3267
28 48 . 230 G0, 167 34,300 14 467 31,3867 S2.E23k3 42.5687 42,3523 430 .33
28 15.600 19 . 267 16.583 29 . 400 16.067 26 .35323 15,467 19.8a7 20.20¢0
20 7.3687 g.203 2. 432z 12 73z 7.800 12.740 a.53z3 2,200 oL 233
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VARIABLE VARIETIES

i¢e 20 21 22 232 24 29
1 12.600 16.400 15 .8633 14,032 11.532 12.600 14.100
2 62.667 TR.867 61 &67 22,267 20,200 68 .4600 66 .8267
z 9.732 7.687 6.087 2.087 6.333 65.600 6.067
4 10.200 7.800 6.267 11.667 6.0a2 6.V33 7.247
g 131,287 135.800 1i12.0867 167 . 667 109.9633 T7.138& 90 . 400
6 2332 . 333 2336.004 2619.333 4421.000 2805.223 1939.000 2260 .667
7 2.88% 2.927 4.2369% 7.3468 4.84Z 3.232 3.768
g 328,333 86 .667 82 .667 117.600 139 . 222 108 .000 172.000
9 Z1.000 45 .333 80 . 8867 53,3323 532 .000 55.000 52.000
10 16.667 15.600 14. 733 15.000 14,000 14.600 12,1323
11 19.010 223.8610 16,.78& 12.7a7 10,0332 12.487 16.9123
12 1.4a23 5.4409 4.623 5.%3:3 2.467 S.3232 Z.087
i3 11.340 2,437 Z.02x 2.05¢0 5,907 2.180 9.890
14 8e. 367 115,287 184,100 117,200 82 .32¢8 160,087 75,0337
i35 4V .332 43.900 29 .367 47 . 600 4¢.500 34,532 36,93%
16 4,900 Y4733 72.7322 57.500 6% . 367 T4 . 700 57 .967
17 50.400 St.z267 32.267 74 600 54,407 28.267 sS4 .7T23
18 22.000 27.000 22,332 20,333 7 .667 22.667 27.667
19 g9,333 103.000 104,332 110.000 106 .667 63 .967 97 .000
30 47,267 42 .4a87 47 . 533 17,400 46 . 532 51 .000 30,067
21 43.200 4¢.332 39,3223 52.867 282,487 41 .8040 47 . 7232
2z 9. 333 6.3a°7 5.733 £.267 5.732 5.533 H.333
23 84.4090 68,087 34,867 £5.400 54,667 43 . 000 56.800
24 1296 .€687 1201 . 667 1318 . 657 2249 ,323 1430 .667 1206.0090 1468 . 3353
23 2.494 2.003 2.1¢68 O 2.3284 i.93¢0 2.44%
24 52.3867 67 .404% $0.400 76 .087 69 .000 B . 728 57 .27
27 71.3233 64,2587 66 . 367 59.700 60 . 4373 55,232 67 . 100
28 43. 4467 47 .067 49 3487 3 .1900 43 . 200 41,622 432.200
29 18.887 25. 467 23.523 22.633 i9.12x3 16 . 933 21.087
30 £.2490 12,267 11.2207% 84587 a 933 12,1323 ©.533
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VARIABLE VARIETIES

aa is 30 21 a2 gz a4 a5
1 15.467 13.800 14,6867 11.300 13 32 14 867 17.400 1z2.000
2 g1 .4a00 80.867 TV .O200 77.200 T2.E800 57 .233 72 .2Q0 75.33¢8
3 82.8a7 5.833 5.467 5.000 5.5832 9.832 7.123 5.867
4 10.200 9.2367 5.800 3,299 5.600 8.400 7.267 6.000
a 165 .800C 110.932 86 .6967 S4.73%2 95.800 105 . 7323 108 847 v . 733
& £313.687 2704 .333 1922 .667 1342.000 2232 .667 22209 .233 2248 667 2189.000
7 7.189 4.50%7 2.205 2.070 3.721° 3.7196 4.780 3.858
2 106.333 80.667 27 . 6487 78 .3233 103 .667 106,323 112,000 80.000
9 40 . as7 46 . 667 56 .G00 39,333 49 . 657 50.667 4G, 333 29.6487
10 14.400 16.200 16.000 10.367 16.8300 12.400 18,267 13,287
11 13.747 20.970 16,313 12, 8822 15.940 10.54Y 15.809 16.92¢C
12 £,067 4.1373 5.000 2,487 T.687 4.000 4. 1a% £.867
1z 2.747 4.100 2.387 4.403 4.583 3.767 4.780 2.69%2
14 117,723 22,267 11 . 623 ICc5 ., 987 e2.840 Q7. 833 89,800 127 .467
13 48,847 38,800 41,933 41.40Q0 24,200 38,400 44 . 833 42.633
16 73.367 T7. 867 78,967 V7,233 76 .0383 73.23% 7?.267 72.1420
17 56.687 42.000 43,000 43,000 14 85867 48 .887 o1 .533 61.600
18 27.000 28,2373 27.000 Ze. 600 28.000 20,000 38, 333 29.667
15 107 .000 100.867 95 .6467 106. 667 102.000 102.000 104,223 104 .867
20 50.525 4e¢.200 G2.8032 49 .1 z2 53,4400 52.6000 &9 487 30.33%3
21 47 200 40 . 800 39,2867 42 .400 4:.9322 50.73% 43 .467 41 . 497
22 a.1az §.2867 5. 23R 5.13283 5.200 5.847 §.847 3.8587
&3 78.733 58,343 97 . 223 47 200 49 . 7322 55.000 60.400 51.000
24 1262 .000 1273 .2333 1272 .000 1025 .667 i159.000 1159, 2323 1373 .6467 1{22.667
29 3.270 2,289 2,120 1. 702 1.932 1,832 2.596 i.88¢9
28 689 1332 8§2.467 64 . 4567 Ti.723 56 .52 89,247 V2.200 62 . 8&7
27 41.567 39.167 G4.833 66 .367 60.400 60 400 62.7322 59,9487
28 48,367 S51.267 47 . 200 46 .35087 45.3233 48 .4867 S52.267 52.000
29 23.087 25,733 22.500 17 .200 21.800 21400 &7 . 800 21.732
z0 11,367 12,333 11.35a67 9.100 10.038¢0 11.200 13.467 G,.3533
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VYARIABLE VARIETIES

a7 23 a9 40 41 42 43 44
1 14.8500 10.100 13,8322 12,200 17.187 12,200 14.633 12,8867
2 79,267 TR .067 72.487 22 323 71,287 70.8667 94 . B33 532.467
3 5.400 5.6a7 9.467 6.38% 6.800 4.800 5.0867 5.400
4 5.800 3.86 0.8¢0 7.600 7.13z 5.2867 5.20Q0 5.467
S 21.3800 103,133 84,600 v . 867 10V . 4867 72.000 09,867 Te.0867
< 1520.887 1862 . 667 1942 . 000 2024 .23 2527 .000 1750. 233 1928 . 667 1676,000
7 2.534 3,277 S.23T 3.374 5.87¢9 32.918 3.314 3.117
2 24 333 109 .000 119.667 20, 238 Y4.,3332 107 . 322 1228 . 322 127 .667
9 58.332 50 .667 50.000 39.000 36 .667 @9 .23z 61,323 65.332
13 10.4467 &.033 12.480 18.0800 14 . 600 11.267 13,132 16.6Q0
11 12,2740 2.902 10.560 22,277 18.400C 11,463 10.117 8,357
12 3.323 1.032 2.4¢00 2.600 2.800 1.667 Z2.600 3,733
1z 3,473 5.3462 3.4487 5.067 5.213 6.947 5.307 2.407
14 158 .333 125,267 932 .632 69,233 119.000 67 .000 117.00¢0 122.087
] 42 .26%7 41.367 24.53867 42.100 49 73& 22.8a7 46,233 43, 267
16 72.800 &5 . T47 78.567 75.200 74,9533 79.400 7Q.T73E3 682,967
17 585.533 36 .6867 48.0Q0 04,733 63.533 39.4H67 55.4967 SZ2.687
1a 24 000 25.3%2 28,0090 29,233 29.667 29,232 4,333 25,009
180 6,000 97 .322 100.000 112,232 97 .000 929 .667 96 . 667 98.667
Ze 57.800 535.667 48,787 32.067 44.533 50.5080 60 .332 B39.8200
21 50.6467 48 . 367 41.067 42.600 432 .867 42,2323 42.600 20,4833
22 5.467 5.467 €.267 §.733 6.532 5.133 4.600 5.200
2z 38 .467 62.600 56.067 51.80¢0 38.13% 49 . QGQ 56 . 332 49,000
24 1105.667 1103, 2392 1144 5867 1071 .333 1827 ,.223 1177.000 i144.667 103232.667
235 1.84Z2 1.088 1.808 1.785 Z.062 1.962 1.908 1.722
26 70.733 G2 .067 62.133 21 .Q867 62.9233 63. 8667 81,0867 41.287
27 69 .267 59,2867 71.100 S57.200 87 .787 TO.623R §2.700 59.1a87
28 43 567 £4 . 233 42.8900 47 . 733 £6, 900 47 .63% 46,100 42,100
29 21.900¢0 17.087 i1e.723 22 .323 25.400 17,287 22,333 21 .23
30 16.567 6.767 10.867 10.000 12.800 5.700 10.367 8.867
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VARIABLE VARIETIES

46 47 44 49 S0 51 52 532
1 15.300 16,800 - 21.200 18.487 18.532 1z2.833 20.032 182.087%
z 71.467 72.000 81,267 79.300 80.000 57 7323 62,4467 72.000
ic 3.087 7T.200 39.867 6.067 5.200 6.13% 5.400 6.200
4 5.267 7,267 7,267 6.267 6.400 6.467 5.733 6.8667
S g1 .93z 12¢. 2233 125.93233 84 533 @7 .200 95.400 72.400 108,267
6 1802 .200 Q137 .233 2430 .667 2533.000 243556.000 2025.687 1492 223 2605.667
7 2.003 ' 5.282 5.755 4,222 4.089 2.374 2.807 4.44%
2 89 .667 112.687 133.000 126 .000 96 . 2333 63 .000 £H59.333 102.667
9 34.000 42,333 ¥.6867 54.333 53.000 51 .667 25.000 56 .000
io0 i5.667 18,267 20.800 14,067 16,3532 10.600 15.287 21 . 467
i1 17 .3223 15.84%3 15.870 11.280 17,200 10,957 23373 16.70Q7
12 5.400 7.333 4,532 2.133 2.867 3.400 2.400 4.267
1z 2.817 2.561%7 4.360 2.80v 4,977 2.330 7.270 5.1867
14 151 . 467 108.333 20 .400 125.2232 94 . 2332 121,500 a7 .300 83.200
15 28.367 42,133 36.167 20 . 733 $9.067 40.867 aa . 200 41.387
i 70.700 70,4232 21.4060 61.133 76.067 V4,533 V3.167 73.467
17 43,2223 56,000 70.200 75.467 64,287 2.4a7 36.667 68 9533
18 28.000 25.667 25.000 28,3222 29.000 28 . 000 22.000 30.333
19 105.667 104.000 105.000 101 .000 111.000 109 . a67 102.3857 Q. 333
29 50.600 52.400 449 533 Sa.200 2,087 43 . 923 I0. 067 50.923
21 24.0090 42,257 46 133 37 .200 41 400 20,723 42 .5C0 44, 587
22 5.000 5.8¢0 §.322 5.867 5S.6420 9.733 3.200 3.400C
23 49 .93z 57 .2Z8 58 .000 51 .4967 51.647 5S4 933 44 522 353.600
24 10687 ,.300 1296 .323 12361 .000 1342, 3233 1305.667 1165.238 891, %23 1247 . 667
25 1 28 2.327 2,101 2.570 2.1796 1.629 1.502 2.248
20 56.933 £6.732 72.400 50.133 59 0467 S9.6467 95,7323 55 . 322%
27 60 .000 54 . 667 75.500 96 .357 52.0867 §1.522 67.200 59.433
28 45 .0287 47 787 a7 . 8233 531 100 482,200 46 32332 5:1.487 435 .400
29 23.532 30.667 22.200 2,867 27.323 20.800 28 . 9353 20.400
20 10,3487 13.0567 15,887 131,300 12,507 9.600 15.0867 12.2567
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VARIABLE VARIETIES

55 54 57 53 59 &0 g 61
1 14.523 16.433 15.700 132.567 13,367 12,8600 14 . 267
2 94 .800 102. 232 23,067 &2.a87 76,000 60,533 61.200
3 5,800 6.067 65.200 6.607 5,867 5.200 5.867
4 7.000 ’.3233 6.A467 7.667 6.122 5.487 6.200
5 113. 023 138,733 1158.200 1668 .600 104.087 g2, 1322 75,533
5 3205.667 2237.00C 2089.867 4019.667  '2501.000 1200.233% 18¢1.000
7 5.402 5.305 4,803 5.689 4,158 2.15¢% .151
8 B0 6687 96,667 124.6867 123.333 va.000 67 .332 136,353
9 40 222 5T .667 41 . 657 50.333 21.000 52667 48,667
10 17,740 16.267 17.867 18.400 14 . 533 14.467 1i2.932
i1 17 .78&¢ 19.9030 14.213 12.623 16,882 21,307 .44
12 4.06a7 4,000 4.322 2.533 3,467 1.800 1.52¢8
13 4. 3257 4. 243 Z.967 4.860 4.187 2.020 8,870
14 §6.000 i46.067 22, 267 104,487 g3 .023 78,600 24,700
15 22,100 %8.000 30,133 45,067 26.800 9 .567 26,267
18 76,267 ED 787 ve. 100 72,467 A Rk 57.867 56 . 3323
17 57 . 467 71,200 87 . 687 57 .13% 45,400 52.267 49 8867
18 28, 3%3 27 857 22 . 667 26.0040 29 . 8567 26000 28 .G6487
19 106.000 114,000 108.332 111.323% 109.000 095 857 e8 . 0C0
30 &0 200 50,800 59,333 14,200 50 . 800 37,8267 48,333
21 50.400 47 . 0BT 30.400 9,467 a0, 7aa %1.867 38.600
a2 E 867 §.523 5.232 6.123 5.8867 5 200 & .B67
22, 52.400 71L.03%2 5%.600 530 . 267 52,000 46 .600 52.867
24 1815 . %23 1672.2333  1251.000 1444,.000 $27i.687 1261 .667 1321.667
25 z.582 2.787 3,252 2.408 2.119 2.103 2,202
26 23,.73z% 08 . B33 7i 800 72.400 56.667 59,267 51,467
2% 64,867 61,4867 62.032 57 .233 60.187 52,400 64 . 800
28 48 %00 42,9033 51,233 348 . 867 5Q.187 50,0323 52.767
20 22,400 208200 25.087 23,800 22.200 21 .467 21.400
30 11.167 11.4867 12.267 @, 8467 10,323 T.L2G7 2.100
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AFPENDIX - GENOTYPIC COERELATIOMN MATRIX : DATA B

1 2 3 4 3 5] 7 a a 10 11 12 1z 14 135 i6 17
1 0.185 0.068 0.015 0.090 9.347 0.365 -.262 -.134 0.456 0.442 0.357 -.158 0.014 0.15% 0.207 0.*19
2 0.1985 0.094 0.214 0.518 0.602 0.597 -.06% ¢0.124 0.120 0.9082 0.237 -.360 0.248 0.411 0Q.156 0.609
3 0.068 0.094 0.954 0.807 0.556 0.556 0.025 -.265 0.216 0.088 0.452 -,166 9.019 0.439 -.195 0.491¢
4 0.015 0.214 0.654 0.888 0.610 0.611 0.097 ~.176 0.242 0.067 0.415 -.15! 0.016 0.369 ~.183% 0.583
5 0.090 0.018 0.207 C.g88a8 0.¥%52 0.752 0.4908 -.034 0.335 0.152 0.544 -.3224 0.048 0.465 —-.014 0.72¢%
6 0.347 0.603 0.558 0.610 0.752 ' 1.000 0.159 0.007 0.287 0.010 0.438 -.372 0.061 0.506 0.007 0.746
7 0.263 0.397 0.3556 0.611 0.752 1.0C0 0.167 0.01& 0.282 0.005 0.436 -.377 0.067 0.514 0.4002 Q. 732
2 ~.26%Z -.065 0.025 0.097 0.008 0.159% 0.167 0.221 -.126 ~-.743 -.023 - 9 -.104 ~-.059% -.188 0.152
9 -.124 0.124 -~ 265 -,175 -.034 0.007 0.012 0.221 -.182 ~.26%V -.093 0.01y 0.254 0.07V1 -.238 0.322
10 0.456 0.120 0.214 0.242 0.335 0.287 0,283 - 6 -.182 0.7239 0.172 0.342 - 577 242 0.3685 (.0V7VH
11 0.442 0.082 0.088 0.067 0.152 0.01{0 0.0058 ~,74% -, 267 0,729 0.048 9,322 -.316 -.130 £.322 ~-.119
12 0.357 0.237 0.452 0.415 2.644 0.438 0.438 -.0282 - . 083 0.172 0.048& -7 0.219 0 251 0.100 0,483
1% -, 152 -.360 -.166 -.151 ~.324 -~ 372 - 377 -.059 .01y 0.242 0.322 -.75 ~. 630 -.835 -.105 ~-.433
14 0.014 0.248 0.019 0.015 0.049 0.06 0.067 -.104 0.254 -.977 -.31i6 0.319 -.650 0.492 -~ . 3185 (0.386
13 0,151 9,411 0,436 08.369 0.465 0.306 ©.514 -.058 9.071 -.242 - 130 0,251 -, 3235 0.492 -. 182 D.G64d
16 6.207 0.4156 -.195 -.183 -.014 0.007 0.002 -.188 - ,238 (0.2366 0.222 0.100 -.105 —-.218 —-.184 ~.288
17 ©.218 0.602 0.491 0.592 0.72&6 0.746 C.75% 0.152 0.322 0.076 -.110 0.48% -.43% 0.286 0.564 - 328
18 0.104 0.032 0.45% 0.554 0.485 0.312 0.302 -.082 -.214 0.525 0.2335 0.17 D.016 -.435 -.090C 0,105 0.278
18 0,233 0.546 0.230 0.498 0.653 0.451 0.4486 -,052 138 0,291 0.220 0,442 -.39¢ 0.106 0.212 0.211 0.49
20 0.200 0.480 -.266 -.376 -.27S5 0.048 0.040 0.216 .02 ~.42Y - . 410 0.151 -.429 0.472 0.25% 0.080 0.12¢
21 0.393% 0.3568% 0,438 D.451 0.24%7 O.615 0.632 0.316 -, 03% -.0Q087 -.234 0.114 -, 288 C.262 0.625 0.022 0,848
22 -.127 0.019 1.01 1.037 0.847 0.5307 0.307 0.074 -.239 0.077 -.009 0.350 -.121 0.05¢ 0.2%1 -.28% (.524
2% -.188 0.207 1.007 1.060 0.899 0.63% 0.63% 0.026 -.102% 0.0324 -.002 0.382 -.230 0.201 Q.4237 -.267 0.625
24 0.206 0.354 0.529 0.%13 0.542 0.984 (0.986 0.265 0.010 -~ . 026 ~.180 0,100 -.204 0.163 0.482 -, 247 0.608
25 0.208 0.348 0.498 ¢.421 0.516 Q0,977 0.978 . 260 0.008 -.030 -.183 (C.174 -.280 0.158 0.478 -.241 0.584
26 0.186 0.9585 -.0232 0 28 0.42% 0.53% 0.522 ~.179 0.15&% 0.09x 0.15! 0.17& - . 340 0.304 0.390% 0.235 0.412
27 0.378 - 272 -.0681 -.126 -.313 ~.213 -.217 0.136 -,15% 0.196 - . 032 -, 340 0,462 - 383 - 248 0.230 -.425
2% 0.223% 0.026 0.15! 0.210 0.1968 6.176 Q.167 -.139 -.325 0.158 0.205 0.310 —-,131 -.185 -.099% 0.004 0.0
22 0,792 0.488 0.14% 0.140 0.307 0.480 9.501 -.241 —-.029 0.4i0 9.465 0 2 -.3¢4 0.274 0.2865 0.012 o.62
30 0.905 0,275 -.025 -.038 0.089 0,201 0.2312 -,195 -.149 0.5590 0.426 0.20% -, 129 —,137 0.010 0.601 D.1
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Appendix

The solutions o communeliiy ohtained from the last two iterations
principal factor analysis - data B
a) Envirenmental correlation matrix of order 23.
(Three facilor case? (Four factor tcase)
21st iteration 22nd itersztion 34th iteration 25th iteration
.B8236079 82586260 .7812488 .7512483
.721535¢2 T215351 . 73055309 .7395538
.T2B7BZS .7387631 .78356812 .7R2541 4
7081285 .70B12091 6781363 . G781364
187738 7167769 .56927549 . 56927544
.7121985 .71831897 .71%24808 .¥124804
. 4307155 LAZ207160 LAZT0122 .4270121
.54694836 .54608048 .5623713 .59623718
L, 1811031 18110322 .1809953 .18099052
.016898125 .0186125 .18487v7360 .1387336
.0112103 .0112105 .0R22683 .0822870Q
.0156012 .0156812 .01801t 357 .0160128
3365437 . 3265438 . 2362781 L BIB2TTVO
.078515¢9 0765159 .51431401 6148160
.02003581 .08003290 .53807329 .0807262
.L45a24117 .A592101 .BRB7T18 .B287T710
.25220%36 .3522041 .4024759 LAD3ETH2
.4421688 .&£4316209 .47973250 ATV 362
6606802 . 60906268 .871%76902 67176883
.02813252 .0291358 .0285321¢ 0285214
.0322099 .0333099 .D206529 0Z065Z20
.9136124 .B91236133 .894786414 BAT7H426
. 2263461 .83853465 . 85268281 85263288

of




b)Y Environmeoential correlaztion c) Genotypiec correlation
metrix of order 15 matrix of order 15

50th iteraztion BGth iteration £9%th iteration 30th iteration
.4423744 . .443731 .627802 .627801
.983211 .583219 817371 .817700
.T13760 .7T1IETE2 .Q21221 .02tz221
L. A64934 .464035 . 137679 137879
.562969 L.S62870 .BT7260 .B7T258
. 188620 . 188620 . 369474 .389474
.075378 .073578 L BE7E24 . 8867524
.236827 .336827 L 7T81261 L.781360
LTE81LT7 .71e181 .B833713 .632714 )
. 75068289 .T556887 557222 .B57221
L, 2753281 L 273374 26524 . 696392
.209087 . 20808 SREC27 .326025
,040911 .040911 433645 4338644
0201490 .D0201196 .158528 .1595528
.7a0ge4 .790885 1.001245¢9 1.001868




a2

ARPENDLIX  — V. Do Ualues based on 195 variables srran el
in asncending order — data 3.
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APENDIX 13
COMPUTER FPROGRAMMES (BASIC) USED FOR THE ANALYSIS
The computer ﬁrogrammes appended here zre specifi-

cally written for the analysis of the present
study using Versz-IWS system installed at ihe

College of Veterinary and Animal Sciences,
Mannuthy.

The first program - Program for Analysis of Dispe-
rsion - will split the totzl dispersion into com-

poneents and the ‘within’ and "hetweon” disper-
sions will store in files "EHRORCOV" and "BETCOV"
respectively. The variety means will save in the
iile "VTYMEANS". Further the g¢genotypic coverian-
ces can also be estimated and stored in the file
"GENQCOV" |

The second program is intended for withdrawing the
rows e2nd columns of & symmetric matrix. Th= third
program can be used for either Prinecipal Component
‘Analysis or Principal Factor Anaiysis. When the
program is ‘run’ for PFA, it can »he stopped at any
stage of the iferztion; the ‘reduc=d correlation
malrix”’ obtained for the previous iteration wiil
be stored in “CURRENT’. The remaining iterations
can be carrvied out by inputing "CURRENT", when the
machine 2sks "FA CORRLN MATRIX FILE MNAME".

The D-square values are computed by the execution
of threes programmes - Program 4, S, and 6. The
program 7 was used for inverting the "V-matrix’.

.
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100
110
120
130
140
150
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170
180
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250
260
270
280
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300
210
320
330
340
250
360
370
380
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400
410
420
430
440
450
450
470
480
490
500

1

REM PROGRAM FOR ANALYSIS OF DISPERSION
DIM X(30,200).,8{(2Q R{30,38),¥(20,70),7(30,30)
DIM D(30,30),8420,320) W{(30,30>
INPUT "NO OF VARIABLES";P
INPUT "NO OF TREATMENTS!;V
INPUT "NO OF REPLICATIONS";Q
INPUT "DATA FILE NAME" ;F$
INPUT "TITLE";T$

FOR I=1 TO P

S(I)=0

FOR J=1 TO Q

R(I,d)=0

NEXT J:NEXT I

OPEN "1I" , #1,Fs

A=VX(Q

FOR I=1 TC P

C=0

L=0

B=0

FOR J=1 TO A

INPUT #1,%<¢I,T)

C=C+1

S¢IN=S(IXY+X{(I,T)
R(I,C)=R(I,Cr+X<{I,T)
B=B+X(I,J)

IF C=Q THEN 270

GOTO 310

C=0

L=L+1

¥Y(I,L)=8

B=0

NEXT J

NEXT 1

FOR I=f{ TO P

FOR JI=1 TO P

T¢I, J)»=0:8B¢(1 ,J2=0:DC1,JT)=0
FOR K=1 TO A
TCI,J)=TLI , Jr+X(I ,Ky»X(J,K)
NEXT K

FOR K=1 TQ V
BCI,J)=B{I,JY+¥({I , K)»¥(J,X)
NEXT K

"FOR K=1 TO ¢

DCI,JY=DCY,J)+R{I ,KI¥R(T,K)
NEXT K
TCI,F)=TC(I,T)-8(I)Y*S(JI) /A
B(I ,J)=B(I,TF)Y/Q-S{I)*8S(J)/A
D(I,JY=D{I,J)/V=-SUIY%¥S{JI>/A
W(I,Jd)=T(I,J)»~B(1,J)-D(1,dT>
NEXT J

NEXT I

v




510
520
930
940
5560
a70
580
580
600
660
680
690
700
783
710
720
770
7a0
720
200
810
820
830
840
850
869
870
2an
8590
900
910
620

FOR I=1 TO P

FOR J¥=1 TO P

WOI, TY=Wi{l J2/{(Q-11%(V=-13)
BOI,J)=BCI, T)/(V-1)

NEXT J: NEXT I

FOR I=1 TO P

FOR J=1 TO V

YOI, I)=¥(1.3¥/1Q

NEXT J: NEXT 1
V§="VTYMEANS": WS$="ERORCOV": B$="BETCOV"
OFPEN MYOU",#2,Bs: OPEN "O",#3,Ws
FOR I=1 TO P: FOR J=I TQ P
PRINT#2 ,B(I,T)

PRINT #23,W{Il.,dI)

NEXT J: NEXT I

CLOSE 2. CLOSE 3

OPEN "O".,8#2,VS$

FOR I=1 TO P: FOR Jd=1 TO V¥
PRINT #2,Y(I,J) '
NEXT J: NEXT I

CLOSE 2

FOR I=1 TO P:FOR J=1 TO P
DCI,I)={BLI , JX=-W(I, T))/Q
NEXT J:NEXT I

GG s ="GENOCOV"

OFEN "O", #3,GG5

FOR I=1 TD P:FOR J=I1 TO P
PRINT #3,D<(I,I

NEXT J:NEXT I

CLOSE 3

STOP

END

Lvi



2

S REM PROGRAM FOR REDUCING A SQUARE MRTRIx
19 DIM RA{30,30),B(30,302
20 INPUT "VAR, MAT. FILE";F%
30 INFUT "NO OF VARIABLES":;F
25 IMPUT "REDUCED MATRIX SAVING FILE";T$
40 OPEN "IY,#1,F5
30 FOR I=1 TO P:FOR J=1 TO P
50 INPUT #1 ,A(I,J) : NEXT J: NEXT I
70 INPUT "DELETING COLUMN" ;K
a0 Pl = P-1
85 T=0
a0 FOR I=1 TO P! : FOR J=1 TO P
100 IF J = X THEN 12320
110 B(T,JI)=A(C(I,J) : GOTO 170
120 IF 1 »= X THEN 1409
130 BLI,J)=A{I,J+1) : GOTO 170
140 BC(I ,J)Y=A(I+1,T3+1)
170 NEXT J:NEXT 1
175 T=T+1
180 INPUT "NEXT COL.NQ. TO BE DELETED 0 FOR STOP"; K
190 IF K = 0 THEN 220
165 FOR I=t TO P{ : FOR J=1 TO P!
196 A(I ,J)=B{I ,J):NEXT J : NEXT 1
187 K=X-T
200 Pi=P1-1
210 GOTO 90
220 OPEN "O",$2,7
240 FOR I=1 TO Pl : FOR J=1 TO PI
230 PRINT #2,B(I,J) : NEXT J: NEXT I
260 CLOSE 2
270 STOP
280 END

=




S

10
11
12
13
14
15
20
21
22
2z
24
29
30
23
37
40
43
46
47
48
50
60
70
g0
a5
aa
95
160
105
106
107
108
11¢
140
150
160
170
190
200
210
220
230
240
250
260
270
280
290
300
310
320
330
240
350

Lviii

3

REM PROGRAM FOR FRINCIPAL COMPONENT/FACTOR ANALYSIS
DIM R{30,30),A(30,30),D{20,20),V{30,30),E(20,30)
DIM D1(30,30),D2{30,230),2430),MM(30),C{30,20),B(30)
REM FA COR. MAT. MEANS THE COR. MAT. WITH
REM INITIAL COMMUNALITIES IN THE DIAGONAL
INPUT "FA CORLN MATRIX FILE NAME";F$
INPUT "ORDER OF' FA CORLN MATRIX";N
INPUT "ORIGINAL CORLN MATRIX";RS$
INPUT "FOR PCA, GIVE 1";Z5
IF Z5 ¢» t THEN 235
M=N: IMAX=1
GOTO 37
OPEN"I",#1 ,F&

FOR I=1 TO N: FOR J=1 TO N

INPUT #1,A(I1,J3) : NEXT J: NEXT I
OPEN "I",#2,R$
FOR I=1 TO N: FOR J=I TO N
INPUT #2,R(I,J) : NEXT J:NEXT I
FOR JF=1 TO N: FOR I=1 TO J
RC¢F,I)=R{I,J) : NEXT I: NEXT J
IF 25 = 1 THEN 107
INPUT "MINIMUM NO OF FACTORS REGUIRED" ;M
INPUT "MAXIMUM ITEERATIONS REQUIRED"; IMAX
FOR I=1 TO M : FOR J={ TO N
IF I {> J THEN 90
DI(I,T)=1 : GOTO 95
D1(1,T)=0
NEXT J: NEXT 1

INPUT “PREVIOUS ITRN";ITRN

ITRN=ITRN+1

GOTO 110

FOR I=1 TO N:FOR J=1 TO N

ACI,J)=R(I,J):NEXT J:NEXT I

SW=1 .

IF SW=0 THEN 220

FOR I=1 TO N: FOR J=1 TO N

IF I<{>J THEN 200

VI, Iy et

GOTO 210

V(I,JTr=0

NEXT J: NEXT I

NR=0
MI=N-1

FOR I=1 TO MI

P(I1)=0

MI=I4+1

FOR J=MJ .TO N

IF P(IY>»ABS(A(I,JT)) THEN 210

P{IY=ABS(ACI,J))

MM(I)=J

NEXT J: NEXT 1I

FOR I=1 TO MI

IF I (= 1 THEN 250

IF PMAX >P(I) THEN 380

PMAX=P(I)



360
370
280
390
400
410
420
430

440
450

IP=1

JP=MM({I)

NEXT 1 .

IF NR=0 THEN EPLN=ABS{(PMAX)* 000000001 %
IF PMAX {= EPLM THEN 123D

NR=NR+1 .

IP ACIP,IPY >»=RA(JP,JPY» THEN 45C

TN = -2¥A(IP,JP)/(ABS(AC(IP,IP)-A{(JP,JTF))+
SOQR{(ACIP,IP)-A{JP,0P>)"2+4%R{IP ,TJPIAZ) )

GOTO 450

TN = Z2¥A(IP,JP)f{(ABS{A(IP,IP»-A{JP,JPY )+
SQRL(ACIP,IP)-A(JP ,JP) ) 244 *%A(IP,TPYN2))

CS=11/80QR{1+TNMNZ)

SN=TN#%*CS

AI=A(IP,IR)

ACIP,IP =C8A2% (AI+TN®(22A(IP,TPY+TNYA(TIR, TP} )

"A{JP,JIP)=CS 2% {(A(JP ,JP)~-THNR{2%ACIP,JP)-TN&AI) )

ACIP,JP)=0
IF ACIP,IPY »= A{JP,JIP) THEN 620
TT = A({IFP,1IP?

ROIP,IP)=R{TR,TE}

ACJTP,JP=TT

IF SN = Q THEN 580
TT=CS

GOTO 600

T -C8

CS = ABS{(SN)

EN = TT

FOR I=1 TO MI

IF SGN{I-IPY= -1 THEN &60
IF 8GN(I~1PY=3 THEN 700
IF I=JF THEN 7090

IF MM(I)=1P THEN 63890

IF MM(I}? (> JF THEN 780
K=MM(I)

TT = A(1,XK?

A(I  K)y=0

MY = Is+1l

P(I)=C

FOR J=MJ TO N

IF P(I) } ABS(A(I,J)) THEN 77Q
P{I)=RBS(ALI,JT)
MMCI ) =T

NEXT J

ACI , XK)>=7T

NEXT 1

P{IP)=0

P(JP)Y=0

FOR I=1 TO N

IF SGN(I-IP)>=0 THEN 1!50
IF SGN(I-IP)=! THEN 650
TT=A{I1,1F}



860 A(I,IP)=CS%TP+8N%A(I,JP?
870 IF P{I) »= ABS(A(I,IP)) THEN 0800
80 P{(I)=ABSB(A(I,IPF))

390 MM(I)=IF

800 A{I,TIP)=-SN¥TT+CS¥ACI ,TP)

910 IF P{I) »= ABS{A{(I,JTP)) THEN 11358
520 P{(I)=ABS(A(I,JPH) '

930 MM(I}=JP

840 GOTO 1150

850 IF SGN(I-JF)=-1 THEN 989

560 IF SGN(I-JP)=0 THEN 1150

870 1P SGN(I-JP)=1 THEN 1060

980 TT=A(IP,I)

090 A(IP,I1)=CS*PT+8SN*A(I , 6 JP)

1000 IF P(IP) »= ABS(A(IP,I)) THEN 1030
1010 PCIP)=ABS(ACIP, 1))

1020 MM(IP)Y=1

1030 A(I,TP)=-PT%8N + CS*A(I ,JP}

1040 IF P(1)>=ABS(A{I,JP}Y) THEN 1150
1050 GOTO 920

1060 TT= A(IP,I)

1070 A(IP,1)=TT*CS+SN,R(JTP,I)

1080 IF P(IP) »= ABS(A(IP,1))> THEN 1110
1080 PC(IP)Y=ABSCA{IP,I))

1100 MM(IR)=I

1110 A(TP,1)=~TOXSN+CS*ALIP, ]}

1120 IF P(JP) »=ABS{(A(JIP,I)> THEN 1150
1130 P{(JTRP)=ABSCA(TF, 1))

1140 MM(JP)=1

1150 NEXT 1

1160 IF 8W = O THEN 320

1170 FOR I= 1 TO N

1180 TT=V(1,IR)

1180 V(I ,IF)=TT*CS+EN*V (I, TP}

1200 V(I ,JE)=—TT%5N+CS*V(],JTP)

1210 NEXT 1

1220 GOTO 320

1238 FOR I=1 TO N

1240 B{IdD=A(I,1)

1250 NEXT I

1260 IF Z5 (> 1 THEN 1240

1279 OPEN "O",#3,"LVECTOR®

1280 FOR I=1 TO N:FOR J=i{ TO N

1290 PRINT #3,V(I,J):NEXT J:NEXT I
1300 CLOSE 3

1310 OPEN "O",%#3,"LEOOTS"

1320 FOR I=1 PO N:PRINT #3,B{I1):NEXT I
1330 CLOSE 3

1335 GOTO 3000

1240 FOR I=1 PO M : FOR JF=1 TO M

1350 IF I _¢>_J_THEN 137
13830 DlI,35eB 1 T ebPb% 1280

1370 D(I,J»=0
1380 NEXT J: NEXT I




1390
1400
1410
1420
1430
1440
1456
1460
1470
1420
1490
1300
1510
1520
1330
1540
1550
1560
1570
1580
1385
1590
1595
1600
1610
1620
1630
1640
1650
1655
1654
1660
1670
1680
1690
1700
1710
1720
1730
1700
1804
1810
1820
1825
1830
1840
1850
1860
1870
1880
18920
18065
1394
1500

FOR I=1 TO M : FOR J=! TO N
E(I,3>=V{(J,I} : NEXT J: NEXT I
FOR I=1 TO N : FOR J= 1 TO M
C(I,J)=0 : FOR X=1 TO M
ClI,JTY=C(I,J)+VLI, K)%DLK,J?
NEXT K : NEXT J:NEXT I

FOR I=1 TO N : FOR J=] TO N
Pb2(I,J»=0 : FOR K=1 TO M
D2(I,3)=D2(I , J)+C(I ,X)Y*E(K,T)
NEXT K: NEXT J:NEXT 1

FOR I=1 7O N: FOR J=1 TO N

IF I ¢ J THEN 1820
A(I,J)=D2{1,J) : GOTO 1530

A(I ,3y=R{(1I,3)

NEXT J: NEXT 1

§5=0

FOR I=! TO N : FOR J=1 TO N
ACL  J)=R{(1,00-D2CT,J)
58=8S+A{(I,J)%A(1,J): NEXT J: NEXT I

LPRINT "TRACE QF SQUIRED DIFF.MAT.FORE THE ",

LPRINT ITHN;"TH ITERATION ";8E
EPSLN=9.0080900E-06

FOR I=t PO M : FOR J=1 TO N

IF I (> J THEN 1630

DIF = ABB{DI1(I,Jy=-D2(1.,T¥»)

IF DIF » EFSLN THEN 1650

MEXT J: NEXT I

GOTO 1240

ITREN=ITRN+1

IF ITREN > IMAX THEN 13490

FOR i=1 TC N:FOR J=1 TO N

IF I (> J THEN 14230

ACI Iy =D24{T7.3) : GOTO 1460
AR(I ,J3)=R<(I,J)

NEXT J:. NEXT I

FOR I=! TO N : FOR J=1 TO N

IF I (» J THEN 1730
D1{1,J=D2(1,T)

NEXT J: NEXT 1
OFEN"O" ,#3, "CURRENT"

FOR I=i TO N : FOR J=1 TO N
PRINT #2,A(I,J):NEXT J: NEXT I
CLOSE 3

PRINT ITEN:;"TH ITERATION STARTED"
GOTO 110

FOR I=t TO M : FOR J=1 TO M

IF SGN(B{(I>) = -t THEN i&820
NEXT J: NEXT 1

GOTO 1910

M=M=+ 1

IF M ¥ 20 THEN 3000
PRINT"UNSATISFIED NO. OF FACTORS.™
PRINT "ITERATION STARTED FORM 1"
GOTO 110




1610
i920
1930
1940
1950
1650
1670
1080
1890
2000
2010
2020
2030
2040
2050
2000
2070
20795
2076
2108
2106
2110
2118
2120
2130
21490
2150
21595
2160
2170
21829
3000
2014

LPRINT “FINAL RESULTS OF FCAM

LPRINT

LPRINT "NO. OF ITERATIONS TAKENM"; ITRN-1
LPRINT "NO. OF FACTORS "; M

LERINT

FOR I=1 TO M : FOR J=1 TO M

IF I <> J THEN 1990
D(1,J7)=SQR¢(B{I)) : GOTO 2000

D(I,F)=0

NEXT J: NEXT I

FOR I=1 TO N : FOR J=1 TO M

A(I,T)=0 : FOR X=1 TO M ,
ACI,3)=ACI,J)+V(I,K)*D(K,JT) : NEXT K:NEXT J:NEXT I
OPEN"Q", $3, "FLOADINGS" .

FOR I=1 TO N : FOR J=1 TO M

PRINT #3,A(I,J) : NEXT J: NEXT I : CLOSE 3

LPRINT: LPRINT

LPRINT "FACTOR LOADINGS WERE SAVED IN  FLOADING "
LPRINT

LR RINT M e e o o e . 2
LPRINT

LPRINT "“D1 MAT. (PREVIOUS)";TAB(40);"D2 MAT. (NEW)"
PR INT " e o oo e e e e "
FOR I=1 TO N : FOR J=1 TO N

IF I <) J THEN 2150

LPRINT TAB(10);Di(I,J);TAB(SZ);D2(I,T)

NEXT J: NEXT I

PR IN T o o e o e "
OFPEN"O", 4%, "FINALRT" :

FOR I=1 TO N : PRINT #3,8(I) : NEXT I

CLOSE 3

STOP

END

Ixid




16
11
12
13
14
“y 7
18

i
o

30

40

50

60

70

60

100
110
120
138
140
150
160
170
180
160
200
210
220
230
240
250
260
2740
280
290
300
3190
320
220
244
I70
360
400
410
420
430
4440
4350
460

b

REM COMPUTATION OF DSQUARE VALUE
REM THIS PROGRAM WILL TRANSFORM

5 - 1
THE X-MEANS

REM TO Y-MEANE. THE LOWER TRIANGULAR
REM MATRIX USED FOR THE TEREANSFORMATION

REM IS REFERED A5 V-MATRIX.
DIM V(30,30 ,B(30,30) ,VN(20)

DIM A(30,30),X(30,82),Y(30,62)
INPUT "NO OF VARIABLES "; P ;
INPUT "COVARIANCE MATRIX FILE";V$
INPUT "NO OF GENOTYPES" ;M

INPUT "ORIGINAL MEANS FILE";X$
INPUT "Y MEANS SAVING FILE";YS
INPUT "V-MATRIX SAVING FILE";GGS
OPEN"I",#1,¥$

FOR I=! PO P:FOR J=1 TO N

INPUT #1,X<I,J) : NEXT J: NEXT I
GRPEN"I" ,#2,V$

FOR I={ TO P : FOR J=1 TO P

INPUT #2,V(I1,J) : NEXT J : NEXT I
FOR =1 TO P : FOR I=1 TQ T
V{F,1)=V(I,JT) : MEXT I : NEXT J
FOR I=1 TO P : FOR J=1 TO P

IF I=J THEN 210

B(I . ,J)=0

GOTO 220

B(I,J)=1

NEXT J : NEXT I

K=1

VN(K)=V(K,XK): V=VI{K, X

FOR J=1 TO K : A(K,J)=B(K,J):NEXT
FOR J=1 TD P

VK, F)=VI(K,T)/V

B(K,J)=B(K,J)/V

NEXT J

FOR I=K+1 TO P

V=V(I,K) : FOR J=t TO P
VOI,J)=V(I1,T)-V&V(X,T)

NEXT J:NEXT I

FOR I=K TO P:V(I,X)=V{¥,I) NEXT I
FOR I=K+1 TO P:FOR J=1 TO K
B¢I,T)==V(1,T)

NEXT & : NEXT I

K=£+1

IF K (= F THEN 2290

FOR I=1 TO P : Z=SQR(VYN(I))

FOR J=1 TO I

ARCI,T)=A(1,3)/Z

NEXT J: NEXT 1

e

J

Txiidi



470Q
4390
490
200
510
515
S20
320
535
5490
530
560
570
5840

FOR I=t TO P : FOR J=1! TO N
¥Y{I,33=0

FOR X=1 TO 1

YOI, Tr=Y(1,J0+ACI, KY*ACH, 3
NEXT ¥: NEXT J: NEXT I
OPEM"OY , #2,Y5

FOR I=1 TO P : FOR J=1 TO N
PRINT #3, ¥(I,J3) : NEXT J:NEXT
CLOSE 3

OPEN "O" ,#3,G5¢%

FOR 1=1 TO P:FOR J=1 TO I
INPUT §3,A(I .0}

NEXT J:NEXT 1:CLOSBSE 3

END

H

d




10
11
12
13
14
20
20
40
50
G0
70
240
o0
100
110
120
130
140
150
155
150
170
120
1g0
200

REM

5

COMPUTATION OF D-3QUARE VALUES - 2

EEM THIS PRCGRAM WILL COMPUTE TRE

REM D
REM Y

-B5QUARE VALUES, PROVIDED THE
~-VARIABLES ARE UNIVARIATE

REM UNCORRELATED VARIABLES.

DIM Y(¢
PRINT
INPUT
INPUT
INPUT
INPUT
OFPEN"I
FOR I=
INPUT
FOR I=
DI,
FOR K=

DOI,J)=DCI , JI+CY{K,I)=-Y{K, T)I*(V{X,I)=-Y(X, T2

NEXT K
CPEN"O
FOR I=
PRINT
CLOSE
STOP
END

30,862),D(62,62)

"WRITTEN BY MURALI ON 1S5TH JANM 168%™
"NO OF VARIABLES" ;P

"NO OF POPULATIONY;N

"Y MEANS FILE";YS$S

"D2 BAVING FILE" ;DS
"LoE1,YS

i1 PO P : FOR J=1 TO N
#1,¥(I,d) : NEXT J: NEXT I
1 O N : FOR J=1+1 TO N

=0

1 PO P

NEXT J. NEXT I
“,82,D8 .
1 TON : FOR &=I+1 TO N
#e, D(I,J)Y : NEXT J: NEXT I
2

&



10
11
12

-
<

30

40

§0

60

70

£d

g0

100
110
129
130
149
150
160
170
120
190
zo0
2i0
220
230
240
250
20
270
280
290
300

W W W W W W W w
S G (b W W R b
MO O gD OG0 O

©
=1 =3
G o

320
2390
400

6
REM COMPUTATION OF D-SQUARE VALUES

REM THIS FROGRRM WILL ARHANG THE D-SQUARE
REM VALUES IN ASENDING ORDER OF MAGNITUDE.

DIM D(62,62),A(62,62)

PRINT "WRITTEN BY MURALI ON 15 JAN 1&6S&6"

INPUT "B2 VALUES FILE" ;D¢
INPUT "NGQ. OF POPULATIONS" ;M
INPUT "TITLE TO BE PRINT' ;TS
OFPEN"I" ,#1,DS$

FOR I=! TO N : FOR &J=I+1 TO N
INPUT #1,DCI,J): NEXT J.NEXT I
FOR =1 TO ¥ : FOR I={ TO J

IF I=Jd THEN 140
DT, I3=D4{1,J)
GQTO 1350
D{I,J)=0

NEXT I : NEXT J
FOR I=1 TO N: FOR J=! TO N
A{I, J)=1I : NEXT J

K=1

H=1

FOR I=H TO N

IF D(H,X?> {= D(I,K? THEN 230
D=D(H,K):; B=A{H,XK)
D(H,K>=D(I.,X> : AC(H,X>=A{I1,K)
D(I ,X>»=D : A(I,X)=B

NEXT I

H=H+1

IF H ¢ N THEN 200

K=K+1

IF K > N THEN 310

GOTO 190

AS="HEHH% . 4" Bs=#u"

LPRINT TAB(O2);T¢ : LPRINT : LPRINT:LPRINT

K=0

FOR I=1 TO N :E=8 : C=12 ; FOR JT=K+!1 TO

IF I ¢y 1 THEMN 3240
LPRINT TRAB(C+2) :LPRINT USING B¢.J:
GOTO 235&

LPRINT TAB{E): LPRINT USING Bs$;A{(I,J);
LPEINT TAB(C):LPRINT USING A$;D(I,J3;

E=E+12 : C=C+1l2
NEXT J:LPRINT
NEXT I

INPUT G

IF G=0 THEN 450
K=K+2

IF X=56 THEN 410
GOTO 230

K+8

Lxvi



Ixvii

410 FOR I=1 TO N :E=5 : C=12 : FOR J=37 TO &2
415 IF I (> 1 THEN 4290

416 LPRINT TAB{C+2):LPRINT USING B$:J;

417 GOTO 435

420 LPRINT TAB{E>: LPRINT USING BSs;ARi1,J);
420 LPRINT TARB(C): LPRINT USING As;D{(I ., J);
435 E=E+12:C=Cs12

449 NEXT J:LFRINT

445 NEXT I

450 8TOP

480 END



99

100
110
120
130
140
130
170
1849
184
1835
190
200
210
215
220
230
239
249
230

7

REM PROGRAM FOR INVERSE OF THE TRIANGULAR MATRIX
REM THE INVESE WILL SAVE IN VINV

DIM A(30,30),B{(30,30),B7(30,30)
INPUT "ORDER OF THE MATRIX";P

INPUT "LOWER TRIANGULAR MAT. FILE" V4

OPEN "I",#1,V$

FOR i=1! TO P : FOR JT=1 TO F
IF J ¢= I THEN 70

A(I,J)=0 : GOTO 80

INPUT #1,ACI,J)

NEXT J: NEXT I

FOR I=1 TO P : FOR J=i{ TQ P
IF 1 >= J THEN 130

B(I,J)=0

GOTO 190

IF I=J THEN 185

B{I,J)>=0 : FOR X=1 TO I-1
BOL, J)=B(I,3)+ACI, KY*B(K,T)
NEXT X
B(I,T)=-B(I,3)/A(1,1?

GOTO 190

B(I,J)=1/ACI,T)

NEXT J: NEXT 1

FOE I=1 TDO P : FOR J=1 TO P
BT{(I,J)»=B(J,I) : NEXT T : NEXT
OPEN "O",#3,"VINV"

FOR =1 TO P : FOR J=1 TO P
PRINT #3,BT(I,J) : NEXT J:NEXT
CLOSE 3

STOP

END
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ABSTRACT

Fector snslysis, Principsl component snalysis, disceriminent
enslysis, end cluater englysia were corrédd out with o miitl-
variate dete on 30 cherneters of 62 bunch tyre groundrud
verietics grown in uplsnd during khariff 1982 end rice fallows
during summer 1982, Vegstative, reproductive end growth fectors
weee ldentifled us th® causative factors of gemertle divergoncs
in both the envirorments, A holght fector wes slso found o
Wwork with vice follows. The churecters which wsIs nost ameneble
to change due to selectlon in tiwse factows wers idontlfied.
They weze ot found to sgree with ibe results obteined from
dlgcriminent enalysis. However, fuclor analyesls wes found more
rgliable then discriminent snalysls, When fucotyr losadings weye
eutimeted from priﬁeipal componenis, cluctering of cherccters
were found indenticel to those obtzined from fector anelysis,
Diiiexzent pati:ema of faclor loedings waré obtained with gemotyple
~ tnd environment corrélailons, This chowed the erfect of £0l8e
ction on the genotypes, The genceltle distoned arong the varieties
wers not same under both the environments, which mey ettributed
to the prescnce of genotype-envirorment intzraction, The
varieties werc pib'tted egeinst two canonical axcs, and the
contigupus points wore grouped Into ciusters. A hedirarchicsl
ciugtering with weightsd awerage link mothod wos performed and
tha ::.-e_:-sults wore precenisd &s a dendvogrem., Albost similoy
olus&rs of varieties were observed with tie two procedures
of ciustering,



