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ABSTRACT

FacËors affecting single-plant selection procedures were

investigated ín a fíeLd experiment involving smal1, large and unsorËed

seed of a geneËíca1-ly segregaÈing and a pure poPulation of wheaÈ soum

aË three planË spacíngs. Harvest data on eleven agronomíc

characËerístics \^Iere recorded on Índívídual planË basis and subjecËed

to a principal componenË analysis. Fíve princípal componentsr accounting

for over 99% of. the variabílíty in the el-even characteristics were

isolaËed and. interpreted. The two major componefiËs rlrlere termed

yÍeldíng abÍlíty and physíologic homeostasis.

The intrapLot variances for each of the eleven agronomíc

characËeristícs and fíve principal components T^lere independently

anaLyzed by Ëwo meËhods. Results of Ëhe analyses of the princípal

components were ín accord with the results of the analyses of the

agronomic characteristics. It \^Ias demonstraËed ËhaË the major facËor

conËríbuËing to ínËr:aploË variabilíty is wide plant spacíng fo1-lowed by

differences in initial seed size and compeËition due to dífferences

in seed síze. CompetíËion due to genetíc differences T^las found to be

much less import,ant than wide plant spacing as a source of error in

t,he selecÈion nurserY.

The results obËaíned strongly favor the adoption of close plant

spacing ín seLecÈion nurseries and the advísabil-ity of sowíng seed of

approximately the same size in a nursery.
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INTRODUCTTON

Breeding for quantítaËíve cha::acEers 1n cereal crops involves

crossing and subsequent selectíon for superior genoËypes from

segregatlng populations. In a conventional plant breeding programr the

opportuníty for selection is limited not on1-y by the parentaL genoËype

and the síze of. Èhe populaLíon gro!ün ín early generatíons but also by

the abílity of the plants Ëo express Ëheir genotype to a degree

dístinguíshable by the p1-ant breeder. The necessiËy for identifyíng

high yíelding genotypes ín the earlíest, possíble generaËion is obvious,

for once they are l-ost, Ëhey can noE be recovered in subsequent

generations (L98Ð.

The major objectíve. of most plant breeders is to breed for

hígher yield and good qualíty and most breeders use the pedigree

method of selecÈisrl (252). The ineffectiveness of single plant selection

for yíe1d and yield componenËs has been long recognized (13 , L4, L7,

761 101, 2Lg,278). Thís víew ís held by most plant breeders (198)

and ís stressed ín most of todayts ËexÈ books in planË breeding (5,

1-l-2) wÍrh recefit experimenÈal- evídence (198, 252) to suPport 1t. Plant

breeders have, Èherefore, diverËed theír aÈtentÍon to selectlon among

famíLíes of segregating crosses (26) where genoÈype is presumabLy better

expressed in the PhenotYPe.

The ineffectiveness of sÍngle pLant selection has been attributed

to low heriËabílity resulËing from Èhe ínability of a genotype to express

iÈself sufficientl-y in the phenoÈype of one plant due to the confounding

effect of various macro- .and micro-envíromnental facËors. (5, L4, 29,

l-; {'ì't+Yr
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89, L32, 1,46, 185, 234). Of these factors, interplant competitlon

has been ïecognized (37, 68, Lzo, 138, 206, 238, 262, 293, 296) and

wíde pLant spacing has been adopted to reduce íts effect. lilide plant

spacíng enabLes Èhe breeder to dífferentíate more efficíentl-y among

phenoÈypes; but, on Ëhe other hand, involves a deviation from normal

planËíng procedures and may introduce a ReÌf source of non-geneÈic

varíatíon ínËo Èhe sel-ecËion nursery due to Èhe Larger nursery síze

and local micro-envírorunental differences. Increased varíabí1íty

due Ëo wider spacing has been noted in the results of several workers

(2, t-03, l-08, LL7, L66). The performance of a genotype under wíde

spacing does not gíve a reliable predíction of its performance under

cl0se spací:rrg (72, L20, L47, L7r, L75,223,228,2581 268). ft has

been suggesred (97) that selection effícíency for yield míght be

íncreased by íncreasing planË densiËy ín Ëhe selectíon nursery. The

effect of seed síze differences (2, 33, 153, L54, 1-51, 284) and íts

índirect effect as a source of interplant compeËition (19, 33r 37,

LI7, L52) were also demonstrated to contrÍbute to non-geneËic

varÍabí1Íty. These may be correcËed by sorting the seed accordíng Èo

slze or weÍghÈ, and planting only seed of approxímate1-y Ëhe same size

Ín each nursery (33, 37, 150, L52).

Very f.irÈl-e is known about the distríbutíon of yíeLd and yÍeld

components of single plants of cereal croPs under space p1-anted

condítions. The observed variability in a selection nursery is the

combíned effect of the genotypíc differences, the envírorrnental

differences and their interacËion. GeneËic-envirormtenÈal ÍnÈeractíons
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whích result in subtle but nevertheless ímportanË varíations ln mícro-

environment have received increasing aËtenËion in recenË years, both

experimenËally and analytical-ly (40, 43,53, LL7, I48, L77, LgI, 2L5). ,,,,:.,,;., ,',,:''',.. ..': ,'

The environmental dífferences may ínclude: variation due to compeËition

of unlíke genoÈypes, variaËíon due to dífferences ín seed síze, varíation

due Ëo CompetiËion of unequal seeds and variâÈíon dUe Ëo micro- '', '..' ,.',:,'.

envirorunent resulting from wide plant spacing. ""'¡'""'l'
. :,.:...

Accurate measurement of Ëhe relative magnÍtude of the eff ect of i"''"',',',
:

each of these sources of variation will gíve p1-ant breeders a better
:

understanding of Ëhese relationships and will lead Ëo a beËËer design :

of the selecËion nursery. i',.
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LITERAI'I]RE RSVIEI,T

I. Síngle_Pl-att Sel-ecÈion

The efficiency of single plant seLection for guantítative

characters in earl-y generaËions has been examined by several workers.

Hayes and lrnmer (LL2) stated: ttSelectíon for yield on the índividual

plant basis seems of líttle value, since envírorrnental condítions

seem Ëhe major cause of variatíon. Thís ís shown by Ëhe exËreme

variaËion in yíeld per plant wiËhÍn parental varietíesrt. A11ard (5)

lndÍcated thaË Ëhe magniÈude of the envírorrnental effecË on a single

pl-anÈ ís so Large that selecÈÍon for inherent ability ís virtually

Ímpossible. AËkins (13) and Atkins and Murphy (L4) found, in barley

and oats, thaË selecËion in early generaÈions \^Ias not effecËÍve ín

Íso1-atÍng appreciably hígher yÍeldíng lines. Immer (tSZ¡ concl-uded

from a study on Ëhe disËríbution of yields of single pl-ants of barley

varÍetíes and F2 crosses under space-planËed condftions, that the

varíatíon is almost completely envlronmenËal. Bubar (29) postulaÈed

Ëhat Èhe lack of response of tímothy to convenËional- selecËÍon

techníques as far as yield ís concerned Ís due Èo the fact Èhat the

genotype x environmenË varíance exceeded the additíve geneÈlc variance.

Estímates of genotype x envirofinent ínÈeractíon r{ere reported by

Johnson eÈ al- (148) to be hígher for yÍel-d in soybeans Ëhan for oËher

Ímportant characters. Hamílton (101) posËulated in 1959 thaÈ eiÈher

wheat breeders have reached the limiË potential or Èhat the meÈhods

used were ínadequate Èo deËect small- incremenËs which woul-d represent

I.i::r:' ì:'l



an advance.

fn more recent studíes, Shebeski (252) cested 440 sÍngle F2

wheat selecËions for yield ín F3 agaínsË controls of unselected plants.

HaLf the LÍnes yielded more and hal-f less Ëhan Ëhe conËrols. In a

furÈher study McGínnis and Shebeski (198) reported no dífference between

yíelds of F3 lines sel-ected for high yield and those taken at :iandom

in F2. FurËher, the correlatíons between F2 plants and F3 plot yields

were in al1 cases not signÍficant.

Low heritabílity estímat,es and low inter-generatíon correlatíons

for yíeI-d in seLf pollinated planÈs r^rere reporËed by Fowl-er and Heyne

(76), Lr:pton (182) and Síkka eL al- (254) in wheat; Grafius et al (89),

Peterson (2L9) and Taylor and Atkins (278) in barley; Degras (51) ín

oaËs; and by Johnson (L46), Mahnud and Kramer (185), trüeber and Moorthy

(289) and trrleiss et al- (290) fn soybeans.

Rutgar et al (234) obtained a hígher hþritabiliËy estimate for

batley maltíng qual-Íties than for fourteen agronomic traiËs.

I_I-. Yigïtl C_omponegts

The rel-ationships between yíeld and other agronomic characËer-

istics have been the subjecË of many early invesÈigaÈions. Reviews of

earLy Literature ürere given by Fore and tr{oodworth (75) and Aastveít (2).

Some invesËígaËors divided Ëhe characËers inËo so cal-led Itmorphological

yield componenËs rr. According Èo Ëhis principle, graín yiel-d per unit

area is made up of the number of plants per unit area and the weight of

graÍns per pLant. The weight of graíns per planÈ is again made up

?-::1.:'. ''..
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of the number of heads or panícles and the grain weíght per ear or

panicle. The laËter is a function of the number and size of seeds.

Thís principle ís perhaps best presented by Engledow (72). He 
""1

descríbes the total yield as "peng" where pr er n, €. are the number of

planËs per uniL area, the number of ears per planË, Ëhe number of grains

per eaï and Ëhe weíghÈ of a single grain respectívely. A number of 1 ,.,,;-,

other papeïs report.ed Ëhe resulËs of analyses of lines and varíeties 
i;"""t:'; :

l::.,.r,r1 ,.

with regard Ëo these components. The papers of Bonnet and tr{oodworËh ,':,': :

(22), Bridgeford and llayes (25), Engledow and !'ladham (73), HuËËunen

(130), Rudorf (233) and Vidne (282) may serve as exampl-es of this type

of investigaËion. These papers contain Ëhe results of correlations
i

calculaËed beËween Ëhe various componenËs and grain yield. Some oËhers, 
l

l

Goulden and Elders (85), Hayes et al (113), Immer and Stevenson (134), 
f

Immer and Ausemus (133), Bridgeford and Hayes (25), David (4g), Leasure ì

eË a1 G72) and Stran d (265) have tríed to relate yield to characters :

oËher than Éhe "morphological yíeld compofient,s" such as earlíness' 
, :.

i.'::::::,:

length of straw and dísease resistance. Some resul-Ës seem to be rather ::::::":::::1

'- t."tt':t
conflícting. Inmer and Stevenson (134) for example reported a correl-aËion 

':',,,,:

coeffÍcienË of -.56 between days from sowing to heading and grain yíe1d

in oats whereas Strand (265) reporËed a correlation coefficient, of

*.72 for Ëhe same characters in barley. ,::: .r.:';.;.

ì.,'.,.:,'i

Grafius (86) presenËed the grain yíeld of oaË planËs geometrícally

; a recËanqular parallelopiped wíËh the three edgesas the voh:me of a recËangular parallelopiped wíËh the Ëhree edges

repïesenting the number of panicles per unit area, the number of

kernels per panícle and the average kernel weight, respecËívely. He



applied this theory to daÈa on corn (87) and on ten oat varieties

(gg) an¿ concluded that, in theory, no yíeld componenË is more

ímportant than the oËher.

stoskopf and Reinbergs Q64) observed in barley and oats

negaËíve correlaËions between the number of til-lers per plant and the

number of grains per head and found that the latËer was the most

reLiable component:;Èo use in estímatíng yield. Ltrpton (182) estimated

the yíeld of a single wheat plant by the product of the number of ears

per plant, grams per ear and the 1000-grain weight

Goodall (83) posruLared rhat the relationshíp between yíeld and

p1-ant pöpulaËion has been obscured by the common practice of expressing

yield in terms of uniË aÏea. This inÈroduces the independent variabl-e

again in the expressíon of the dependent varíable, which can be avoided

íf yields are expressed Per Plant.

IIJ-. Pl-1nË Spqcir}l¡

changes in plantíng densiËy have been shown to influence the

yÍe1-d of most crops through Ëheir effect on yield comPonents' In wheat,

barLey and oats, higher densiËies were shown by Guitard e-t al (97) to

decrease the number of fertíle heads per plant, Ëhe'number of kernels

per head and the 1000-kernel weíght. In corn, Davies (so) round that

increasing crop densíËy íncreased the number of steríle sLocks, but

increased vegetative yÍeld per unít atea. In barley, sakai and Ïyama

(243) found Ëhat higher plant densities caused a decrease ín vegetaËive

growrh per p1-ant. Hígher plant density was shown by Cutclíffe (48) to

ii,l".'r.!"1.':
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decrease yíetd of snap beans but had no effect on seed síze. In

soybeans, Harris eË al_ (109) reporËed an increase ín yield by narrower

planÈ spacing; GiesbrechË (82) found that cl-oser plant spacing díd noÈ

íncrease yield per uniË area whlle the closer row spacíng reduced

plant height and increased yíeld. SÍmí1ar yield resul-Ës were reported

by Mader (1S4) in the same crop. The increase ín yíeld due to narrorder

row widËhs íncreased with de1-ayed pl-antíng daËe.

Differential responses of genotypes to spacing have been reporËed

by Engl-edow (72) in wheaË; Sakai and Ïyama (243) in barley: Raqual and

Jackobs (228) ín maize; lk"ro"rg (4) in tímothy and by Hartwig gt al

(110), Johnson and HarrÍs (L47), Lehman and LamberË (1-75), Probst

(223), SmiËh (25S) and trüeiss et aL QgO) in soybeans. In mosË of Ëhese

studíes signífÍcant 1ínes x spacing interacËions r¡Iere observed. Engledow

(72) pubLished an investigation concerníng Èhe wheat varieËies, Hybríd

and Red Fife. Under close spacing Red Fife was superior while under

medium spacing yíeLd was simílar and under wide spacíng Hybrid was

superíor.

Hinson and Hanson (L20), from resulËs of competition studies on

soybeans, conél-uded: rtA genetic analysÍs of individual plant variabil-ity

for yíeld can be extremely misleadíng when díf€erential response to

spacing is a facÈorrr. They obtained dífferenË heriÈabí1íËy estimates

for different spacíal arrangemenËs.

The effecÈ of pl-ant spacíng on the effícÍency of selecËion has

been referred Ëo by several workers. Aastveit. (2) suggested thaË, in

the absence of line x spacing inËeracÈíons, there seems to be no

importance whích plantíng disËance Ís chosen. Edwards (68) reported

v:::./j :a.,77
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Ëhat selection for high gïass yields under very close spacing failed

to produce arly regular improvemenË in yield. Lazenby and Rogers (171)

have shown that, Ëhe perfoTmance of a genoËype under wide spaeing

does not gíve a relíable predícËion of its perfonnance under close

spacíng. Gotoh and Osanai (S4) have demonstrated that sel-ectíon from

a wheat cross for high yield under Ëhe standard densíËy \^7as faLtLy

effectÍve compared with denser conditions. They poinËed out that

wíder space plantíng increased the phenotypic variatíon and magnífíed

genoËypic potentialiËies. ComsËock and Moll (44) postulaËed that

when plant.s aïe gror¡rn in spacíng thaË is abnormal relative to culture

of Ëhe same plant for producËíon purposes, geneËic effecËs oËher than

those of interesË aïe beíng invesËígaËed. Harper (108) concluded from

his competíËion studíes in barley: trlt is unforËunaËe thaË, because

isolated plants are the more convenienË tool for the geneticists Ëo

work wíËh, Ëhe effect of int,erfeïence Ëends Ëo be regarded as the

unforËunaËe dist.ortion of the real- thing. IË is very important Ëhat

the planË breeder bear consËant1y in mind thaL ít is the behavior of

the isolaËed or spaced individuals which represenË Ëhe distortÍon".

GuiËard .t "r igz) suggested ËhaË Ëhe inadequacy of Ëhe pïesenË

meËhods of individual planË selecËion from space planted early generation

hybrÍd materíal of wheaÈ, oaËs and barley is due to the inËeractíons of

the yield components and. the number of plants Per acre. They ínferred

that there is líËËle value in using tillering as a selection index

unless spacing and ferËiliËy are unÍform and Lhat selection efficiency

for yíeld might be increased by seeding hybríd maËeríal sufficíently

t.¡:!t;rôt*il- ili^ìrç':,
I :i.i.: :-.4,:. J..í+/.+

| ']':
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heavy to el-íminaËe tiLlering and by selectíng indívídual heads on Lhe

basis of Ëhe number of kernels Per head and the 1000-kerneL weíght.

Hinson and Hanson (L20) eoncluded ËhaË ín soybeans, selecËion aË close '.." '."_ t' .' .. _.'

spacíng is possíble only for Èhose secondary characÊerístÍcs which are

noË influenced by comPeËition.

TheoreËic and analyÈic studíes on the effeet of p]-ant densriËy on :, ,,,,1 ,.,

yierd were presenËed by several workers. Hínson and Hanson (L20) found 
i';'.""i''';

ËhaÈ the graín yiel-d response to spacing of soybean plants followed a l,t.i:.:

logaríËhmic curve. MiËscherl-ích, as reporËed by Harper (107) suggested

Ëhe relaËÍonshíp II : (t-e-cx) rhere tr{ : pl-ant weight in absence of

inËerference from neighbors, I: space availabl-e for each plant' and c

Ís a consËant. Shínozaki and Kira (253) p1-otËed the inverse of the
ì

yíeLd per plant agaínsÈ p1-ant densíty. The scatËer díagram approximated i

i

a straight line. The studles of Kira èt al (L61-) were based on Èhe i

i

formuLa trIda : k where { ís Ëhe planË weight, { the crop density, a a i

compeËítion índex, showing intensity of competiÈion and k a constanË.
i:-: ' :' .;',¡; I

This,'relaLíonshíp yíeLds a straight l-ine when the l-ogariËhm of the 
i,Ì,',:',';1
:-::: ;:: r

individual- plant weÍght is pl-otted agaínst the logarithm of the 
:,r,i.iilìt

recíprocal- of pLant densiËy. lfhen applíed to data on Ëhe development

of swards of subterranean clover supplied by Donald (58), the slope of

Èhe sÈraight line increased wíth time. trrlarne (288), Índependentl-y of the i.::-::.:,:
i'.:, ."'. .,ì

studíes of Kira eL el- (161), found a símilar relation between planË '

weight and gpacing disËance ín vegetables and root crops. de wit

(54r 55 and 56) considered spacíng experímenËs a special- fom of

competÍËion experíments. He calcuLaËed a sËraighË l-ine formula Ëo

li: 1ij.- :'.
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descríbe. the inverse of yiel-d by the ínverse of seedíng raLe.

Koyama and Kira (166) studied the distribution of planË weights

aË varíous p1-anting densÍties. They showed thaË a popul-atíon which aË

low densÍÈy may show a nor:nal distrÍbuËion, wíl1 at hígher densíËíes,

move progressiveLy towards a skew distribuÈion. AastveiË (2) perfonned

an analysís of variance on Ëhe ínLraplot variances of barl-ey plots

sor^rn at dífferent p1-anË spacings. The varíances for four characters

sËudíed were shown to increase l-inearl-y wíÈh increased plant spacíng.

The varianees based on indivídual- planË variabil-íty reporËed by Hanson

(103) for soybean yields progressed from 52.5 î.or the Ëwo inch planÈ

spacing to L250.9 f.or Ëhe Èhirty-tl^ro ínch spacing. Helgason and Chebib

(117) found in a greenhouse experíment in barley, that wider planË

spacing increased the variabílity unaccounLed for by the treaËments.

St,ern (263) presenËed resulÈs of indÍvÍdual plant weighÈs Ín swards of

three densítÍes of subLerranean clover whích showed Ëhat variatíon ín

growth raËe Ís greaLest at higher densities.

Competition inËensíty was shown to be affecÈed by pl-ant density.

Sakaí (238) found thaË Lhe incrernents due Ëo compeËítion in severaL

characËerísËÍcs of barley including planË weight T^tere ínversely

proporËional to Èhe logaríthm of the 1-ogarithm of the dístance betT,veen

planÈs. In barley, Hel-gason and Chebib (1f7) detected slgníficant

competiËíon effecÈs at closer plant spacÍngs on1-y. Harper (108) reporËed

many examples where the more ímporËanË contrÍbutor to seed Production ín

mixttrres at low densíÈy becomes less ímportant at higher densíËies.

Tysdal and KÍesselbach (281) in their experímenËs on alfal-fa found that

b:?-;::i:;-:l

.': r. ..
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ínËerplot competition for yíeld could be prevented by wider row spacíng.

CompetiËion effecÈs between small grain ploËs .t^tere reporÈed by Hulbert

and Rernsberg (L27) Ëo íncrease noËiceably when adjacenË p1-ots were

seeded aÈ different rates. Puckridge and Donald (226) found thaË

maximun dry weíghË per tiller ín wheat occurred at medium plant

densiËy. They contríbuËed this to an inÈeracÈíon between the effect of

sËrong interplanË competition on plant and tiller size aÈ high

densities, and acute Ínter-tiller compeËíËion withín the abundantly

til-l-ered planËs aË very low densíties, an effect discussed by Donald

(6i). Sakai and Iyama (243) found Ëhat compeËítive abilíty of barley

and density response \^Iere not closely correlated.

IV. Seed Size

The influence of iníËíal seed size on plant developmenË has been

demonsÈrated in many croPs and Pasture species.

In cereal crops, the early work of ß¡iesselbach (159), Kiessel-bach

and Hel-m (160), Krosby (L67), Love (179), trüaldron (283). and Zavitz

(2gg,300 and 30L); and later studies of AastveíE (2), ChebiU (33),

Christian and Gray Q7), Kaufmann (150), Kaufmann and McFadden (152,

L53 and L54), Kaufmann and Guitard (L51), McFadden (195) and trüal-dron

(284 a¡¡ð,285) emphasize Èhe importance of seed síze. The gener:al

conclusions derived from Ëhese studíes índícate ËhaÈ plants grown from

Large seeds are more vigorous and higher yieldÍng than otherwise com-

parabl-e ones growïr from smalLer seeds; ËhaË Èhís effect starÈs at an earl-y

stage of developmenÈ (2, 37, L51) and affecÈs yield maínLy through the

:-.
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number of Ëillers (33 , 37, 153, 195). Furthermore, 1-arge seeds have

been dernonstraËed to have a competitive advanËage over smal-1 seeds

(33, 37, 1-52) as expressed by the dÍff erences ín Ëhe number of till-ers , ,.,,i:,

and yield of mono- versus mixed-cuLture pLots.

Tayl-or (276) and Taylor and Harland (277) reported that small

kernels of wheat and barley, respecÈively, carry a Larger proportion r, i

of l-oose smuË infectÍon than l-arge kernels. Suneson and Ramage (27L) 
i:; '''
i, 

.1, .t. .'.:
argued that the increase ín yÍeld of awned wheat over Ëhe awnl-ess types i; :,':,.,.

was due Ëo dífference Ín seed size. McMillan (l-99) concluded Ëhat

twenty-four per cent of the variance among closeLy spaced plants of

a pure l-íne of wheaË were influenced by factors assocíated wíËh seed

i

weight and earl-y growth, Christían and Gray (37) estimated Èhat six Ëo

eight per cenË of the variance in yíeld r^ras accounted for by seed size.

IníËia1-seedsízemaybíasgeneËiceffects(2,33,]-5o,151).IÈ
I

has al-so been shown (154) thaÈ yíeld ranking of varÍetíes ín fieLd 
'

Èests may depend upon the seed síze used. 
:r,,:.;,.

These sÈudies led to the recommendaËion that, in selection work, , :,',:

seeds of segregatíng populations should be sepanaËed inÈo size or weighÈ

groups prior to seedíng in order Èo elímínaËe non-genetic varíatíon due

to seed size, and selection could then be made from wiËhin each size

group (33, 150, L52). McFadden eÈ_ al (196) have al-so suggested thaË

seed stocks Ëo be used in breeding and testing procedures should each

have the same proportion of small seeds removed Èo guard against

misleading resuLts due to the higher incidence of loose smuË in smal-Ler

seeds.
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some investigators found little effect of ínitial seed size

p_ej se on plant development. In the sÈudies of Christían and Gray

(37) differences beËween wheaË mono-culËure plots of small and large i""l,,ii:

seeds were not signÍficant. McNeal gÈ- al (200), using thatcher wheat

seed produced aË four different locaËions in Manitoba, concluded thaË

ËesË weighÈ, above versus below f if ty-f íve pounds per bushel, had l-ittle :.ir:i,,r,;:i
::,i:..,,.::;¡

effect on yiel-d. BonnetÈ and tr'Ioodwotth (22) f rom a yiel-d component

sËudy on barl-ey, suggested thatr íf seeded at the same rate, a small

seeded varieËy may outyield a large seeded one on account of the tatger

number of plants per uniË area, lüaldron (284), however, found that

plots gro\^rn from larger seeds ouËyielded those gror¡In from smal-ler seeds

regardi-ess of wheËher they were seeded by uniform weight graín or

number of kernels per uníË area.

There is a considerable amount of literaËure on the effecË of

iniËiaL seed síze on plant development in other croPs. Bartel and

Martin (l-6) showed a signífícant effect of seed size on growth rate of

soybeans. Black (t8) has shown Ëhat early growËh of subterranean

clover ís greater with 1-arge seeds but Donald and Black (62) reported

Ëhat final dry maËËer was líttle affected by seed size. Similarly,

Harkess (105) in an experimenË involving pure stands of small and large

seed of díploid and tetraploid ltalian rye grass found Èhat 1-arge seeds

increased yield poËential only during Ëhe first few weeks of growt'h.

Hermann and Hermann (ttg) reported an advantage of large seed of cresÈed

wheatgrass over small- seeds. In the same specíes Rogler (22g) found

high posítíve correlation bet\¡reen seed size and emergence. The studies

I

:
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of MÍl-ler and Pammel-l (203) and Murphy and Arny (20S) ín legumes; and

IGreebone and Cremer (L65), Plununer (22L) and Cummínes (47) in grass

specíes have shown ËhaÈ, wíthin wide límiÈs, planËs grordn from large

seed had an advanËage in seedling vigour over Èhose grown from smaller

seeds both among specíes and among st,rains r/ríthin specÍes.

Bl-ack (19) demonsÈraËed competiËive effects arísing from

dífferences in seed sÍze of subterranean clover. fn míxtures derÍved

from small and large seeds of a single strain, large seeds showed

definÍte compeËiËÍve advantage for lighÈ interceptíon through plant

heíght. He ínferred t,hat care musÈ be taken when comparing Ëetraploid

and dipl-oíd pl-anËs of herbage Legumes, because of dífferences in

initíal seed weighË.

V. CompeÈitlon i_n P_l¿nts

A. Deflnítlons and C_onc_ejË_s_:

Pavlychenko and HarríngÈon (2f6) reporÈed that the effectsoof

competÍtion among plants r^rere noLed in forêgt communÍtíes by

DeCrescenËiis in l-305 and in L920 by DeCandolle ín Ëhe pLant kingdom.

Mil-ne Q04) poÍnËed out Ëhat the orígÍnal meaníng of the Lat,Ín ver:b

compeËlere which was: rtt,o ask or sue for Ëhe same thing Ëhat another

doestr, ís fuLLy preserved in Ëhe modern meaning of the word rrcompeËitionrl.

He dÍscussed Ëhe various defínÍËions suggesËed for competiLion between

anÍmals and poínËed out that the need is not only for a sËricË definiLion

of compeËiÈíon buÈ also for discerning interpreËatíon 6f such a
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definÍÈion.

Definitions of competit,ion have been gíven by various workers in

the field. Sakai (238) defíned competítíon ín a genetic conËext as

ttthe effect of ínteraction operating betT^reen individuals of dífferenË

genoÈypes wiLhÍn a populatÍontr. Mather (L92) poínted out ËhaË com-

petitíon among organisms ímplíed the presence of an individual as an

effective parË of Ëhe envírorunenË of other individuals and that com-

petíËíon will- be expected prospectively whenever organisms share a

need or an activíty. Yamada and Horíucli (296) defÍned compeÈitíon

as Ëhe ínLerplant action and reactíon as planÊs comPete for water,

nuÈríenÈs and t-ighÈ. Chalbí (32) defíned competitíon arnong genotypes

as the bío1-ogical inËerference among índividuals of dífferent

genotypes bel_onging to the same populaËíon and coexístíng in a

given space. Edwards (68) sees ËhaË the ËeÏ'm compeËítion implíes

thaË Èhe parLicular envíroruaenË of an índívidual in a communiËy is

conditÍoned by the proximiËy of other indíviduals in ways that

ínfluence growth and reproductive capaciËy. Le Creg (173) referred

to inËer-rol^r compeËÍtíon as Èhe interference of adjacent rows of

vafieËíes which differ in growth habit, in plant developmenË and

yielding abil-ity. Lysenko (183) looks at comPeËiLion as invol-ving

an Íntraspecific relaËÍon on1-y, while Gustaf sson (98) f índs competiËion j.l

involves any kínd of struggl-e between indivíduals for hTater, light

and nutrienËs. ClemenËs et al (41) characËeríze competiËion beËween

pLanËs as a reacLion-response phenomenon ËhaË gÍves one p1-ant an

initial advantage whích ís cumulatíve. They state: rrCompeËiÈÍon
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is a purely physÍcal- process; an acËual struggle between competing

plants never occurs. Competitlon arises:i from the act,íon of one

plant upon the physÍcal facËors about it and the effect of the

modified factors upon iËs compeÊitors. Tn the exact sense, Ëwo

pl-ants, no maËter how close, do not compeÈe wíËh each oËher so 1-ong

as the waÈer conËenË, Ëhe nutrient material, Ëhe light and the heat

are in excess of the need of both. I{hen the immediate supply of a

sÍng1-e necessary factor falls below the combined dernands of the

planËs, competiËion begínsrr.

Mi1-thorpe (ZOS) uses the Lerm competiËion Ëo descríbe ttËhose

evenËs leading Ëo Ëhe retardaËíon in growth of a plant whích arise

from association wíËh oËher planËstt, while ![el-bank Q9L) uses the

term trcompetiËÍve abilÍty of a p1-anttt as its ability to depress the

growÈh of oÈher plants and the Ëer:rn rrcompetítive potentialrr for Ëhe

innaËe quaLíties thaÈ determine íts actual abílity to compete in

parËicular circumsËances. Such a dífferentiation was also recognized

by SËern (262) and Helgason and Chebib (1I7) where the Èermttcompetitíve

influencert vras used to denoËe the capapíÈy of a type to exerL com-

petíËÍon on its neÍghbors, and the term ttcompetíËive abÍl-iËytr to

denoËe Èhe capacÍÈy of a Ëype to withstand competítion from lts

neíghbors.

McGil-chrÍst (1-97) gives a mathemaÈical- definítÍon of compeËition

between two species when sown ín mixture as the average of the increase

ín yíeld of one competing species over iËs yield when grown in mono-=

l-:*a:j1l
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culËure, and the corresponding depression in Ëhe yield of the other.

Harper (107 and 108) prefers Ëo avoid Ëhe v¡ord "competíËion" alt.ogether

because he considers iË lacks a precise scienËífic meaning. He

uses the Ì¡rord ItifiËeïferencett.

The view ËhaË competitive ability is a genetÍc characËer is held

by sakai (23S), Jennings and his coworkers (l-38, 139 and 140) and by

Srern (262). Sakai and Gotoh (Z+t) have shown thaË cornpeËítíve abílíty

was independent of vigour. Sakaí and Utiyamada (248) and Sakai and

Suzuki (246) demonstrated in barley and ríce that doublíng the

chromosome number in hybrids and ín pure lines decreased their

compeËiËive ability. The very high competitive ability of hybríds

hras assumed to be due to overdominance of competítive abilíty genes

ín Ëhe heterozygous condiËion. Sakai and Suzuki (247) found that

aurBhÍploids of speeíes hybrids in Abelmoschus and NicoËiana were

superior in competitive ability to either parenË. The amphíploíd

genus hybrid beËween TriËicum and Secale was found Ëo be superíor

Ëo Ëhe Tríticum païent but inferior Ëo Secale in compeËiËíve ability.

Sakaí (238) reported signífícant superiority of Japonica over Indica

rice varieties in plant weight, number of panicles and weight of

panicles per plant. SignificanË differences in compeËitíve abílity

among varíeties of the same group were also reported. Sakai (237)

illustraËed in Èwo wheaË strains Ëhat it is possible Ëo have differenË

genoËypes which when grown Ín míxËure show no evidence of dífference

in competiËÍve ability. Helgason and Chebíb (117) found no evidence

of competiËion among Ëhree varietíes oi barley differing in many
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agror:romic characterístics. In an experímenË involvíng twelve barley

varíeties differing ín several agronomic properties, Sakai (238)

reporËed differences in competitive ability buË the relaËion between

compeËíËive abiliËy and other plant characters such as planË height'

maturity, seed size, growing habit, heading habiË and grain yield

\^7as not signifícant. similarly, oka (2I2) could find no regular

correlaËíon between the compeËitive abilíty of Ind-íca-Japoníca

crosses of rice and plant height, panicle number, seed number,

earliness, grain sheddíng, germínation speed or graín shape. Harper

(10S) dísagreed wíth the absence of associaËíon beËween competítive

ability and morphol-ogical characters and PostulaËes Ëhat other

characËers not studied, such as exËent and depth of rooË system'

leaf area, heíght and time of appearance of firsË flag leaf would

have a relaËionshíp to competitíve abiliËy. Sakai (240) and Oka (2L2)

atËempted to deËeïmine the inheritance of competíËíve abilíty as íf

it were a sepaïate genetic characËer. They found Ëhat, in general,

the heritabílity is very 1ow. Yamada and Horíuchi (296) put many

questions Ëo Sakaí's Ëheory and explained compeËitive ability wiËhout

having to assume the exísËence of independent genes.

There is noË a great deal of published evidence on Ëhe characËers

with whích competitíve ability is associated. Pavlychenko and

Harrington (216) studíed competíng abí1íÈy of certaín T¡leeds and crop

plants. IË hTas shor¡rïl that success in competítíon depends on readiness

and unÍformíËy of germinaËion under adverse moisËure condítions, Ëhe

abílity Ëo develope a large assímílation surface ín the early seedlíng
{i ¡:r'J:i,,, ì

:1 ..,:
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sÈage and the possession of a large number of sËomata and a root

sysËem with a large mass of fibre close to the surface buÈ with its

maín root penetratíng deeply. 81,åck (ZO) tras shown thaË Length of

petiole Ís an imporÈanË competiËive character ín subÈerranean clover,

for beÈter 1-íght inËerception. Yamada and Horíuchi (295) concluded

thaË an erecË variety of wheat had a competitive advantage over a

prostraËe one ín respect to tillers and leaf number and top growth

when reared in a \üaÈer culËure solution. Suneson and Ramage (27L)

demonstraËed ín near ísogenic línes Ëhat rough awned barley had a

competítíve advanËage over smooth awned. HartwÍg et q! (110) found

that border rol¡rs of soybeans diff eríng in maturity, plant type or

lodgíng offered different eompeËítion effects. Aaltonen (1)

emphasized the ímportance of underground parËs of fieLd crops ín

competitíon relaËionshíps. Lee (L74) and Edwards and Al-lard (69)

have studÍed Ëhe bíological- basis for the beÈËer competíËíve abÍLÍty

of Ëhe barLey varÍeËy AÈlas when grown in mixture wiËh Vaughn. They

relaÈed this Ëo the dífference ín root development at abouÈ Èhe time

of ear emergence, Lhe Èíme when competÍtíon begíns. Gr1fnmer (94)

carríed out experiments with flax and the weed -Camelin4 
foetíd4

and concl-uded that Çpqte_linA produces some unknoT¡m matLer wtrich

hampers Lhe growth of flax. In another study Grunrner (95)

demonsËrated t,oxic substances in four other genera.

FacËors for which competíËion may occur are dÍscussed by

Donald (61). CompetiÈion for f.ight has been dernonsËraLed by Bâåck

r*"i¡7i
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(19) in large seed of subtêrranean clover over small seed and Ís

discussed in detail by Donald (60). Competit,ion f or r^74Ëer was de-

monsrrated by l<arp er (t49 ) and by Grimes and Musíck (93r) in grain

sorghum and by Sal-ter (249) in caulíf lower. CompeÈitÍon for nut-

ríents was studíed by several- workers. Donald (58), Lang eÈ^al

(169) and Chipman and Mackay (34) demonsËraËed competíËion for

níËrogen of equal genot,ypes of forage grasses, corn and sweeÈ corn,

respecÈívely. CompeËition between grass and cl-over T¡ras demonstrated

by Blaser and Brady (Zt) gor pot,assium and by tr{alker and Adams

(287) for sulphua. Drapala and Johnson (6S) ¿etected competiËive

effects between fertíLízed and unfertilized plot,s of sudangTass.

That competiLion is more intense at higher levels of soíl

f ertÍlity \.{as demonstrated in barl-ey by Sakaí and Oka Q45); ín riee

by Oka QLz) and in forage crops by Blaser and Brady (Zt) an¿ trtalker

and Adams (287). Sakai and Iyama Q+21 reported a rÍce variety of

sËrong compeËíÈíve ability to l-ose Íts compeËit,íve abilíty when

heavily f.erti1-ized wíËh nitrogen.

Cl-ements et_ al-_ (41) postulated that compeËiÈion for each of two

factors will ínvoLve an interactíon, so ÈhaL the aggressor specles will

gaín competítive advantage exceeding Ëhe sum of the effecLs whÍch

occur when each facËor operates alone. Both Clements et- al (41)

and Chippandale (35) tríed to demonst,raËe ËhÍs effecÈ but their

meËhods \fere open to objection. Donald (59) and Aspinall- (12)

sÈudied Èhis effecË in competítion betwäen neighboring plants of

two different species.ifor lÍght, nuËríent and both l-ight and nutríenË.

It!:+')¿iiÈ;4
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In both cases an ínteraction intensifying the competÍtion for eíther

factor when operatíng alone was demonstrated in the Ëreatments where

competition \^Tas occurring for both f actors.

B. C_ompetí-tion Among Egual- 9enoËvp.es:

To ÍnvestígaËe compeÈition among equal genoËypes, homogeneous

seed stocks were p1-anted at varíous densíËíes. Such studies are

presenËed by KÍra e-Ë al (161) in soybeans, Puckrídge and Donald (226)

ín wheat and de lüit (55aand 56) in various crops. The depressíon of

yiel-d per planË aÈ higher sowing densiËies Índicated an íncrease ín

intragenotypíc competítion. The changes of Èhe Índívidual plant

yÍel-d or weight val-ues withín a populatíon with changing densiËy

wasusedasacriteríonwheÈherintensífiedcompetítioninËhÍs

narroT^r sense acceleraËed Èhe domínance of larger índividuals over

the smaLler ones.

Hozumi et al (125) sÈudied índivÍdua1- p1-ant performance in corn.

IÈ was found Èhat Ëhe \^reight of any pLant in the row tended to be

ínversely relaËed to Èhe weight of Íts neighbor and directly related

Èo the weíght of its rrnext neighborrt in each directíon.

C. CompeËit,í_on Amorlg ås_s_ociaË_ed Spe_cie,3 :

Experíments of Ëhis type measured competition between tr,ro

associated specíes, one of which was consídered a weed. The degree of

depressíon in yiel-d of one specíes with the increased incidence of

the weed measured the compeËitíve aggressiveness of the weeil. Such
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studies T¡/ere reporËed by Donald (61), Mann and Barnes (l-86, L87, 188,

1-89 and 1-90), Pavlychenko and Harríngton (216), Pendleton g at (2tB),

Rydrych and Muzik (235), SanÈhirasegar¿rm (250) and Staníforth and

trrleber (260). In these studíes and others, yield of crops were shown

Ëo be depressed by the higher densíty of the weed' To compare

competítive abil-ities of several weed specíes, tr{elbank (29L)

measured the effecÈ of each on a conmon indicator. He assumed that

Ëhe species being tested are affected by the indicator as Líttle

as possíble. Jarvis,,g!' ,âl- (137), in a síx-year study found Ëhat

undersowing with grasses and legumes had no effecË on Ëhe yield of a

barley nurse crop. Tanner et_ al Q74) have noted that a wheat varíety

with erect leaves, unable to suppress weeds effecËívely, gave the

lor,resË yield ín a varieËy yieLd trial in a weedy situation, but

gave the highesË yield on a síte which \^ras \^Ieed free; and conversely

for varieties with floppy leaves. Pavlychenko and Harrington (2L6)

classífíed cereal- crops for competing abiliËy with weeds as follows:

barley, rye, wheat and oats, f Lax. Sakai CI4}) concl-uded, from

experiments on ríce, that I^Iild species were inferior to Cultívated

specíes ín respect of compeËitive ability.

D. Survlvial iL {ixed Populatio_qs :

The effecË of competítíon on the abílity of different genotypes

to persíst in mixed populations have usualLy been sËudied by growing

Ëvro or more genotypes in mixËures and decermining the success of

various genoËypes by means of generation-to-generaÈion censuses.

lif - i- i:l
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Montgomery QO6) workíng wiÈh wheat, barley and oats, iniÈíated

these studies in L9L2. He concluded (p.22), rttrühen left ín compeËítíon,

the variety which is Èhe best yiel-der when placed alone, may noË

always domínaËe but,, on the oËher hand, a less productive type may

be able to survíve compeËít,ionrt. Gustafsson (98) collected experímenËs

in which thís eff ecË \^ras demonstrated. He termed thís the rrMontgomery

EffecËrr. In hís study, he demonsÈrated ÈhaË ín barley, single gene

mutants, which were less produccive in pure-sËand Èhan the oÈher

sLrains, becarae more producÈive when they were competíng with each

other ín segregaËÍng progenies of monoheterozygoËes. The Montgomery

Effect has shown ítself to be of wide valÍdity and Ís dÍscussed by

Dobzhanbky. (57) and stebbins . (zA¡¡.

Harlan and Martini (fO6) observed the rate of naLural selecËion

in a míxËure of eleven barl-ey varietíes gror^rn in ten locaËions for

a períod of four to Ëwelve years. They found thaÈ Èhe less adapÈed

varíetÍes were eliminat,ed rapidly aÈ aI-1 stat,ions. The variety

domínating the mixture r{as soon evident, and varied from locatíon to

l-ocation. Suneson and Wú.èbe (273) observed a marked reducÈÍon in the

percenÈage of Vaughn barl-ey, the híghesÈ yíeLdÍng varieËy, Ín a

varieËal míxËure aË the end of eíght years. Suneson (269) extended

thís experlment to sixteen years and observed a further reductíon Ëo

only O.4% of. Vaughn in ËÏre mixËure. Jennings and de Jesus . (140)

demonsËrated that a high yíeldÍng rÍce varieÈy when placed in a mixture

wiËh oLher varíeËies ís suppressed. Ghosh and ?rakasha Rao (81-)
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obtained an increase of twenÈy-one per cent, in the yiel-d of a rice

variety when grown in alÈernating rows wíËh oLher varieËies. Jensen

and Federer (L42) found ÈhaË competÍtion accounted for sixty-three

per cent of the apparent, yíetd difference beËween a check varieËy and

oÈher sÈraíns in daÈa from several nurseries of wheat. Laude and

Swanson (170) have shown Ëhat the poorer variety of wheaÈ may be

almost elimínated from the original mixture of equal parts of Ëwo

after Ëen years of cultívatÍon. üIiebe et al (293) studying Ëhe

behavíor of mÍxed þarley isogeníc l-ínes in mixËure, demonsË::aËed a

reversal ín the rel-aËionshíp for yield of graÍn when pure sËands

and mixed popul-ations vrere compared. Major shÍfts were also observed

for number of heads per uniË area and the number of kernels per head.

Kernel- weight T^ras not dísturbed. Símil-ar resulËs l¡rere reported by

Bal eÈ ql_ (L5). Klages (164) observed a large increase ín the durum

component of a mÍxture wfth hard red sprÍng wheaÈ. A sÈem rusË

epidemíc accounËed for Ëhe decrease of the suscepÈíble hard red

spring wheaÈ. Taylor and Kendall (279) concluded from experiments

ínvolving mixËures of polycross clones of red clover thaË perfotlnance

in a mÍxËure r^ras noÈ always relaÈed to performance when grown alone.

Suneson and Stevens (272) found in studies of bulked hybrid

popul-atíons of barl-ey Ëhat cerËain ma¡iker genes show poor survÍval ín

the bulked popuLaËÍon. Suneson and Ramage (27L) concluded, from a

compeÈition study of near Ísogenic genotypes of urtreat, Èhat yield and

survival relations for al-leLes, hybrids and varíeties are generally,

but noË universally, in aeeord. Jain and A1lard (136) presented
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evidence for heterozygoíe advanËage in eompetÍng popul-atíons of

barley. Frank (77) found that one species of Daphnia caused the

extinction of anoËher, when cultívated together, through compeËition '.,. "i::-,-:ì:'

effect due to increased male production of the latter.

Equilíbría in mixtures have been approached mathematicall-y and

graphically by Donal-d (61) an¿ de Wit (55 and 56). de llit (56) ;' :

i¡',.' '.i
developed a theory t,o descríbe such competition phenomena quantítatívely

t¡tr.:
based on an anal-ogy wÍth theoríes underl-ining multí-component distíllation ¡r.ii
and.other ,exchange procesgeg. '

E InËrjlp_lo_t_ Competí_t_ion:

This type of cornpetítíon studies investigated different, seed

Ëyped in paíred competiËÍon ploËs. The experimental design basically

adopted was growing pure-cul-ture pLoËs and ploËs of pairs of the

ínvestigated types in competition withín the row or between rows, Such

designs were used by Christían and Gray (37), Helgason and Chebíb (LL7),

Lee (l-74), Pendleton and Seif (217), Wa1-dron (286) and some of rhe work

by Sakai (238 and 240). Statistical- methods used to analyse these

experimenËs varied considerably. Christian and Gr:ay (37) an¿ l,laldron

(285) compared the dífference betr¡reen the seed types when grown alone

to thaË when grown in competiËion. Helgason and Chebib (117) suggesË-

ed the construction of a two-way tabLe whereby t,he rows constíÉute Ëhe

compeËing seed types and the columns the tesËed seed types and apply-

íng a facËorial analysis of variance to Ëhe data Ëo measuïe the

gener:al competitive ínfluence of each of Ëhe competing seed Ëypes by

comparison of the ro\^r means. Lee (L74) used this method in his

: !:i.
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competition sËudy beËween Vaughn and Atlas barley. Two-way compeËition

tables r^rere also the basís of more sophístícated analyses based on the

analysís of variance of diallel crosses as presented first by Yates

(2gB) and modífied later by Ëhe work of Jinks and Hayman (145),

llayman (115 and 116), Jinks (L44) and Kempthorne (155).

Durrant (66) has given an analysis of recíprocal dífferences

in genetic dia1le1 Ëables and showed how Ëhe fornulae may be

modified for the analysis of recíprocal dífferences ín competition

diallels and also gave a graphical interpretation of varíous

competitive effecËs as shown by reciprocal dífferences and means.

Norrington-Davies (210) gave graphic and statistical analysís of

tú/o sets of competiËion data based on the methods descríbed by

Durrant (66).

McGilchrist (Ig7) and !üíllíams (2g4) presented mathematical

and sËaËÍstícal studíes regarding Ëhe method for analysís of com-

petítion experímenÈs where the daËa may be arranged ín a two-way

diallel table. The analysis of variance presented was basíca1ly

Ëhe same as that given by Cockerham (42) wíËh addition of a whole

plot term.

Sakai (240) grew nine wheat varíeties alone and in paírs. He

arranged hís data in the manner of diallelíc study to give a value

for the general competíng ability for each variety based on meall-

increment or decrement. in yield when grown in all eight mixtures

and for specific competing ability for each variety based on the

r":. ,ì
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performance of the variety in a parËicular mixËure. Both general

and specific competitive ability gave highly sígnificant val-ues.

Jensen and Federer (143), using formulae supplied by Griffing (9f)

computed general, specífic and reciprocal competing effects of f,our

wheaË genotypes. They were shown to differ consíderably in competing

ability under condiËions of rod ror¡r culture. Indícatíons of general

and reciprocal- but not specific competing abilíty were found for

yield but noË for height.

Chal-bí (32) presented a bíomeËrical- study of genotypic com-

petítíon ín lucerne usíng Èhe dial1el crossing method of anal-ysis.

For each genotype he measured the general abilíty for competition,

Ëhe general ability for aggressiveness and the specífic abílity for

competiÊion wiLh each ot,her genotyPe. Harper (roa) also used the

dia11el method of anal-ysis to analyse a competiËion experimenË

involvíng six varieties of Linuin.

EberharË et_ al-_ (67) in a study of competitíon effects among

maíze single crosses sËated that the diall-el model Ís not appropriaËe

when sÍngle cross means can be obtaíned separately from paired mixtures.

He, Ëherefore, proposed a competitional model. The performance of

. paíred míxtures of Ëwo sets of síngle crosses with four or five

single crosses in sets, respecËively, vrere compared with their

:. ::t:.:.'l

performance with pure stands

Sakai (236 and 237) suggested that genotypic compeËiËion ín

mixed plant popul-ations shoul-d bqing abouË an Íncrease in the error 
,

variance, i.e., ín the míxed popul-aËion, the variance of the characters 
:_.,.,,,,...,,,-,
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that are affecÈed by competítion will be Íncreased by an amount equal-

Ëo the compeËiÈíonal varíance. He found ín a wheat population in

which genotypic competÍtíon occurred, the compeËitional variance

reached beLween twenty-five and forËy per cent of the non-heredíËary

variance. Sakaí (238) furËher developed the Ëheory f.or partítioning

variance componenËs for quanËitaËively ínheríEed characters when

genoËypic competiÈion occurs. He subtracËed from the varíance of

a míxed popul-ation a synÈhesízed varíance of the componenËs Ëo

reach at Èhe compeËÍËional variance. fn most, cases, the compeÈitiona]

varíance r^ras far greater than the genotypic one. Sakaí and Mukaide

(244) presenËed a simílar method for the estimation of geneÈic

parameËers ín foresËs where inËer-tree competition occurs. St,ern

(262Ù postulaËed that competÍÈive ability and competiËive Ínfl-uence

of differenË genotypes in a sËand of competÍng plants are quantíËaËíve

and heriÈable characters. The variance resulting from ,compeËition

a¡nong dÍfferent genotypes can be partitÍoned fo11owíng a factorial

pLan. Covariances beÈween neighboríng pl-ants can be dÍvided in a

simÍlar manner.

Hanson eË al (104) developed a similar model for compeÈitional-

studies in soybeans. In both this and Sakairs work, the competíng

system \^ras assumed to be an addiËíve one, Í.e., the incremenË of a

parËicular genotype due Ëo iÈs superÍor competiËíve abíLity is equal

to Ëhe decrement of its less competiËive neighbor. Doney e-t a]- (63)

obtaíned littl-e evídence of addítÍonal variabil-ity due Èo genotypic

compeËiËional variance in experÍments involvíng many genotypes of

tôì.:.È'-Çì
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potatoes withÍn plots. AnoËher experiment in which ploËs consisÈed

of alËernating pâ:ûrs of genotypes revealed strong non-addiËÍve

competiËive effects.

The effect of the number of compeËitors on a planË Inlas studied

by SchuËz and Brim (251) in soybeans and Sakai (239) in rÍce. BoËh

studíes applÍed simple regressíon methods of the yiel-d of a central-

t,esÈer plant on Ëhe number of competing plants in a surrounding ríng.

The effect on Ëhe cenÈral- pl-anË was ín dírect proportion with thea

number of compeËíËors. Harper (107), however, supplied experimenËal

data on two species of Bromqs índicatíng no such línear rel-aËionship.

The ability of one specíes to suppress the other was found¡t'o be

some functíon of Ëhe degree of aggregatíon of the numbers surroundíng

any given Índividual.

F. InËery_l-oË C_omp_e_Ë_it iolg:

Studies concerned wíth the effecÈ of competitíon of unlike

plots and border effects Ín field experiments were carríed out by

Brown and Weíbel (28), Hollowel1 and Heusinkveld (123), and Tysdal

and Kiesselbach (281) ín alfalfa; GenËner (8O)aand Smíth (257) ín

corn; ChrÍsridís (38 and 39), Coombs (+0¡, Green (90), Hancock (LOZ),

Hulbert et ÊL (12S), Hutchínson and Panse (L29), Lígon (178), and

Quinby et- al (227) Ín cotËon; ProebsËing (225) in frr¡íÈ Èrees; Down

and Thayer (64) ín navy beans; Meyers and ?erry (2O2), Iludson and

Bares (L26), Jacob (rrs¡ and lüellhausen (292) in potaËoes; Arny (9 and

10)o Arny and Hayes (11), Hayes and Arny (r11), Hulbert and Remsberg

lir,+r*!n
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(L27), Kiesselbach (157 and 158), Klages (L62 anA 163), Love (l-80),

Love and craig (1S1), Mcclelland (193 and Lg4), Montgomery (206),

Stadler (25g), stringfjeLd (266) and Taylor (ZlS) ín small graÍns;

Ross (231) in sorghum; Garber and Odland (79), Hanson -* Ê-! (L04),

HarËwig er_ q! (110), Hínson and Hanson (L2O), and Probst (222) ín

soybeans; Deming and Brewbaker (52) and Irnmer (131) in sugarbeets;

chíttenden (36) in ËurnÍps; and by McRostie and Hamilton (2ol-)

Ín western ryegrass.

These ínvestigaÈions entaíl- some discrepancíes; but in general

show; as suntrnarirzed by Lecreg (rzs), (a) that competítion among

varíetíes exists in most sËudíes; (b) compeËiËíon ís usual-ly confined

Ëo one ror^r o11 each síde of the plot; (c) competiËÍon is negligíble

beËween varíeËies ôf sÍmilar growth habíts; (d) a hígh-yieldÍng

variety ís usually a strong competíÈor; (e) comPeËiËÍon varies wíËh

envirorznentaL conditíons so varíeËies can noË be classified for

competitive value and; (f) that competiÈion may arise from dífferences

in plantíng date, seeding rate, matr:rity, pLant Ëype, height or

1-odgíng habits.

G. Gee.ËJI¡ic BLends:

MonËgomery (206) has poínted out in L9L2z rtFor some reason,

ín aLnrosË every case wíth both wheaË and oats, two varíetíes ín

compeËitÍon have given â greater number of plants aË harvest and a

greater yiêld than when eíLher r¡ras sown alonerr. Earl-y investÍgaËions

concerníng the effects of genoËypíc blends vlere reviewed by Frankel
'i,1..':;'
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(ZA¡. From the investÍgaËíons of Engel-ke (Zf), Heuser (119),

Nuding (2LL) and others, he concluded that generatLy, blends of

varíeËies yield above Ëhe expected yields based on the performance

of componenË varíetíes. ïn his experÍment in wheaÈ, Frankel (78)

found thaË a varíety of wheat depressed in every case the yíeld of

the l-ínes which ÍË was bl-ended wíth, and the tot,al- yôeld of the

blend \^7as noË hígher Èhan the expectedl.,based on the average of

the Ëwo blended l-ines. He advocated Ëhe use of bl-ends ín order to

stabi l-ize product,ion.

Later studies by Jensen (14i), Allard (6), Gus'taf ss'on (9.9), 
,

All-ard and Hansche (8), Allard and Bradshaw (7), Pf.alr,l-er (220) and

Edwards (69) a¿vocated the utilizatjon of genetically diverse

populaËions for greater sËabÍlity of peñformanee. Hayes et al (1f4)

discussed multilÍne varíeties and suggested ways o'f handlíng thern in

production. Jensen (141) presenËed a raËher complete review of

l-íteraËure on Ëhe importance of diversíficaËion in planÈ breeding.

Borl-aug (ZS¡, Rosen (230) and Suneson (270) have suggesËed the use

of multiline_ varieËies in productíon to reduce the prevalence and

severity of diseases.

Símmond (255) in a review artÍ,cle stated thaÈ most of the

evidence seemed to be cumulatively powerful, aÈ least Ín small grains,

thaË there are interactíons whÍch result in míxtures thaÈ are

frequently a few per cenË hígher in perfotmance than Ëhe componenÈ

means and occasionalLy hígher than the beÈËer component.

In wheat and barley or1-janskaja and Poljakov (2i3), Gustafsson

L::ì)-:?.ii
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(99) and Nasypajko (209) have shown thaË higher yíelds in a several

yeaïs average are obtained from varíety míxt,ures than from pure

components. Borojevic and MisÍc (24), however, reported only a

slight advanËage of the mixture varietíes. Gustafssonts best result

hTas a gain of 5.5 per cent over the better componerit. Griffith

(92) presented experímental evidence for the exíst.ence of over-

compensatory as well as complementary and neut,ral effects ín cereals.

Jensen (141) observed in blendirÌg several varíetíes of oats that

ín all cases the yíe1d of the fíe1d blend exceeded that of the

average of the síng1e varieties. I,rTíebe et al (293) studyíng

míxtures of parental and heËerozygous barley to símulaËe fi1ia1

generaËions, found no net gain of the mixtures over the pure stands.

Jensen and Federer (L42) found that compeËiÈive effects assocíated

wiËh wheat nurseries enhanced the yíelds of taller wheats and

depressed the yields of shorter wheats. Míxed plantíngs of tall and

short strains produced a bonus. Kuzrrnín (168) found Ëhat míxtures of

wheat varíeËies gave higher yields than pure sowings.

In ríce, Grummer and Roy (96) reported that the yíeld of

varietal mixtures was always higher Ëhan Ëhe mean of their componenËs

in pure sËands. They suggesËed that this increase ís due Éo a lower

incidence of HelminËhosporium otyza in the mixËure. Roy (ZZZ)

found Ëhat when Ëwo ríce varieties are growing Ëogether, Ëhe effect

is as often favorable as unfavorable.

r¡ -:: 1:::..'::rl :::

In corn, StringfieLd (267) tesËed forty two-pair hybrids



34

f .-;-r+i_.t iilrl
r:{:} 1'}ì. 1\nt: /,.1-?

separately and also in two hybríd mixtures and found that the grain

yield per acre from Ëhe mixt.ure showed remarkable equality Ëo the

mean yield of the two hybríds growing separately. Any absolute

increase in yield by one of the hybrids ín Ëhe mixt.ure r^Ias compen-

sated by an equal decrease in the other. SÍrnílarly, PendleËon and

Seif (2L7) found no loss or gain when they mixed Ë\^7o corn genotypes

dífferíng markedly in stature. A single row of dwarf corn bordered

by normal corn yielded thirty per cent. less than when bordered by

dwarf. Conversely a single row of normal bordered by dwarf yielded

only six per cent more than when bordered by normal corn. Eberhart

et al (67), found in maize single crosses Ëhat the aveïage performance

of any pair of single crosses grori'rll ín mixed stands was simílar to

their performance in pure sËands.

In pot.atoes, Doney et al (63) denonstrated a gain ín performance

of a mixËure of genotypes over Ëhe mean of Ëhe component genotypes

when grown separat,el-y.

In soybeans, experimental evídence presented by Brim and

Schutz (27), Cavíness (31), Probst (224), and Mumaw and trrleber (207)

índicated Ëhat in general, míxËures perform slightly beËter Ëhan

Ëhe approprÍ-ately weíghted means of the component varieties when

soT^rn separately but no better than the hÍgher component. Composites

of unlike varieËíes exceeded Ëhe mean yield of Ëhe pure culËures by

more than that for composiËes of símilar varieties. The increase

in productívity of the nixture was closely assocíated \,iíËh Ëhe

magnítude of the net competiËive effects. Hanson et a1 (104), however,
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assumed thaË Ëhe co-rnpeting system Ín soybeans $Ias, as suggesÈed by

Sakaí (238), primaríly an additíve one, í.e., the íncrement of a

parÈicular genotype due Ëo íÈs superior competitive abiLity is

equal to Ëhe decremenL of íts less cønpetíÈíve neighbor. Experímental-

ïesults supporËing this assr¡nption vlere pTesented by Hínson and

Hanson (120), Fehr (74) and rorrie (280), '.I{inson and Hanson (120)

ín four varieties of soybeans, observed no superÍority of míxÈures

over pure stands. ¡'ehr (71+) found that only one of ËwenËy-six

blends of 50:50 ouËyielded the beËter component. Torrie (280)

reported that mixtures of Ëhree varíeËÍes ín Ëwo years yiel-ded

símílar Ëo Èhe average of the componenË pure lines.

SchuËz and BÈim (251) surrounded a ËesËed genoËype wíth a ring

of 0-8 plants of a competíng genotype and calculaËed Ëhe linear

regression of the yi,eld of the tested genotype on the number of

competÍtors. By comparing Èhe regression coefficíents calculated

from reciprocal rings, they defíned complemenLaty, overcompensatory

and undercompensatory effects. OvercompensaËíon was observed for

certain paírs of genotypes and varÍed ín magniËude for the different

combinations. They further proposed a desfgn for predicÈing yíeLd

of varíetal bl-ends. Thís desígn, however, r^7as not effecËíve ín

predicting mixËure yiel-d in the experÍmenËs rePorËed by fehr (74)

due to excessive spacing among the hill-s.

In pasËure pLants, Donald (61) concludes from a revíew of

experiments thaË there is no subsËantÍal evidence that Ëwo specíes

l:"i+>r.t
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can exploíË the envíronment betËer Èhan one. He presented an

approach to measure whether t,he assocíatíon of two specÍes had a

mutual-l-y harmful or beneficía1 effect, through the calculaÈion of

a rrcompetition Índexrt. Papadakís (214) obËained a türenty-one per

cent increase in Ëhe yield of cereal-Legurne míxture oí¡er that of

the;ÈÍ,tro specíes rlrhen grown separately with an increase ín cereals

and a slight decrease ín l-egume yíelds. Guy <fOOl in a compeËition

study in forage p1-ants advocaËed growíng mixtures of genotypes.

Ah1-gren and Aamodt (3) suggested Ëhat when various cormnon

mesophyËíc pasÈure planËs are associaËed in pairs, the yíeld per

plant of both species ín the mixture is less than Ëhe yield per plant

ín each of the corresponding pure culËures. They expl-ained their

experímental findings by ttharmful- root interact,ionstr presumably of

Ëoxic excreËions. Accordíng Ëo Donald (6L), there has been no

further evídence to sr¡pporË Lhat study suggestíng a muËuaL dep:ressíon

Ín yleLd.

SÍmmond (255) in his review arËicle stated thaË there r¡ras no

real evidence as to the basíc mechanísm involved in the productive

ínteractíon of mÍxËures. Edwards (63) postulated Èhat in a crop

consísËíng of ídenËical genotypes, there is Líke1-y to be competiËÍon

among plants for the same envirorrnenËal facÈors, whereas, if the

genoÈypes are varied, they may make somewhat dífferent de¡oands on

the enviroffnent and Ëherefore, be l-ess competíËíve with one another.

Elton (70) exptaíned the phenomenon of co-operatíon on Ëhe assumption

that dífferent componenËs of a plant community occupy dífferent

ij,:;:,Tit'
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"niches" from which Ëhe competíËíon of others is countered wiËh

their own peculiar advanËages.

H. Implications of CompeËítion in PlanË Breedíng:

Sakaí (238) concluded from Ëhe results of his experiments, that
ì

I "ariation of planÈ characËers due to compeËiËion must be Ëaken inËo
:

account, and that esËimatíon of heritabílitíes without considering

i competiËion could lead to erroneous resulËs. Similarly, Hanson (103)

and Ïlanson eË al (104) presenËed evidence t,o show, Ëhat when inËer-
:

ì plant compeËitíon is íntroduced with genetic types, the variance

I among indívidual plants is doubled and eïroneous heritabilÍty

estimat,es are obtained. Hinson and Hanson (120) concluded, ':A

geneËíc analysis of indivídual-planË variabílity for yield can be

extremel-y misleading r^rhe¡r planË competít.íon is a f actor'r. Eberhart

et al (67) found that esËímaËes of wíthin plot environmental variance

for mixed stands of maize single crosses \^rere less than the comparable

esËímates from pure sËands for ear length, diameter and weíght.

ChristÍan and Gray (37) and Yamada and Horiuchí (296) have

stressed the bías arising in planË selection due to inËerplant.

compeËition. Yamada and Horíuchí (296) proposed that efficienË

selectíon of characters correlaËed nega-ËÍvely wiËh those governing

competítíve ability should be left Ëo laËer generatíons. That plant

competiËÍorÌ, or lack thereof, has little effect on quality characteristics

was demonstraËed in soybeans by llanson eË al (104) for proËein and

oil contenË. lüiebe et al (293) concluded thaË, because of competíËive
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effecËs among barley genotypes, one should save Ëhe pooresË plants

from the FU rather than Ëhe good ones. Doney gt- 4-L (63) cottcluded

from studies made usíng pl-ots of (1) lite genotypes and (2) unlÍke

genotypes, thaË progeny evaluation of potaËo yíelds had no effect

on selecËion for combiníng ability in ploËs of unlíke genotypes.

Jenníngs and, Aquíno (138) advocated the rogueing of F2

popuLations of rice Éo eliminate tall leafy and spreading Lypes, which

woul-d otherwíse shade the potenËia1Ly more producËive segregaËes. To

reduce the bias arisíng from inËerplant competition due to unequal seed

size ín barley, Chebíb (33) recornmended sorting of seed of earl-y

gener'ations accordíng Ëo size or weight before sowíng and sel-ecÈíng

from nurseries sown from equal seed sizes.

Edwards (68) postulated Ëhat competiÈion among individual

plants wiËhín a variety during criÈical stages of growËh may be of

value to the plan¡ breeder by facÍlítaËíng selecËíon of the best

geneËic materíal- from the populatíon. Similarly, Degras (5i)

postulated from an analytical study of the yiel-d of oats that the

possibiliËy of selection may be exËended by growíng populatíons of

mixed genotypes.

li., -,i
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MATERIALS AND METHODS

A fíeld experÍmenË r^ras designed to examíne the effect of

dífferences in genoËype, seed size and plant spacing on Ëhe ínÈraplot :r,.,;'r1:.rì,''

varíation of wheat plants.

Two seed sources were used; (a) a homogeneous popul-ation (the

varieÈy Manítou) and, (U) a mÍxËure of segregaËing F, lines of the cross 
l;r,r,,::,:,.'1

Manítou x Pembina.

Samples of small- , Large and unsorted seeds were obtaíned

from each population by sievíng and hand píckíng, excluding all broken,

shrÍvelled or otherwíse abnormal- grain. The average seed weights

for the two populaËions I^Iere as fol-l-ows:

Popul-aÈio_n Small-___ Lar&e Unsorted
Pure 2I.2 mgm. 45.2 mgm. 30.3 mgm.
Segregating 20.8 mgm. 44.9 mgm. 30.1 mgm.

A factorial experímenÈ was designed for Ëhe study ÍnvolvÍng three

f actors:

1-. PlanË spacing: 2, 4 and 6 inches wíthÍn the row.

2. Geno_t,ype: Pure versus segregating.

3. Qç_ed¡f_?_q; Small, large and unsorÈed.

The eighteen treaÈment combínations \^Iere arranged in a síx

replícaÈion splít p1-ot design wíËh the planË spacíngs ín Ëhe main

plots. Each subplot consisËed of four rows of fifty plants each.

The lengÈhs of the rows were 100, 200 and 300 inchês for Èhe 2rr,

4rt and 6lt spacing ËreatmenËs respectively. Al 1 rows were Ëwel-ve

ínches aparË.
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Due Ëo the unequal lengËhs of the rows of the maín ploËs,

randomization of the main plots wiËhin each replicaËion r^ras restricted

such that the six-inch spacíng main plot was adjacent to Ëhe two-

inch and four-inch spacing main plots which were 1aíd end-to-end

along the length of the row. A sample layouË of Ëhe Ëhree maín

plots in a replication is shown in Fíg. 1.

The experiment \¡ras so\^rn on Ëhe University of Manítoba farm

beginning on May 23rd. , L967.

Harvest daËa on eleven agronomic characËerisËics were obtained.

on a single-plant basis for the forËy-six central planËs of the two

ínner rows of each subplot. The eleven characËerístics \¡rere:

1. Plant height (ín inches).
2. Number of tíllers.
3. Number of heads (number of head-bearíng tíllers).
4. Percent fertil-e t,illers.
5. 1000-kernel weight (ín grams).
6. Average number of seeds per head.
7. Aveíage nunber of seeds per tíll-er.
B. Number of seeds produced.
9. Average yield per head (in grarns).

10. Average yield per Ëiller (in grams).
l-1. Yield per planË (in grams).

If a plant withín a test ror^r ürere missing, Ëhe two adjacent

plants were disregarded during the collectíon of data. The number of

planËs harvesËed from each subplot thus ranged beËT¡reen fifËeen and

sevenËy-nine for a total of 3rB7B plants.in the 108 subplots.

St,aËisËical Analysis

In the hope that, Ëhe eleven dimensions of varÍation could be
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reduced, the conventional staËist,ica1 analyses vrere preceded by a

search for principal comporients from t,he single plant observations.

The inËrapLot variances for each of the eleven agronomic

characterístics and the major components were then computed and

subjecËed to an analysis of variance and to a multíple regression

anaLysís. A1 I- computations r^rere carried out by Ëhe use of the

UniversiËy of Manitoba IBM 360-65 compuËer systern Ëhrough programs

developed by Ëhe author. A description of the anal-ytical methods

ís as follows:

I. Principal__Cocpone_nt AnalJsís i

The objective of this analysis was Ëo reduce Èhe number of

agronomic characËeristics studied t,o a fewer number of components,

each component being a 1ínear funcËion of the eleven characËerístics.

The scores of the índívídual plants on each of the more imporËant

componenËs wí11- then be calculated and subjected to further sËatísËícal

anal-yses.

PrÍncípal componenË analysis was devísed in 1-933 by IIoËelIing

(L24) and its techniques \^rere described by Kendal-l (156) and Cooley

and Lohnes (45). Briefly, and in the presenË context, it is a method

to determine, from the observed agronomíc characteristics of the

single plants, a set of independenË línear functions whích could

account for the observed variation in the plants, i.e., functions

whích involve no more Èhan simple addition and subt.ractÍon of .the

observations, and such that the values of one function are noË
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coïïelated with the val-ues of any other. They are deríved in such a

way Ëhat the firsÈ príncipal comPonenË accounËs for the largesÈ

possible proporËíon of the ÈoËal variaËíon in the planË characteristics,

the second for Ëhe largest possible proportíon of the remaining

varíation and so on until al-l- the varíaËion is accounted for. Thus

¡he sum of the variances of the components equals the sr.¡m of the

variances of the original charact'erÍstics.

In pracËice it is frequently found Ëhat the total varíaËion can,

for aLl pracËical purposes, be accounËed for ín Lerms of fewer

componenËs Èhan the number of characÈerístícs íniËiaLI-y observed. In

this way the analysís can lead to a considerable condensatíon of the

daËa. Further, because they are índependenË of each oÈher, the

values of these functions are more amenable Ëo study by Èhe con-

ventional staËisËícaL methods Èhan are the oríginal daËa.

The main limiËatÍon of thís method ís that some of the prÍncipal-

components, aLthough deríved foLLowing sound sÈatistÍcaL :procedure'

may not have any physícal meaning. In spite of this and other

l-ímÍtatíons biol-ogísËs are more and more f índÍng príncípal cornponenc

analysÍs a useful ÈooL in the sLudy of multivarlaËe data' (see for

example 30, LzL, L22, 256 and 297).

Mathematícally, and in Ëhís presenÈ contexË, Ëhe score of

plant i on the k th. component , Lyi, is a línear transf omation of the

data of Ëhe planË ín question for the eleven agronomic characÈerístícs

(lij, j:IrL1-), affected by a seË of coefficíents, or loadings (a¡¡,

3:LrIt). These LoadÍngs aïe comparable to a seË of sËandardized

lì,i,...ïili
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partíal regression coeffícienËs of component k on the eleven

characteristics and may be wrítten as:

fti = "a:f:_i+ ^uz'zi+ "' + ^kLL'LLi

11 i=t,nl, a,_.2 . .

5=1-kj 
-3 i k=l,P

r¿here z.- is Ëhe sËandardized observatíon of plant í for characteristíc
-J r_

í'
v.. - u..JA 

J

Ja o.
J

Uj and o. are the mean and sËandard deviaËion for characteristic j_J _J

respect,ively, and g, m and ¿are the number of plants, the number of

characterist,ics and Ëhe number of components, respecËively.

This relaËionship may be wrítten in mat,rix notatíon as:

¡l - ^l 
al

' (p,n), = ^ (p,*)' (mrn)' 
,

The calculation of the factor loadings maËrix A = a.,- \nras
JK

carried ouË Ëhrough a principal componenË analysis of the eleven

agronomic charact.eristics based on the 11 x 11 correlation matríx

calculat,ed for Ëhe observaËíons Ëaken on all plants. The method

is described by Cooley and tohnes (45). The major principal

components, accounting for the largest amount of variability were

int,erpreted and retained for furËher study. The component scores

for each plant on each of the major componenËs \^rere then calculated

according to the formula reported above and subjected to the

following two sËatístical analyses.

i=1rn
j =1rm
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II. Analvsis of Variance

For each of Èhe eleven agronomic characteristics studÍed and

Ëhe rnajor principal components retained, the intraPlot variances r^7ere

calculated from single-pJ-anË measurements "rra "o*ponent 
scores

respectíve1y.

The íntrapl-ot variance observed among the pJ-ants of a subplot

includes a spacing effecË, a genoËypic effect, a seed size effecË and

all- possíble ínteractions and may be wrítËen as:

vi3tn, = u+ri+pj *orj *Bk su+ (gs)ou+ (ls)3t+ (n")3u+

(pes) jkø + .ri5t 
*

where Vi¡t l, Ís the intraplot variance for the subploË of the iËh, re-

plicat,íon, jth. planË spacing, kth. genotype and .&Ëh. seed size and

i = 1¡6i j = 1-r3; k = Lr2 and I = 1r3.

The other symbols represent Ëhe conËribution of the effect in

questÍon Ëo ühe intraplot variance and are as follows¡

U ís the general urean ínt'raplot variance.

r. is the contribuËíon of the ith. replicaËion.
a

p¡ is the contribution of Ëhe jËh. plant spacíng
J

o,, is a random contribution of maín plot ij .
r-J

g¡ is Ëhe contributíon of the kth. genoËype.

"g i" the conËríbution of the .CËh. seed size.

(g")f.í is the contribution of the kth. genotype of the .{,th. seed

síze.

(ne)3t ís the conËríbution of the kth. genotype so\trn at the jËh.

:,j .:l

1...-..
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spacing.

(p.)jg is the contribution of the &th. seed size sor¡rn at the jth.
. spacing. r j.: ._

.,i.':,,,,_,,;l

(pg")jkø ís the contribution of the &th. seed size of rhe krh.
genoËype under the jth. spacing.

and ei5t<.1, is a random cont,ríbution of Ëhe i jk¿Éh. subplot.
,t'.'rt:: ' ''The intrapLot variances were subjected to a logarithmic trans- ;.ii,,'.,,,,,
ir1,,:,':::.' : r,

formaËion and the transformed daÈa for each variable were subjecËed :

ir:,,'t.l'¡
to an anal-ysis of varíance according Ëo Ëhe fol-lowÍng allocation of ¡:¡¡;:'l':::::

degrees of freedom:

Source of Variatíon Degrees of Freedom

Replication
Plant spacíng

línear componenÈ
quadraËÍc component

MaÍn-p1-ot error

GenoËype
Seed size
GenoÈype x seed size
Spacing x genotype
Spacing x seed sÍze
Spacíng x genoËype x seed síze
Subplot error

Total-

5
2

10

1

2
2
2
4
4

75

LO7

All main effects and interacËíons \^rere tested for slgnÍfícance.

On Èhe assumpËÍons Ëhat competítion of unequal seed types increases

the variance in the mixed populaËion, and that ít, decreases wíÈh increased

planÈ spacing, Ëhen competition effects mãy be investigated through an

examination of the ÍnteracËions invoLving pLant spacing.
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The effect of planË spacíng on the ÍntraploË varíance was

estímaËed by a linear regressíon coefficient of the íntraploË

variance on pl-anË spacíng for each of¡

l-) Pure genotype (bg1).

2) Segregaring genorype (bfZ)

3) Uniform seed size (smal-l and large cornbined) (b"f).

4) Unsorted. seed síze (b"Z).

The degree of competiËíon d.ue to genotype r"¡as then measured. by

the difference bgZ - brlr and that for competíÊíon due Ëo seed size

dj.fferences by the difference b"2 - b"1. These differences \¡reïe ËesËed

for signífícance by sËandard statístical procedures.

III. MulËiple Resression

This analysis atËernpted Ëo partiËion Ëhe intraplot variance into

íts assumed components. Two models, addítíve and multiplicative were

recognized.

A. Additive Model:

Takíng any agronomic characterísËic such as yield, or any princípal

component, Ëhe Ëotal variance observed among the plants of a subploE, for

any subpl-oË may be wríËten as;

V:Vo+Vl+V2+V3+V4+V5

where
i

Vo is the environmentaL variance.

i;ì:riÉlri¡:
i i: :-::".:'':a:--j:l
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V- is the variance added due
-L

V^ is the variance added due
¿

V^ is the variance added due
J

V t is Ëhe variance added due
' dífferences ín genoËype.

and V- is the varíance added due
' diff"rences in seed size.

to differences ín genoËype.

to differences in seed size.

to wíder planË spacing.

to competition arisíng from

Ëo competit,íon arísing from

Each of the subploËs uËilized .Ln this experiment contains,

withín íts total variance V, the environmental variance Vo plus

varying degrees of the other varíances V, to V, depending upon its

Ëreatment combínatíon. P1oËs of each treatmenË combination may,

Ëherefore, be described by a set of six independent variables xo to

x- to corresÞond r¿ith V to V- as is shown in Table 1.5'05
The values selecËed for each of the independent varíables

x- Ëo x- shown in Table 1 range from 0, where Ëhe effect ís noËo)
present to 1, where the effect ís presenË to a ful1 extent.. The

values of .5 were selected where the,effecÈ r¡/as assumed to have a

moderate effect. The values-of xo are al-l- fixed at, orie since all- the

ploËs conÈain the environmenÈal variance.

The intraploË varíance wíll then be a function of xo to x5

and may be writËen as a nultiple regressíon equation of Ëhe typ'e:

V' = bo*o * b1*1 * b2*2* b3*3 * b4*4* b5*5

where the coefficíenËs bo to b, rnay be estimated by least squares

methods such as:

X(V - Vt)2 = minímum. The summation ís over all plots.

¡ : i.:. :. :.:..i
i jjlr:: --



TreaËment combínaËíon

Genotype

TABLE 1

VALUES oF THE INDEPENDENT VARIABLES (xo - *.)
ASSIGNED TO EACH TREATMENT COMBTNATION IN THE

MI]LTIPLE REGRESSION ANA],YSES

Source of varíability

Pure
Pure
Pure

Seed
Spacing Size

Pure
Pure
Pure

2"
2"
2"

Pure
Pure
Pure

Smal1
Large
Unsorted

4"
4"
4"

Segregatíng 2"
Segregatíng 2"
Segregating 2"

Environment Genotype
(xo) (xr )

Srna11
Large
Unsorted

6"
.llo
6"

SegregaËíng 4"
Segregatíng 4"
Segregatíng 4"

1
1
I

Sma1l
Large
Unsorted

Segregatíng 6"
Segregating 6"
Segregating 6"

1
1
1

Sma11
Large
Unsorted

Seed Pl-ant
SÍze Spacing
(xz ) (*a )

0
0
0

I
1
1

Sma1l
Large
Unsorted

0
0
0

0
0
1

I
1
1

GenoËypíc Seed size
Competítion Competítion(*+) (*s)

Smal1
Large
Unsorted

0
0
0

0
0
0

0
0
1

I
1
I

I
1
1

0.5
0.5
0.5

0
0
1

0
0
0

1
1
1

1
1
1

1
1
1

0
0
1_

0
0
0

0
0
I

0
0
0

1
1_

1

0
0
1

0
0
0

0
0
0.5

0.5
0.5
0.5

0
0
1

1
1
1

0
0
0

1
1
1

0.5
0.5
0.5

0
0
1

0
0
0

0
0
0.5

0
0
0 N

\o

,-;F
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The parËia1- regression coefficÊents b1 to b5 esËimate the amount

of varíance added to Ëhe subpl-ot variance as: a result of a unít

increase in the coïrespondíng independent variable. Sínce Èhe ranges

of Èhe Índependent varíables x1 to x5 are a1-1 0 Ëo 1, t,he parËíal re-

gression coefficients wiLl- esËimate Vt to V5 as defined earlier. The'

defínitions of V3, V4 and V5 however, wilL have Ëo be modified sínce

Ëhey are dependenÈ on the choíce of the val-ues for x3, x4 and x5.

The modified defínitions are as foll-ows:

V3 is Ëhe variance added by íncreasíng the pLant spacing from- ltt ¡e Stt. (V3 is assumed to eqr.lal twice Èhe variance added
by increasing the pLant spacíng from 2tr to 4rt or from
4rr to 6rr ).

V4 is the varíance added due Èo competition arísing from dÍfferences
in genoËype as a resul-t of decreasíng the plant spacing from
6rt Èo 2tr. (V4 is assumed to equal- twíce Ëhe variance added
due to genotypic competitíon as a result of decreasíng Èhe
plant spacing from 6rr to 4tr or from 4rr to 2tt).

Vt is Ëhe varíance added due to competÍËion arising from- differences in seed size as a resulË of decreasing Èhe
pl-ant spacing from 6rr to 2tt. (V5 is assumed to equal twice
the variance added due to seed size compeËltion as a result
of decreasíng the plant spacing from 6rt t,o 4tr or from
4tt to 2tt).

Since Ëhe values of xo ín Table 1 are aLl- fixed at one, and the

values of x1 to x5 have al-l been set aÈ 0 for the ËreaËmenË combinations

which do noË :contain the effect ín question, the vaLue of bo, Èhe

íntercept of Ëhe muLtipl-e regression equation, wíL1 esÈimale the

environrnentaL variance Vo.

The proportion of variance due to each of Vo to V5 may Ëherefore,

be calculaËed dírectly from the coefficients of the multipl-e regressíon

equatíon as:

r"::-i.ai4't 'f

¡.'..!.'n ..
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b.
o-a

a5
(í=0,5)

x b.
j=0 J

The sËandêrd errors of bo to b5 provide tests of significanee

for Ëhese estímates. The square of thé multipLe correlaËion coefficÍent
t

Ri.'ZS+S provides an estimate of the percent of the Ëotal varíability

among the ínËraplot varíances due Ëo Ëhe fíve sources of variability

xl to x, and may be used for comparísons between i¿ariables and wíth

other sÈudies.

For each agronomic characteristic studied, and for Lhe major

princípal components retaíned, a multipl-e regression was fítted to

measure the effect of the índependent variabl-es on the inËraplot

variance. The values of Vo to V5 were cal-cuLated in each case and

tested for sígnifÍcance. The daËa matrix for each analysís consisted

of 108 p1-ots, each conLainíng one dependent variable, Ëhe intraplot

v.¿riance, and fíve independent variables x, to x5.

The subpLoË daÈa r^rere corrected for replicatíon effect and for

main plot x repLication Ínteraction prÍor to the multiple regression

analyses. The correction factor added to Ëhe variance of all subplots

of spacíng i of replícation ;i_ was

Þ. - M..1IJ

where Þ, is the mean variance of the ith. spacíng and M' is Ëhe mean

variance of maín plot !j.

B. - Mu-ltiplicative Model :

In ÈhÍs model- the variance observed among the pLants of any
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subplot (V) rnay be wriËËen as:

V = Vo.v1 .v2.v3.t4.t5

where Vo is Ëhe environmental variance, vl, u2, u3, vO ar.d v5 are

multipliers measuïíng the respecËive effects on Ëhe environmental

varíance of : genotypic díf ferences , seed síze díf.f.erences ,

íncreased spacíng, genotypíc competítion and seed size competítion.

The variance of the plots of each Ëype of Ëreatment combinaËion

may be described by a sirnílar equaliËy dependíng upon Ëhe structure

of Ëhe Ëïeatment combinatíon. A 1isË of the Ëwelve equalities ínvolved

in thís study Ís as follows:

Type of Treatment CombínaËíon

Genotype Spacing Seed size
Pure
Pure
Pure
Pure
Pure
Pure
Segregatíng
Segregating
Segregating
Segregating
Segregating
SegregaËing

Uniform
UnsorËed
Uniform
Unsorted
Uníform
UnsorËed
Uniform
Unsorted
Uniforn
UnsorËed
Uniform
UnsorËed

2"
2"
t ll

¿+

4"
r llo
.llo
2"
2"
4"
4"
t llo
lllo

V=V
V = Vo.vo.vc
v = vo. (i^)t
v = vl.v2l (v3)%,kù'¿
v = vo.vl
V = Vo.tl.t"
V = Vo."i.t"

__oV = V .Vt.vr.Vrr.Vq
v = vo."i. <i.lå . Gò'4
v = vl.'i.'2. C"3>%. &ù4.&ù'¿
V = Vo."r.t.
v = vo.ti.tl.t.o'

ExËracting the logarithrns of boËh sides of each of these

equations generates on Ëhe right hand side, the i-ndependenË variables

xo to x5 presented in Table 1, where the unknor^rns are Ëhe logaríthm

of Vo and Ëhe logarithms of v, to v5, and on Ëhe left hand side, the

i .,.
_it :'.
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Logarithms of the inËraplot variance.

The multíple regressíon of the logarithrn of Ëhe intraploË varíance

on Ëhe set of índependent variabl-es presented in Table 1 wíll Ëherefore 
:,

yiel-d a set of coefficients bo Ëo b5 measurÍng the logariËhms of Vo and

vl fo v5.

,T;he net conËríbution of each source of variation to the totaL 
:

variance will be 
:

v.:vv. - v (í:l_.5¡
l- oL o

and the proportional contribution to the total variance

\/
_au--
r_) (í=o,5)

xv.:
j=0 J I

i

i

where V' to V- are Ëhe variances added as defíned for the additive model. iIJ

For each agronomíc characterístic studied, and for each of the

major princípa1 components retained, an analysis similar to that

presented for the addíËive model was performed. The dependent variable

in each case r^ras the logarlthm of the ÍnËr:aplot variance. The co'

efficients of the resulting multíp1e regression equaÈion'brere re-

transformed before calculating Lhe varíance proportions:

Vo was Ëaken as Èhe antílogaríthm of bo

and v- was Ëaken as 10(bi * bo) - l-Obo (i#o)
1
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E)PERIMENTAL RNST]LTS

I. Príncipal ComponenË Analvsis

The íntercorrelatíons, Pearson producË momenË, among the eleven

agronomíc characteristícs are presented ín TabLe 2. Of the 55 possible

correlation coefficíenËs, 48 are sígnificant at t1ne 57. 1eve1, 46 of.

which are signíficant at Ëhe L7" o'r lower l-evel-s.

The correlation Ëable shows high intercorrel-ations among number

of tíllers, number of heads, number of seeds and yield (r t .90);

among the number of seeds per head, number of seeds per tí11er, yield

per head and yield per tiller (.90 > r > .68); and faírly strong

inËercorrelatíons among the 1000-kernel weight, yíeld per head and

yíeld per ti11er (.90 > r > .66). Plant height and per cenË ferËile

tillers have no high correlations with any of the agronomíc

characterístícs studíed and may be índependent.

Five princípal components extracted from the 1l- x 11 correlat.ion

maËrix accounËed f.or 99.27 per ceriË of the Ëotal variabilíty and were

reËained for further analyses. Table 3 presents Ëhe princípal com-

ponent patËern. A brief descríptíon of Ëhese components is as follows:

The first component (Cr) is the most ímporÈanË componenË. It

accounts for over forËy-four peï cent of the toËa1 variability. It

is a general component common to all characteristics. Its highest

1-oadíng is on yíel-d and can, therefore, be defined as'ryiel-díng abílíty't.

IË loads hígh1y on those characËeristics which are more logically



Agronomíc characterístic

TABLE 2

PEARSON PRODUCT MOMENT CORRELATION COEFFICIENTS AMONG PAIRS
ELEVEN AGRONOMIC CHARACTERISTICS (t)

1.

2.

Plant heighË

Number of tillers

Number of heads

Per cenË fertile tillers

1000-kernel weight

3.

4.

5.

6.

7. Number of

B. Number of

9. Yield per

10. Yield per

11. Yield per

Number of seeds per head

seeds per tiller

seeds per plant

head

ti1ler

plant

-02

-02

(t) Decimal points ornítted.

02 -03

40 -01

05 l-s

06 L2

00 93

27 10

26 07

97

17

00 06

t3 -07

2L 49

95 13

OF

il i,,,
,l:,ri,l

07

L4

L6

03

69

66

23

09

15

9L90

10

-02

4L

L4

..,..:.:j

B2

11

39

BO

68

40

42

6B

83

43

30

JJ

97

90

43 46

(Jt
Ln

'¡li'.'¡;tr
,4i
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CharacterisËícs

TABLE 3

PRINCIPAI COMPONENT }4ATRIX FOR
ELEVEN AGRONOMIC CHARACTERISTICS (f)

cr c' c,lt cru cv

1. Plant heíght

2. Number of til-ler

3. Number of heads

4. Per cent fertile tillers

5. 1000-kernel weight

6. Number.of seeds per head

7. Number of seeds per tí11er

B. Number of seeds per planË

9. Yield per head

l-0. Yield per tíIler

1l-. Yield per planË

Variability explaÍned (%)

1-B 31

67 -72

7L -69

26 L2

40 52

68 40

74 4L

B4 -53

73 60

77 60

90 -40

44.2 26,0

60 34 -63

L7 -03 01

06 13 01

-53 B0 02

58 24 41_

-23 -52 -20

-50 00 -L6

-01 -03 -05

18 -23 L2

-06 L4 11

11 02 05

L2.4 LO.7 6.0

; r-:'ì l

(t) Decíural poínts omitted.

i::1.:,li.r'

iii:-.:r! ''
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relaËed Ëo yield v_iz_. number of tillers, number of heads and number

of seeds per p1-ant.

C11 accounts for twenËy-síx per cenË of Ëhe variability and is -' .rr,',

composed of a combínation consísting of the number of heads and number

of tillers in one direction, and the yield per head and yíeld per tiller

ín the other direction. Its loading on yíeLd does not exceed .40. ,',',,,

This rel-ationship may defíne Ëhis component, afËer changíng the sÍgns 
i:rr:ìa

l:,,:,r.rj:
of iËs loadíngs, as a measure of ttphysiologic homeostasisir. ¡";,¡1:i.

CItt í" inf l-uenced mostly by pl-ant heíght and the 1000-kernel-

weight in one direction and by Ëhe per cenË fertile tíl-l-ers and the

numberofseedsperËí1lerínËheopposiËedirection.IËaccountS

r'orL2.4%ofËhet'ota1variabi1iËy.ÏtíShereËermed'tsterí1ítyrr
I

for further identification. 
i

i

The fourth princípal- component (C1y) accounËs for 1-0.7% of. tlne 
i

total variaËion. ït l-oads highest (.80) on the per cent f erËil-e til-lers. i

IË al-so l-oads negatively (-.52) on Ëhe number of seeds per head. This 
i,:,:...

ís probably a result of the arithmet,ic ínvolved ín the calcul-atíon of t¡.'i;:,,,

Èhese two characterístics f rom the oríginal observat,ions and the i,,,,...
''-:.::

Índependence of this component from the characterisËic number of

seeds per ËílLer. This component may Ëherefore be referred Èo as a

ItmaËhernatic arËifícerr componenË. 
¡rr¡i.¡,r

cu Ís the l-east ímportanË príncípa1- component. rt accounts for !!;:iijl

six per cenË of the Èotal variaËion. ft loads híghesË (-.63) on plant

height and, Ín the opposite direcËíon, (.4t) on the 1000-kernel- weight
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IË is here termed ilshortness" for further identífícation.

A 3-dirnensíonal representation of the relationship arnong Ëhe

agronomíc characterisËics with the fÍrst three príncipal components

as Ëhe reference.axes is shown in Fíg. 2. The distances in Ëhís

3-dimensíonal space between varíous paírs of charact.erístÍcs are

presented in Table 4.

A distance between two variables should be looked at as the

disËance between ËT¡ro points locat.ed close to the circumference of

the unit circle (t). A distance of ñ = \.474, therefore, índicates

a nul1 relationship between the two varíables because the t\^ro vectors

representing them form a right angle between them. Dístances smaller

than 1.414 índÍcat,e posítive correlatíons up Ëo a distance of 0.0

representing i-dentity of the two vecËors or ful1 correlation. Similarly,

distances larger than 1.414 indícate negative relations up to a dísËance

of.2.0 which índicates that the ËT^7o vecËoïs are at lBOo angle or a

complete negative correlation beËween the two variabLes concerned.

Fígure 2 and Table 4 reveal the relative positíons of Ëhe eleven

agronornic characËerístics. Three groups of charact,erísËícs coul-d be

recognízed: Group 1 consísts of the number of heads, number of Ëíllers,

number of seeds and Ëhe yield. The second group contaj-ns the number

of seeds per head, the number of seed-s per ti11er, the yíeld per head

and the yield per tiller. Plant height and 1000-kernel weight form the

:::,::i:...
:': i': ;'.' .i:

(t) The actual distance of a point from the ceritïe of the circle is
Ëhe sums of squares of the loadíngs for Èhe characterístíc concerned
across the príncipal componerì.Ës defining the space 

i.,=:i;,:,:,,
¡ :.: :-::::-. ì:



59

Fig. 2.

I{t = Plant height. T = Number of tillers' fl =

FT = Per cent f ertile tillers ' KI^I = 1000-kernel

Number of seeds per head. S/T = Number of seeds

Number of seeds per plant . Y/H = Yield per head'

ti1ler. Y = Yield Per Plant.

Relative positions
characterisËics in

of eleven agronomic
3-princípal comPonent space

Number of heads.

weíght. S/H =

per tiller. $ =

-t/T = Yield per

liïiiì¡:i¡:iri.f i!ìIñ



Agronomic characteristíc

1. Plant height

2. Number of tillers

3. Number of heads

4. Per cent fertíle tillers

5. 1000-kernel weíght

6. Number of seeds per head

7. Number of seeds per tiller

B. Number of seeds per plant

9. Yield per head

10. Yield per head

11. Yield per plant

DISTANCES BETI,TEEN AIL POSSIBLE PAIRS OF
CHARACTERISTICS IN 3-DIMENSIONAL SPACE

TABLE 4

L.22

L.25 .L2

1.15 t,L7

.31 1.33

.97 1. 19

L.24 L.32

1.23 .31

.75 L.32

.93 r.34

L.L2 .40

1. 10

1.35 1.19

1.13 .59 .87

L.24 .s6 L.14

.22 L.02 L,28

1.30 .98 . s3

1.30 .84 .74

. 35 1. 04 t_. ls

10

.28

.97 L.O7

.46 .7L

.28 ,48

.90 1.03

l-1

1. 15

1.13 ,24

.L9 r.02 L.02

Or
O
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third group. Per cent fertile tillers does not fall into any disrínct
grouP although ít ís closest to the second group of characteristics.

Expandíng the relatíonships shown in Fig, 2 ro the fourth and

fifth dimensíons on the basis of Èhe loadíngs of c1y and cu shown ín

Table 3, íË wíll be clear Ëhat the characterisËics of group 1 do not

diverge from each oËher in these ner^r dímensions. A small effect on the

number of seeds per head of group 2 is evídent ín the fourth d.imension,

while the Ëwo characteristics of group 3, plant height and l_Oog-kernel

weight are differentiated consíderably in the fifth dímension.

II. ALalysis of Variance

The íntraplot variances for the 108 plots for each of the

eleven agronomíc characteristícs studied are 1ísted, wiËh the number

of plants from which each variance was calculated, in Appendix 1.

ïnÈraplot.variances for the scores on each of the five principal

components reËained are shown in Appendix 2.

IntrapLoË varíance means of the eighLeen ËreaËment combínations

are presented for the eleven agronomíc characterisË.ics and for the

fíve principaL components'ín Appendices 3 and 4, respectívèLy.

ResulËs of the analyses of variance performed on the logarithms

of the intrapl-oË variances for the eleven characteristícs and five

component,s are presented in Tables 5 and 6, respecËively.

These analyses revealed significant effects of pi-ant spacing,

especíally the l-inear componenL, on Ëhe variances of all agronomíc

t': .

| '. .

¡:.-::



ANALYSES OF'VARIANCE
VARIANCE FOR ELEVEN

' '. I

Source of VarÍalion

Replications
Plant spacinC (P)

linear coTnponent
quadratfc torpoo"nt

Main-plot error
Genotype (G)

Seed sfze (S)

GxS
PxG
PxS
PxGxS
Subplot error

TABLE 5

Degrees
of

freedon

OF THE LOGARITHM TNTRAPLOT
AGRONOMIC CHARACTERISTTCS

Plant No, of No. of
height tí1lers heads

5

2

(1)
(1)

10

I
2

2

2

4

75

.337 .552

.470.* 4.L72**

.939* 7.913t *

.00.2 .43L

.102 .256

.069 .039

.077 .066

.086 .063

.0s4 .025

.135¡t . 087,t

.030 .001

.039 .033

* Signfflcant
** Slgnificaot

.511 .292x

4.584** .454*
8.640'+* .163
.527 .744x

.229 .085

.081 ..L66

. i.04't .054

.034 . L39

.014 .077

.076 .loo

.003 .120

.033 .050

Per cent i000- No. of No. of No. of
fercil-e kernel seeds seeds seeds
t,illers weight per head per tlller per plant

Mean, Square

âË the 5Z
at the LZ

1evel.
Leve1.

.487 .087

l. g65r(rr .4f 5rr

3.536** .611*
.234 .2l-9

.r89 .076

.085 . 250,t*

.L24 .183*'t

.069 .029

.005 .026

.164¡k .015

.o24 .044

.064 .023

.091

.088

. r31

.045

.045

.107*

.170,+*

.004

.011

.007

.006

.oL7

.536

5. 832rr¡t

10.827*¡k
.822

.248

.029

.184,t*

.000

.005

.070

.015

.035

Yield Yield Yle1d
Per per Per
head . tlller plant

.077 .064 .391

.702x* .272t1 6.032*tt

L.244,tx .506* 1I.379**
.160 .038 .685

. o8s .059 . 188

;321*'t.2OZr,* .026
.070'r .083* .109

.026 .013 .006

.069* .030 .024

.006 .002 .033

.0L5 .004 .004

.019 .019 .036

o\
f\)

.{
lìi

ii.¡



Source of variation

TABLE 6

ANATYSES OF VARTANCE OF THE LOGARITHM IMRAPLOT
VAR]ANCE FOR FIVE PRINCIPAI COMPONENTS

Mean Square

Replícations

Plant spacing (P)
1ínear componenË
quadratic component

Main-plot error

Genotype (G)

Seed size (S)

GxS

PxG

PxS

Degrees
of

freedom

cr ctr
Yíelding abí1ity HomeosËasis

5

2
(1)
(1)

10

1

2

PxGxS

Subplot error

,295

2 .151'l*
4. 138**

.165

.L34

.097

.104¡t

.007

.017

.014

.003

.027

* Significant
** Significant

.101-

.7 69**
1.298**

.239*

.042

.209:k*

.040

.018

.058*

.027

.013

.018

:il.í

cr.,
clll u"rr,åLti" cv

SËerilíty artifice Shortness

at the
at the

.393**

.L27""

.253*

.001

.029

.08l?k

.093*

.062*

.007

.0L7

.024

.019

5% level.
1% level.

75

.205?k

.111

.032

.190*

.037

,297*x

.069

.048

.020

.042

.077

.033

.429**

.433?h

.739?t*
L2B

066

L25

081

079

OBB

113

019

043

.,:.

i.::

o\
U)
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characËeristics and príncipal components wiËh the exception of the

number of seeds per tiller and C1y, the mathemat,ic arËífice component.

Significant effecËs due to genotype, seed síze and theír inËeraction

wiËh planË spacing were also deËected for some agronomic

characteristics and príncipal components. The inter:actíon genoËype

x seed size was significant ín one ínsËance onl-y. The main effecËs

are sÈudíed ín Tabl-es 7, I and 9, and the ínËeractions invoLvíng

plant spacÍng are studied in Tabl-es 10 and 1l-.

Tabl-e 7 shows Èhe mean intraplot variance of the three planË

spacings for each of Ëhe varíables studíed. Except for per cent

ferËile tillers and Cry, the mathematic artifice component, wíder

pLant spacing increased the intraploÈ varíance. A linear relationship

beËween plant spacíng and the logariËhm ínËr:aplot variance was, in

most of these cases, as shown from Tables 5 and 6, sígníficant.

Table I shows, for each of the variables sËudied, a comparíson

beËween intraplot varíances of the pure genoËype and that for the

segregating popuLation. In every case, the mean intraplot varíance

for the segregating material was greater Ëhan Ëhe correspondíng mean

for the pure genoÈype. These dífferences, however, r^rere sígnificant

onLy for Ëhe four agronomÍc characËerisËics measuríng production of

graÍn per uniÈ head or til-Ler. The dífferences for Ëhe components

CïI, Cr' and CrU were sígnifícanÈ at the one per cent level as

shown from Table 6.

Table 9 shows Èhe mean íntraplot variance for the three seed
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TABLE 7

MEANS AND STANDARD ERRORS OF ]NTRAPLOT VARIANCES FOR PLOTS

SOWN AT THREE PLANT SPAC]NGS FOR ELEVEN AGRONOMIC

CHARACTERISTICS AND FIVE PR]NC]PAL COMPONENTS (t )

Standard
Agronomic characËerístic 2tt spacing 4tt spacíng 6lr spacing error

Plant height
No. of tíl-Lers
No. of heads
% f.erxiLe ÈÍl-l-ers
l-000-kernel weight
No. of seeds per head
No. of seeds per cÍl1-er
No. of seeds per planË
Yield per head
Yield per Ëi11-er
Yíeld per p1-ant

Pgíncipal _oomp_oqent

Cl : Yielding abÍlity
Cft : Homeost.asis

CIïI t Steril-ity
C : MaËhemaËic arËífÍce
IV

CV : Shortness

4.77 6

L3.66L
11_.819
0.011
5.52L

26.072
32.525
L4.L22
0.037
0.042

L4.650

B. 21_0

3 .304

1. 148

1.111

o.23L

6.331
39. 898
3 6. 918
0.007

LL.546
40.L6s
39.628
52.811
0.060
0.056

53.99s

17.252

5.664

I .300

0.950

0.345

8.081
62.880
s8.268
0.009

15. 3 20
39.843
39.s90
84.228
0.068
0.062

9r.397

24.76L

6.L32

1. s08

L.224

0.368

1. 130
t.2L4
L.202
l_. 118
L.182
L.IL2
1.085
L.2LO
1.11_B
1 .098
1_. 181

1.151

1 .081

1.068

L.077

1. 103

( t) Retransformed daËa.
multíplicatívely.

Standard errors are a-pplied to the means
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TABLE B

MEANS AND STANDARD ERRORS OF INTRAPLOT VARIANCES
FOR PURE AND SEGREGAT]NG GENOTYPES FOR EACH

OF ELEVEN AGRONOMIC CHARACTERISTICS AND FIVE
PRINCIPAL COMPONENTS (I)

Agronomic characteristic Pure
Standard

Segregating error

Plant height
No. of tíllers
No. of heads
% ferti-Ie tíllers
1000-kernel weight
No. of seeds per head
No. of seeds per Ëíller
No. of seeds per plant
Yield per head
Yield per tíller
Yield per plant

Principal cogponent

ct

clt
cttt
clv

cv

Yielding abilíty

HomeosLasís

SËerí1iËy

Mathematíc artífice 0.965

Shortness 0.285

5. 899
31.090
27.608
0. 008
9.302

31. 045
34.498
38. 73s
0.047
0.047

40. 186

14. 180

4.39L

L.230

6.626
33.938
31.319
0. 010

10. 582
38.7 48
39. BB0
40.796
0. 060
0.058

43.L86

L6.279

s.378

L.396

L.229

0. 333

r.064
1. 059
1. 059
7.072
1. 083
1.048
L.042
1.061
1. 045
1.045
1. 061

L.052

1.043

1. 045

1.059

L.067

(t) Retransformed data. Standard errors are applied Ëo

the means multíplicaËively.
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TABLE 9

MEANS AND STANDARD ERRORS OF INTRAPLOT VARIANCES
OF THREE SEED SIZES FOR ELEVEN AGRONOMIC CHARACTERISTICS

AND FIVE PRTNCTPAL COMPONENTS (I)

Agronomic characterísËic
Sma 11

seed
Large

seed
UnsorËed

seed
SËandard

error

PLant height
No. of tillers
No. of heads
% f.erxíle til-l-ers
1000-kernel weight
No. of seeds per head
No. of seeds per Èil-ler
No. of seeds per plant
Yield per head
Yíel-d per tíl-l-er
Yíeld per pLant

PríncíÞal compgnent_

CI : Yielding abílity
Cïï t HomeosËasis

CIIïr Sterílity
CTV t Mathematic artifice
C : Shortness'
V

5,583
32. sL6
29,063
0.008
8.622

29.772
32.55L
37.188
0.049
0.048

39.620

L4.028

4.630

1.238

0,977

o.272

6.353
29.4t4
26.L47
0.009

ro.026
33.963
35.443
35.363
0.052
0.051

37.9s8

t4.269

4.669

L.2L3

1.110

0.32L

6.890
3s. t36
33.457
0.009

LL.297
4L.263
44.230
47 .7 67
0.059
0.059

48.07 5

L7 . s2L

5.308

1.500

L.LgL

0.335

L.079
1.073
1.072
1.089
L.LOz
1.060
L.052
L.O7 5
1.055
1.055
1.075

1.06s

L.052

1.055

1.073

1.083

(f) Retransformed data.
mu ltip licatívely.

SÈandard errors are applied to the means
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types st,udíed, for each of the eleven characteristics and five

principal components. ft is noted Ëhat, ín every case, the variance

for the unsorted seed type ís greater than Ëhe corresponding variance

for the unÍform size seed. These differences \^rere, as shown from

Tables 5 and 6, significant for six agronomic characteristics and two

principal components.

The effecËs of competÍËion, as measured by comparison of the

linear regression of the Logarithm of intrapl-oË varÍance on pl-ant

spacing for the tl^ro compared seed types, are presented in Tables

10 and l-1.

Tab1e10showsËheeffectofcompetitionduetodífferencesÍn

genotype on each of the variables studíed. No sígnificant effects of i

I

genoËypic competition \^7ere detected for any of the agronomíc 
l

:

characterístícs and princípal component. sLudied. l

Table 11 shows the effect of competiËion arísing from dífferences

ín seed size on each of the variables sËudied by comparing the regression 
.,::_::,;:,,i.::,;

coefficÍents for the uniform seed size wíth those for the unsorted t 
'¡'

¡ ., ..1. ., .,.

seed. The effect of competÍtion due Ëo seed size was found to be :, : :"

significant for fíve agronomic characteristics and one princípa1

comporient.

ïII, Mult,íqle Regressíon Analysis

The ínËraplot variances for the L08 plots for each of the eleven

agronomic characËerístics studied and the five príncÍpal components
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TABLE 1-O

EFFECT OF COMPET]TTON DUE TO DIFFERENCES IN GENOTYPE
0N ELEVEN *åääI|^:'åffiä'-åi;:"' AND FrvE

Regressíon coefficient (f)

For pure For
genotype

GenoËypic
segregatÍng compeËition

genotype (dÍfference)Agronomíc characteri stic

Pl-anË height
No. of tillers
No. of heads
% fertiLe tílLers
1000-kernel- weíght
No. of seeds per head
No. of seeds per Ëiller
No. of seeds per plant
Yíeld per head
Yiel-d per ti1-1er
Yield per plant

Principal- compojnenË

C- : Yíelding ability
I

CïI r Homeostasis

CïIï t Sterility
CIV r MathemaËíc arËifice
CV : Shortness

,0s58
.1640*'k
. I SP g:k:t

-.0269
.l-060?k
.0389
.0L52
, 1945?k?k

.0590'.ç

.0343

.lp$JJcx"

.1157rk*

.0647r1r1

.0262

,0007

.0518

.0s83

. 1553?k*

.l$\|tzr
-.0237

. 1055;c

.0335

.0r47

. f $Jl:kJs

.O472rc

.0304

. l$S$:kJc

-.002s
.0087
.0056

-.0032
.0005
.0054
.0005
.0094
.0108
.0039
.0L27

.0054

.0L72

-.000 1

-.0L02
.006s

.llQJ;r:t

.047 5sc

.0263

.01_09

.0453

(t) S1-ope of l-inear
variance.
SígnífÍcant aË
Significant at

regressíon on planË spacing of logarithm intraploË

the 5% level.
the 1% l-evel.
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TABLE ]-I

EFFECT OF COMPETIT]ON DUE TO D]FFERENCES IN
SEED SIZE ON ELEVEN AGRONOMIC CHARACTERISTICS

AND FIVE PR]NCTPAL COMPONENIS

Regression coefficient (-f )
Seed síze

For uníf orm . ForunsorÈéd competítion
Agronomic characteristíc síze seed seed (difference)

PlanÈ height
No. of til-lers
No. of heads
7. fertí1e tillers
l-000-kernel weight
No. of seeds per head
No. of seeds per Ëiller
No. of seeds per plant
Yield per head
Yiel-d per til-1er
Yield per .plant

Prjnciqal éomponent

Yíelding abilíÈy
HomeosÈasis

Steril-ity

.0750Y. .02L3 .0537Y.

. 1839?k?k .ll)/a>ktv .0545ir

.l)l)rr..d: . lJ/J:'c:k .0539Yr
-.03s6 -.0002 -.03s4

. 1354:t* .06L6 .0738'k

.0502:t .0377 .0125

.0278 .0085 .0193

. f lJ$fcrc .L542rrx .0596't

. Q$$!rc* .0609:c .0073

.0440't .0377 . 0063

.2L09*^* .L7 45'¿ç,) .0364

.L295;'x . i006>ktr .0289

.0777 xrc .0460 .0317

C ï
ctt
crtt
tru
CV

.0364 .01_61 .0203

Mathematic artífice .0054 .0209 -.0155

Short,ness .0687?k .0145 .0542*

(t) Slope of linear regression on planË spacíng of logarithm intraplot
variance.

:k Signif Ícant, at the 57" level.
:k:k SignifícanË at the 1% level.
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reËained are presented, with Èhe number of plants from which each variance

was calculated, in Appendices I and 2. Results of the multiple re-

gression analyses according to Èhe additíve and multíplicative models

\Arere as f oLlows:

A. Additíve Model:

labl-e 12 presenËs, for each of Ëhe eleven agronomic characteristics

sËudied, Ëhe values of Ëhe multiple correlaËion coefficíenË and the

partiaL regression coefficients measuríng the effects of the independenË

varíabl-es presented ín Table I on the íntraploË variance. The co-

effícients of Ëhe multíple regression equation, bo Ëo b5 esËimate the

amounË of variance contribuËed by each of the envirormtent Vo, and the

other fíve effects under study, V1 Ëo V5. It is noted Ëhat, except for

one characterisËícr pêr cenË fertile Èi1l-ers, a signÍficanË effect

of the sources of varíation on the inËraploË varíance r^ras found. The

multíple correlatíon coefficients for Ëhe number of Ëi1-lers, number

of heads, number of seeds per plant and yÍeLd exceeded .70. A large

part of Ëhis effecÈ was Èhe contribuËíon of wíder planË spacing whích

was the major factor in mosË of Ëhe characÈerisËics under study.

GenoËypic differences díd noË show any sígnífícant effect on the inÈra-

pl-ot variance in any of the agronomic characterístics studíed. Seed

size diffeïences increased the intraplot varíance sígníficanËLy ín two

characteristÍcs, number of seeds per head and number of seeds per ti1Ler.

Increased varianqe due to compeËitíon Ì^las not revealed in any

characËerísLÍc sËudÍed.



Agronomlc characterf stlc

Plant helghr

Nurnber of tflle¡s
Number of heads

Per cent fertlle. tillers
1000-kernel weight

Number. of seeds per head

Nunber of seeds per tlller
Nurnber of seeds per plant

Yield per head

Yteld per ti1ler

Yleld per plant

RESULTS OF THE MULTIPI,E REGRESSTON ANALYSES. FOR ELEVEN AGRONOMIC CHARACTERISTTCS
ACCORD]NG TO THE ADDITIVE MODEL

TABLE 12

Multfple
correlation
coefficient

(R)

0.38t

0.73rcrr

0. 76:r*

0.29

0.49**

0.50**

0.50rc*

0.77r,*

0.63t tc

0.54**

0.77*',|e

Enviror¡¡ental Genotypf c
effect effect,(bo) . (b1)

(.JJrt* 1.14

15.71**

12.34**

0.01**

5.69**

23.69ì'c*

29.L7**

L6225*

0.034**

0.03 7**

14.44*

?k Slgnif icant at the 57".level.
t'cJc Slgnifícant aË the L% leveL.

Seed
size

effect
(bz)

- 1.35

-4.00

-0.35

0.003

L.43.

11.66*

10.34*

6505

0.007

0.006

7.00

5.63

9.05

0.001

L.39

6.73

2.85

5782

0.007

0.006

7.00

Spacing
effect

(b3 )

Genotypic
conpeÈftion

effect
(b4)

0.49

-3.86

-6.44

0.001

1.09

3.86

2.58

-44s8

0.009

0.007

-3. L6

4.95**

57 .92*rc

53.00*,?

-0.003

1?. 05't*

L4.46*

9.37

773I9*x

0.034**

.0.023#
83.75:eÈ

Seed size
competition

effect
,or, 

,

3.30

11.81.

8.88

-0.003

2.10

-L.52

2.46

8604

-0.004

-0.002

3.L2

i

I

I

I

I

I

ì
I
I.

I

,

I
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The percentages of the inËraplot variance due to each source,

as calculated from the coefficients derived from, the additive model,

are presenËed, for the eleven agronomic characterisËics sËudied, in

Table 13. I,üider p1-ant spacing was the major source contributing to

the intrapLot variance. rt accounted for over 72 per cent of the

varíance for yield. This source, however, had l-ittl-e effecË on Èhe

four characterist,ícs which measure production per uniË head or unit

Ëíll-er ví2., number of seeds per head, number of seeds per Èi1_Ler,

yield per head and yíe1-d per tiller. The conÈributÍon of the environ-

ment ranged from L2.4 per cenË for yield to 67.2 per cent for the per

cent fertiLe till-ers. The genetíc contribution to the varíance was ín

all cases low and ranged beËween 5 and 11 per cent. Effect of

genotypíc compeËiËion hTas negligíbLe in most cases whíle competition

arÍsíng from seed síze differences accounted for over 23 per cenË of

Èhe variance in plant height.

ResulËs of the multipl-e regression analyses of the princÍpaL

comPonent scores varÍances are shornm, for each of the f Íve components

reÈained, in Tabl-e 14. The coefficíents of the mul-tiple regression

equatíon bo to b, estimate the amounË of varíance contributed, Ëo the

component scores varíance, by each of the envíronment, Vo, and

the other five effecËs under study, V1 to V5. It is noted that

there exists a signifícant effecË of the sources of variaÈion on

the variances of a1-1 components, The multÍp1-e correLation coefficíents

decreased with the decreasing importance of Ëhe components:



Agronomic characËerÍstíc

TABLE 1.3

PER CENT VARIANCE DUE TO THE VARTANCE COMPONENTS FOR ELEVEN
AGRONoI'fiC CHARACTERISTICS (ADDITIVE MODEL)

Pl-ant height

Number of tillers

Number of heads

Per cent fertile tillers

L000-kernel weight

Number of seeds per head

Number of seeds per tíller

Number of seeds per plant

Yíeld per head

Yield per tiller

YieLd per plant

Genotypic Seed size
Envirorrnental Genotypíc seed síze Spacíng compeËítion competitíon

effect effect effect effect effect effect

30J76

17.25

L4.82

67.22

23.92

39.23

5L.37

14.18

35.83

44.7r

L2.42

8.08

6. 18

l-0.87

7.97

5. 85

IT.L4

s.03

5.05

7.90

6.66

6.02

( t) Negatíve conËríbutions were considered zero.

0.0 (t )

0.0

0.0

20.28

6.01

19 .30

L8.22

s.69

11 .06

t2.32

6. 83

34.33

63. 60

63.65

0.0

50. 78

23.94

16. 51

67.s6

3 6.03

28.LL

72.05

3.46

0.0

0.0

4.53

4. s8

6.39

4.54

0.0

9. 1B

8.20

0.0

I

I

I

I

I

I

23.37

L2.97

L0.66

0.0

B. 86

0.0

4.33

7 .52

0.0

0.0

2.68

I
I

!

I
i
I

I

I

I
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I
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Principal component

TABLE 14

RESULTS OF TTTE MTILTIPLE REGRESSION ANAIYSES FOR FIVE PRINCTPAL
COMPONENTS ACCORDING TO TITE ADDITIVE MODEL

Ct - Yíeldíng abílity

Ctf - Ilomeostasis

Ctll - Sterílíty

CfV - Mathematíc artifice

CV - ShorËness

Multiple
correl-atÍon
coefficient

(R)

&

¿¿
SígnificanË at the
SignífícanË at the

Q,Jl*rc

0. 65**

0 ,47**

0.36*

0. 35,k

Envíronment.al Genotypic
effect effect
(bo) (br)

B. 01**

2. BBtr*

1. 02**

0. 96*t

0.22**

troÌ

L7.

leve1.
1eve1.

Seed
síze

effect
(b 

z)

2.58

0.24

0.10

0.33

0. 05

Spacing
effect

(b3)

3. 51

-0.15

0. 20

0.34

-0. 01

Genotypíc
compeËitíon

effect
(b+)

L7.73xx

3. B5**

0. 52*,k

0. 06

0. 20*

Seed size
compeËition

effect
(b -).)

-r.45

1. 18

0. 07

0. 05

0. 04

0.31

1. 16

0.2L

-0.25

0.11

!
(.rr

i;
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Rt.12345 :.72, \.fZ¡+S : .35. The change in the Íntraplot variance

of the componenÈ scores, however, r^Tas solely due to wider plant

spacíng in al-1 componenËs wíËh Ëhe exception of CrUr the maÈhematic

artifice component.

The percentages of the score inËraploË variance due to each

source, for each of Èhe five componenËs, as câLcul-ated from the co-

effícients derived from the additive model are presented in Table l-5.

tr'Iide planË spacing was Ëhe major source of varíance for Ëhe first two

princípal components. It accounted for 55% of. Ëhe variance of the

scores on C1, yieLding abílity, and 4L% of the variance of the scores

on Crr, homeosËasis. IË also conËributed a large proportion to Èhe

variance of the scores oT CIII and CU. CïU, the mathematic artífice

componenË, was not affected by wider p1-ant spacing. Envirorrnental

conËributíon Ëo all components was appreciable and ranged beÈween

24 and 54 per cent. The genetíc and seed size effects were Low for

all components wíËh the exception of CïV, where each cont,ríbution

approached 20 per cenË. CornpetítÍon eff ects r^lere generally low; each

of seed size competítion and genoËypÍc competition contribuËed abouË

1-3 per cent to t,he varíance of Ct, scores, and seed size compeËiÈion

contributed 17 per cent to the varÍance of CU scores whích measure

plant heíght.

B_. _ Mul-tipLicative Mgdel::

ResulÈs of the multíple regressíon anal-yses for the multíplicative

model are presenËed in Table l-6. The coefficíents v, t,o v, are the



Principal component

ct

TABLE I-5

PER CENT VARTANCE DUE TO THE VARIANCE COMPONENTS
FoR FrVE pRrNCtpAL CoMPoNENTS (ADD]TIVE MODEL)

- Yíeldíng abilíty

- HomeosËasísI]

arr, - Steril-ity

CtV - Mathematíc artífice

CU .- ShorËness

Genotypíc Seed size
EnvirorrnenËa1 Genotypíc seed size spacing compeËitÍon compet,it,ion

effect, effect effect effect effect effect

( t) NegaÈive contríbutíons were consídered zero.

24.93

30.96

48.04

54.85

35.73

8.04

2.54

4,87

L9.LL

9.35

10. 91

0.0

9.31

19.68

0.0

55.16

4L.34

24.37

3.37

3L.96

0.0 (f )

L2.72

3.44

2.99

6.23

0.96

L2.44

9.97

0.0

L7.33

{{



TABLE 16

RESULTS OF THE. MULTIPLE RNGRESSION ANALYSES FOR ELEVEN
AGRONOMIC CHARACTERISTICS ACCORDING TO THE

MULTTPLTCATTVE MODEL (t)

Agronomic characterf stlc

Plant helghr

Nùmber of tlllers

Number of heads

Per cenÈ fert,lle tille¡s
1000-kernel welghc

Nunber of seeds per head '

Number of seeds per til1er
Number of seeds per plant

Yfeld per head

_Yfeld per tiller

Yteld per plant

Multiple
correlatÍon Envf rorr¡rental
coefffcient effect

(R) (vo)

0.51tr*

0.85?ttç

0.86?'r:b

0.26

0.65**

0.59:Hr

0.54**

0.87*;*

0.7lt'c*

0.60#

0.88**

4.00*tr

L2.09rkr.

]-O.29rdÊ

0.01tr)b

4.5ó:l*

21 . 3 2ìt*

26.96i,*

L2679.!r.t1

0.03tr*

0.04#b

13.40#

:k SignificanÈ at
>kic Significant at
( f) Retransformed

Genotypic
effect
(v, )

L.L4

0.99

1.04

L.2o

1.08

1.11

1.09

0.97

1.08

1. 10

0.9ó

Seed
sfze Spaclng

effect effect(vr) ('s)

the 57; LeveL.
the 1% l-evel-.

coeffÍcienËs.

0.90

0.90

0.95

t.24

0.9t

L. ¿J

1. r.9

1 .00

1. 14

1. 16

t..05

Genotypfc Seed sfze
competiÈion competÍtion

effect effect(r+) (vr)

1.99**

5.gg**'

6.32*)b

o.72

3.66ftr'

1. 7g**

1.37**

7 .77*'c

2.22**

1. 67**

7.7gr{d-

0.98

L.2L

I. 18

I .00

1.10

L.26

1. 13

1. 18

1.41r(.e

L.24

L.25

r.64

1. 65:l

1. 64:!

0.72

1.97*

L.L2

L.20

1.73*

t.07

1.06

1.40

{
@
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antiLogarithms of the parËía1 regressíon coefficíents and they represenË

multípl-íers aff ecÈing the envirorrnental variance Vo which is the anti- 
,,:,.,:.:r::.:

logarithm of bo. A v value of uniËy does noË conËribuËe Ëo the toÈal- -: :ì : l

varÍance while values larger than one increase the variance multi-

plicacÍvely. The tests of significance of v1 to v5 are, therefore, for 
. : ,,diff erences f rom uníty rather t,han f rom zero. It Ís noted f rom Tabl- e L6, 

¡,,.,r.,..,,..r,1:ì: r: ',: ;,.,:.-:,

that the rnultiplicative model revealed, for ,a11 agronomic character 
;-_.:. 1,;:,.

istics studied with the exception of per cent ferÈíle tillers, ìr.:;.:':::''::

significant effecËs of the sources of variation on Ëhe intraplot

varíance and larger multiple correlation coefficients than Ëhe cor-

respondíng coeffícients deríved from the additive model. The effect of

wider plant spacíng was highly significant in all these cases and
.

increased the variance by from 1.37 to 7.79 Eimes the envíronmental 
i

variance. No signifÍcanË effect of genotype or seed size was detected

ín any agronomic char:acterístíc. The effecË of genotypic competitÍon

was signif icant for yie'd per head' seed size competition showed 
,¡,,,-.;, ,¡-.,; ,,,,

sígnificant effects on Ëhe variances for the number of tÍlLers, number ',', , , ,

'-:: :: .:

of heads, 1000-kernel weight and the number of seeds per pLant. ,,..,,1, ,',',".,

Table 17 shows the percenËages of Ëhe Ëotal variance due to each

source for each of the eleven characterísÈics as calculaËed from the

results of the regression analyses according to the multiplicative model.

I,[ider plant spacing is the major source contributing Ëo the total

varíance. fËs contributíon to the varíance of the 1000-kernel weíght

was 55 per cent. The envírorunenÈal contribution was the next major



Agronomíc characterist,íc

TABLE 17

PER CENT VARIANCE DUE TO THE VARÏANCE COMPONENTS FOR

ELEVEN AGRONOM]C CHARACTER]STTCS (UUI,ITPI,TCAT IVE MODEL )

Plant heíght

Number of tillers

Number of heads

Per cent f ertil-e til-Lers

1000-kernel weight

Number of seeds per head

Number of seeds per tÍller

Number of seeds per plant

Yíeld per head

YÍeld per tiLler

Yíeld per plant

Genotypic Seed size
EnvíronmenËaL Genotypic Seed size Spacíng competition competítion

effect effect effect effect effect effect,

36.36

L4.58

13.9L

69.44

20.7 6

39,97

50. 60

11. s3

34.24

44.95

LL.79

4.9L

0.0

0. 61

L3.77

L.73

4.46

4.44

0,0

2.86

4.42

0.0

(t) NegaÈíve contríbuËions were considered zero.

0.0 (t)

0.0

0.0

L6.79

0.0

9.00

9.69

0.01

4.7 4

7.32

0.57

35.44

72.80

7 4.02

0.0

55.14

3I.29

18.86

78.00

41.85

30.01

80.03

0.0

3. 10

2.52

0.0

2.t4

10. 41

6.56

2.03

13.92

10. 58

2.gI

23.29

9.52

8.94

0.0

20.23

4.87

9.85

8.43

2.39

2.72

4.70

0o
O

l;i:
1:a

.i;:
!1:i
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conËríbutor. Tts contributíon reached approxímately 70 per cent for

the per cent fertile tillers and over 34 per cent for each of the

varíances in plant height, number of seeds per head, number of seeds

per Ëiller, yield per head and yield per til1-er. The cont,ributions

of genotypic differences, seed síze dítferences and competiËion were

small ín all buË a few cases.

ResulËs of the multiple regression analyses for the multiplicative

model for each of the five princípal componenËs are presented in Table 18.

The coefficíents v1 to v5 are the anËílogarithms of the parËíal re-

gression coeffícients and Ëhey represent mul-tip1-iers affectíng the

eni¡fronnrental variance, Vo, whích is the antílogariEhm of bo. I/üith

Èhe exceptíon of CrUr the mathemat,Íc artifice component, the multíple

correlaËíon coefficients r^rere sígnifícant at Ëhe one per cent leveL

and l-arger than Èhe corresponding coefficients of the addiËive model.

Spacíng effect was sígnifícanË in four componenËs. GenoËypíc competitíon

showed signÍficanË effects on Ctt while seed sÍze competítÍon affected

C' and CU significantly.

Table 19 shows Ëhe percent.ages of Ëhe total- variance in the scores

of each componenË due Ëo each varÍance source calculaÈed according to

Ëhe mulËiplicative model. Wíder plant spacíng was Ëhe major contributory

source to the variance of the firsË t\^Io components. IË also con-

Ëributed heavily to the variances of C11t and Cy. The contribution of

the envirorlnenË ranged beÈween 23 and 64 per cenË. Genotype and seed

size differences contributed 14 to 18 per cenË to the variance of CtU.

it: - :



PrincípaL componenË

TABLE ]-8

RESULTS OF THE MULTTPLE REGRESSION ANALYSES FOR FIVE
PRINCTPAL COMPONENTS ACCORDTNG TO THE

MULTTPL]CATTVE MODEL (t )

ct - Yíeldíng ability

- HomeostasisIÏ

C - Sterilicv
TTT

C - Mathematic artifice
IV

Multiple
correlation
coeffícient

(R)

V
- Shortness

:k Significant at
:kJc Significant aÈ
( t) Retransformed

. $lJc:k

0.7lJc

g. \)scx

0.34:t

g.\$'!dt

Environmental
effect
(vo)

Seed
Genotypíc size

ef f ect ef f ec.t
(v1) (v2 )

6,96)d(

l.Sgrcrc

0.96

0.90

0. 19

the 57. l-evel.
rhe L% level.

coefficienÈs.

1 .05

t.02

L. t0

L.28

1. 11

Spacing
eff ect

(v3 )

1 .08

0.99

L.t2

Genotypic
compet,ilÍon

ef f ect
(va)

J. [QJcJc

2.45tY',v

1.44'k'k

1.05

l. Pg:k:k

r.23

O. BB

Seed síze
competíÈ ion

ef f ect
(v5 )

1. 19

I .1414tc2)

1.06

0.99

1. L0

1.30

L.34r<

L.2L

0. B7

l. 65?k*

@
l\)

¡

t

it
'.ai)

'¡.{



TABLE 19

PER CENT VARTANCE DUE TO THE
FOR FIVE PRTNCTPAL COMPONE}ÍIS

PrincÍpal component

ct

C-- - HomeostasisII

- Yíe1díng abilíty

C - Sterílitv
TTT

C - Mathematic arËífice
]V

cu

Envirorunental Genotypic
effect effecÈ

- Shortness

(t) NegaLive contributions were considered zero.

VAR]ANCE COMPONENTS
(uui,mplrcATrvE MoDEL)

23.63

30. 78

sl.98

64.37

35.15

L.2L

0. 68

5.23

17.88

3.98

Seed size Spacíng
effect effect

L.99

o.o(t)

s.98

L4.72

0.0

Genofypfc Seed síze
competition competÍËion

effect effect

6L.42

44.67

22.9L

3.03

34.42

4.5s

13. 41

3.24

0.0

3.67

7.20

L0.46

L0.66

0.0

22.78

@(,
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Genot,ypic competition constituËed L3% of. the variance of C11,

homeosËasis; whil-e seed size competiËion accounted for 10 to 23

per cenË of the variance of three components.

i1, .' .

- 
ìi f



DISCUSSION AND CONCLUSÏONS

!ùíËh the excepËíon of the principal component analysis, the

staËístical analyses in this study r¡rere a1-1 performed on the inËraplot

variances for each of the plant characterÍstics and on the intraploc

variances for Ëhe componentst scores, which are functions of these

characterístics. Anal-yses of Ëhe acËual magnitudes of the character-

istics, which are adopted in convenËional anal-yses, do noË contríbute

to the objecÈives of this study and were Ëherefore ignored. These are

presenÈed for reference, in Appendix 5, as ËreaEment combínation means

computed for each agronomic characteristic over the six replications.

ft, is assumed that Ëhe intraplot variance provides an adequate

measure of the amount of varíability exístíng in a plot and encompasses

more or'1.ess equal range of each of the varÍous variance components.

IË is however recognÍzed, Ëhat due to the relativel-y smalL sample

size, an average of 36 plants per plot, and due to the complex

ínheritance of most of the characteristics under sËudy, each ploË may

encompass a lesser amount of the geneÈic and the genetic compeËítional

varíances Ëhan of the other Ëypes of variance viz.z Ëhose due to

envirorunent, spacíng, seed size and seed size competition. If thís

is the case, the former two types of varíance may be underesÈimated.

The naËural limitaÈions ín the scope of this study should be

noted. The results obtained are based on one yearls data and, therefore,

are dependenL on the environmenËal conditions whích prevailed in 1967

and their interacÈions with a specífic seL of experimental materíal,
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i.e., one cross in one species. The repeatabilíty of t,he results can

not be determined. As a consequence, ernphasís is placed ín the

f o1-lowing discussion on the anal-ytical methods. The procedures

devised in measuríng the effects under study may be of ímportanee in

providing an approach which can be used in similar situaÈions.

I. The ?rÍ_rlcipal- Cornponents

The use of the multivariaËe analysís method, principal component

analysís, was effecËíve in full-y descríbing Ëhe eleven agronomíc

characteristics by means of the five functÍons CI Ëo CV. The percentage

variabílíty Left unexplaíned does not exceed L% of that in the eleven

charact,erístícs. Further iË provided a simplified picture of the

interrel-ationshíps among yíeld and the morphologÍca1 yíeld components.

An arrow díagram i1l-ustratíng the effecË of the five principal

components on the eleven agronomÍc characteristics, based on the

príncipal- component matríx shown in Table 3, is presented ín Fig. 3.

The first principal component, termed rryielding abilitytt,

accounËs for 44 per cenË of Ëhe variance in the eleven agronomic

charact,erístÍcs and may be written as:

CI: .L8zr* .672r* .7Lzr* .262O'f .4ozr¡ .6826# .742, *

* .842, * .732, * .77zrO * .902'

where z, Ëo ,LL_ 
^r. 

the standard deviaËes for the eleven agronomic

characteristics in the order listed in Table 3.
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The score of any plant on Ëhís component, is greatly affected by

íts yíeld and Ëhe ot,her characteristics related to yíeld ví2., number

of tillers, number of heads, number of seeds per head, number of seeds

per tíL1-er and number of seeds per plant. Plant heíght and per cent

fertile tÍ1l-ers conËribute little Ëo Ëhe p1-anË score on thís component,.

The interrelationships of yield and the major conËríbuÈors Ëo yield are

fu1ly expressed in Ëhis funcÈíon.

The second principal component, termed trphysioLogic homeosËasisrr,

accounts for 47% of the varíability remaining afËer Ëhe firsÈ component

is extracted. As seen from íËs 1-oadíngs on the varíous characteristics,

thís bipoLar component, descríbes a quant.itatíve balance between the

number of producing unÍËs and the amount of production per unit,

i.e.-, as the number of tillers, heads and Ëotal number of seeds produced

increase, there is a corresponding decrease ín the number of seeds per

Ëíl1er, number of seeds per head, yield per tíller and yield per head

with tot,a1- yield Little affecÈed. This relaËionship conforms with Ëhe

Ëheory of physÍol-ogíc homeostasís as ouÈl-íned by Lerner (L76).

FurËher, sÍnce principal- conponents are mutually orthogonal, yielding

ability, as described by the firsÈ component, and physiol-ogic

homeostasís, as defined by Ëhis component, a:re not correlated.

The term rrsËerilityrt T^ras chosen for the third principal component

for lack of a better descríptÍve term. This bipolar component is

affecËed by plant height and 1000-kernel weight ín one dÍrectíon and by

the per cenË fertile tÍl-Lers and number of seeds per tíl1er in the

opposíte directÍon. IÈ indicates that ta11er plants, wiËh heavier
tr::!
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kernels, produced a smaller number of head bearÍng tí1lers and

consequenËly a smaller number of seeds per tiLler. This may be an

effect of breakage and loss of heads wÍth shrívelled or l-ight seeds

before and during harvest

The fourËh comPonenË T^las te1r¡ed ttmathematic artif icett. It

shows a negative assocíation between the per cenË fertile t,illers

and the number of seeds per head and is independent of the number of

seeds per tilLer. These Èhree characteríst,ics \^rere compuËed for each

p1-ant from the harvesÈ data by the possíble ratios of number of heads,

number of tillers and number of seeds per plant. For any plant, the

product of the per cent, ferËíle tillers by the number of seeds per

head ís arithmeËically equivalent to Ëhe number of seeds per rill-er

which is, as far as this comporient is concerned, a constant. This

resulted in the observed negative but spurious relatíonship between

the two characterisËics comprising this component.

The fífËh princípal component was termed rrshorËnesstt for lack

of a be'cter agronomic expression. rt is a bípolar component, affected

negatívely by plant height and posirively by Èhe 1000-kernel weighr.

Short, plump-seeded plants wi11, therefore, have high scores on Ëhis

comPonent. Being the least imporËanË component, accountíng for no more

xhan 6% of the totaL variabiLity, conclusions drawn about iË should be

given litËLe concern.

The relative distances of the agronomic characterisËics from each

other in 3-dimensíonaL space, presented ín Table 4, are a by-product of
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the princípal component analysís. They provide another aspect for

examiníng the interrelatíonships among the variables and a method of

grouping thern on Ëhe basis of these relatÍonshíps.

The distances among Ëhe agronomic characterisËics, in the

5-dimensional- space defined by the five principaL componenËs, have

been computed from the principal- component matrix and are presented in

Appendíx 6. Any discrepancy beËween these disËances and the rheorerÍcal

dÍsËances in Ëhe l-l--dimensíon space, whích may be compuËed from the

índívidual correlation coefficients ^" õ-(t-lõ, wÍ11- be due to

díversÍons ín the sixth Ëo the elevenËh dímensions, Those, however,

are negligíb1-y smal1-, Índícating again Ëhe adequacy of describing Ëhe

el-even characteristics by fíve principal components.

A comparison of Ëhe conclusíons drawn from the analyses of the

eleven characËeríst,ics and of the five príncÍpal components will foll-ow

Ëhe discussíon of the results of each of the Ëwo analytícal methods,

the analysis of variance and the muLtíp1e regression.

II. Analy-sís of _Vari_ance

The analyses of variance of the logaríthms of Ëhe inËrap1-oË

variances presenËed ín Tables 5 and 6 emphasize thaiu the major factor

affecting plant-to-plant varíability wiEhin a plot is planr spacing.

Wider plant spacing was found to íncrease the inË::apLot variance

sígnÍfícantly for ten agronomic characËeristics and four príncipal

components. The varíation in the number of seeds per tíLler was

little affected by plant spacing, although, as seen from Tabl- e 7 it

Ì .:j :;"-- .i ; i
.:.:..: .:: .
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increased from the 2-inch Ëo Ëhe 4-inch plant spacing. The variance

of the scores on the fourth princípa1 component, mathematic art,ifice,

was also independent of plant spacing and the mean variances for the

Ëhree plant spacing treatments studied followed no regular pattern.

The effect of plant spacing on the logaríthm of the ínËraplot variance

was found to be of a linear naËure indicatíng an exponential effect

of plant spacing on Ëhe intraplot variance. An examÍnatíon of the

retransformed mean inËraploË varíances reported in Table 7, however,

indícaËes a betËer fÍt to a straight linear relatíonship for most of

the agronomic characterisÈÍcs and major componenËs. These relationships

are presented for the eleven agronomíc characterisËics in Figs. 4 and 5,

and for the five prÍncípal components in Fig. 6.

YÍeld and Ctr, yieldíng abíi-ity, are agronomicalLy the most

ímportanË variables studíed. The intraplot variance for yield ranged

from 14.6 r.or the 2-ínch plant spacing to 91.4 nor rhe 6-inch plant

spacing averaging an increase of 19.2 units in the íntraplot variance

for every one ínch increase in pl-ant spacing. ThÍs represenËs 1317"

of the varíance in yield of plants sown at 2-Ínch spacíng. The

correspondíng figures for C, are an increase from 8.2 to 24.8

averaging 4.L unít.s for every inch íncrease in plant spacíng which

ís equivalent t,o 507. of the iníLíal variance observed for the 2-inch

spacing.

A segregaËing population is expected to show a larger plant-to-

plant varíability than a more homogeneous one. ThÍs was observed ín
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the experímental results for all agronomic characteristics and

principal componenËs. These dífferences, however, \^rere sígnifícant

only for four agronomÍc characteristícs and three príncipal componenËs .. ,,:

excluding c' yíelding abílity and íts major contribuËors. The

variables for whích this effect r¡ras significant are the agronomic

characteristics measurÍng production per head or tiller and the I , ,

'.4.,..,..:a.'principal components eomprising these characterisËícs u-í.z.z number ::

i'.:'.r:..; .of seeds per head, number of seeds per tíller, yíeld per head, yield i,;.,,1r-,;.,

per tíLLer, c1', cïïr and cru. The f ailure Ëo det,ect signíf icance of

thís effect for the other agronomic characËeristics and principal

components ís attributed to Èheir larger experimental errors in Ëhe

analyses of varíance. This ís evÍdenË from an examination of the
:

standard errors reported in Table B. Furthermore, the large variaËions ;

I

in the three plant spacing ËreatmenËs may cause the inabílÍty of 
I

i

detecting sígnifícance of smaller differences such as Èhose beËr¿een 
:

the two genotypic types.
, :: : - :1r 

i. ir'l

The unsorËed seed, as reported in Table 9, gave in all cases r,,:'','"',
,''. .. ,'

larger int,raplot varíances than t,he uníform sized seed. The differences ,' ':":""
:.: l.: l.:.j_:.:

among variances for the three seed types were found to be híghly

sígníficant for Èhe agronomic characËeristics number of seeds per head,

number of seeds per Ëiller and number of seeds per pLant and significant 
i.,i,..,,

at Èhe 5% level for Ëhe number of heads, yield per head and yield per 
::':'::¡:;ì: r"'

tí1Ler. SignÍficant differences among t,he variances of the three seed

types were also detected for yíelding ability as measured by the first
principal- component where Ëhe mean variances were 14.0, 14.3 and l7;5 

ir::: ,: ,,,::

i1,ì,i::i:itri



for the small, large and unsorted seed, respectively. A similar

effect was also found for the variances of CttI which ís a funcËion of

plant height and sterílity. trlhen the variances of the smal-l- and the ,,,'.,':
large seed types are combined and compared to the variance of the

unsorted seed, the other agronomÍc characterístics also show sígnífícant

díff erences w'iËh the exception of plant heightr per cent f erËiLe ' '.',..''-::,.:.

tíl-lers, 1000-kernel weight CIV and CU. The compared mean varíances

for yíeld were 38.8 and 48.1 for the uniform and the unsorted seed ''"''

Èypes, respecËíveLy.

The measuremenË of the degree of compeËition used in Ëhis

analysís ís based on comparison of Ëwo regressíon coefficÍents of

the logariËhm intraploË variance on the plant spacing. The difference

between Ëhe Èwo regression coefficienËs for the trnro compared seed
',

Ëypes measures the degree of competition. This is illustrated in

Fig. 7 tor some hypoËhetical cases

In Fíg. 7, wíder plant spacing ís illustraËed t,o increase Ëhe 
,i,1 ,,..:::.

variance in the mono-culture plots. CompetiËíon is non-exísËent if the ili; r;r I

magnitude of Ëhe slope applicable to this relatíonshíp hol-ds for the ,:...:.,,.i''::': :':

mixed culture plots, whereas compeËÍtion effecËs will decrease the

sLope of the line representíng the relationship Ín Ëhe mixed cul-ture

plots. A rrnegaLíve compeËítíonlr effect ís represenÈed in Èhe case 
",,ì,,.,::::'''..'

where the slope of the line for Ëhe míxed cuIËure plots is great,er

Èhan that for the mono-culture pLots. These aïgunenËs hold tru.e

regardl-ess of Èhe dírecÈion of the line represenËíng the effecÈ of

96
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plant spacing on the variance in the mono-culture plots.

The slopes of the regression lines representing such relation-

ships for each of the agronomic characËeristics and príncipal components

have been calculated and the dífferences beËween the slopes in the pure

and segregaËíng genoËype and in Ëhe uniform and unsorted seed sizes

r^rere ËesËed for significance and reported in Tables l0 and 11, re-

spectively. The test of signíficance for the dífference between

Ëhe slopes of the two línes representing pure and mÍxed seed types

is equivàlent, ín an analysís of variance, to EhaË for Ëhe interactÍon:

linear spacing component x pure vs, mixed seed, wiËh one degree of

freedom.

AlÈhough mosË of the values measuring genotypic competítion

were posítíve, none r^ras statístícally signÍficant,. Trnro agronomic

characËeristics and Èwo principal components showed negative, buË

non-signíficant genoËypic competÍtíon effects. Furthermore, wÍth Ëhe

exception of two variables, none of the spacÍng x genotype interactions

Ëested in the anaLyses of varíance approached statÍstÍca1 sígníficance.

An índívidual examinaËíon of the variance means of these two variables,

yield per head and Crr, showed that the int,eractíons r^rere due to a

Larger increase in the variance of the mixed population from the

2- to the 4-inch spacÍng treatmenËs as compared Ëo the corresponding

increase in the pure population. Thís Índicates a possible genoËypic

competition effecË aË the closest plant spacing on1_y.

CompetiËion due to differences ín seed sÍze were more pronounced

than genotypíc compeÈition effects. For all agronornic characterístics
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and principal components, with the exception of per cent fertile
tillers and the maËhemaÈÍc artífíce component, the slope of the

regressíon line representíng the effect of pLant spacing on the

intraþlot variance of plots sown wíÈh uniform size seed rnras greater

than the slope of the correspondíng 1Íne calculaÈed from varíances

of plots sown with unsorted seed lndicating a positive competitíon

effect. The significance of these effect,s, however, did noË exceed

the 17" level- and exceeded the 57. level for six varíables only viz.:
plant height, number of tí1-lers, number of heads, l-O0O-kernel weighÈ,

number of seeds per p1-ant and the fifth principal- component which ís

a function of plant height and the 1000-kernel weight. The analyses

of varíance showed sígnificant spacing x seed síze ÍnteractÍons for

only two of these síx variables. Thís discrepancy is due to the

fact, that the anal-ysís of variance measures the ínteractíon wíth

plant spacing of the three seed sÍze types: small, Large and unsorÈed

while in Table 1-1-, the variances of the small and large seed sízes

were combÍned into one category: uníform seed síze and the test of

sígnifícance involved is for the ínteracËíon: linear spacing com-

ponent x uniform vs. unsorËed seed.

The conclusíons drawn from Ëhe analyses of variance of the

variances of the eleven agronomlc characteristics compare favourably

with those drawn from the anal-yses of varlance of the variances of

the fíve princípa1 component.s scores. A comparíson of sígnifícanË

resul-ts obtaíned from the analyses of variance for the two types of
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varÍables, as suntrnatízed from Tables 6, 7, 9 and 10, is presented

in Table 20.

IÈ is noted Ëhat, ín general, a signíficanË effect for an

agronomÍc characËeristic resulted in a correspondíng signÍficant effecË

for the princípal component on whích Èhe characÈeristíc loads híghly.

An example is Èhe quadratíc effect of plant spacing for the character-

istic per cent fertile tÍllers result,íng ín a similar quadratic effecË

on Ëhe'f ourt.h principal component r^ríËh which the characteristÍc is

related wít,h a loadíng of 0.80. In some instances, such as the

effects of seed size and of genotype on the thírd príncipal component,

only one of the varíabLes comprising Ëhe component was enough Ëo

produce the significant effect. fn one case, the effects of each of

the agronomíc chatiacterisËics studied separately was not large enough

Èo show sËatistical signifícance, but when combined in a prÍncípa1

component, the effect,s accumulated Ëo reveal- a sÍgnificant effect.

Thís is illustrated by the sígnificance of the genoËype x seed size

interacÈion for the thírd principal component.

IIf . Multíple R.egressioq

The use of regressÍon methods, raËher t,han analysís of varíance,

for the analysís of data caËegorízed into non-continuous groups or

treatments is not a coflrmon practíce in statistical analysis. A

discussion of the applicatíon of regression methods to such data is,

therefore, presented prior to the discussion of the experimenËa1

ta,:: f¡

t- ...'



TABLE 20

COMPARISON OF SIGNIFICANCE OF RESULTS OBTAINED FROM THE

ANALYSES OF VARTANCE FOR ELEVEN AGRONOMIC CHARACTERISTICS. 
AND FTVE PRTNCTPAL COMPONENTS

Agronomic characteri st,ic

Plant height
No. of tilLers
No. of heads
% fertile tillers
1000-kernel weight
No. of seeds per head
No. of seeds per ÊiLLer
No.. of seeds per plant
Yield per head
Yield per tiller
YÍeld per plant

Princioal cornDonent

Plant spaclng (P)

lÍnear quadratic

CI : YÍelding abÍlity **'

Ctl : HorneosËasis **

C,,I r Sterility *

CtV : Mathematic .artifice
CV : Shortness **

+

f'

S eed
Genotype Size(c) (s)

Significant at, the
SÍgnificant at the

GxS PxG PxS
Int,er- Inter- Inter-
action action acËion

tr* *
tr* *

5%

L%

1eve1.
1eve1.

Genotypic Seed sÍze
competltion competit.ion

Ho
H

l

l

j

I

I

I

,li:

.,:]
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results obtaíned by Lhe mulciple regression analyses.

A.- .I-4sËÞdoloey:

considering two alternate levels of a factor such as pure

versus segregaËing genotype, the intraplot variance of p1_ots sown wíth

Ëhe segregaLing genoËype, for a given agronomic characteristic or

principaL component, includes Ëhe environmental- varíance plus the

genotypíc variance; the íntraplot variance of pl-ots sown with Ëhe

pure genot,ype represents Ëhe envirora¡ental varíance. The objecË of

the analysís is Ëo arrive aË an estimaËe for each of these tvro types

of varlance. The intraplot varÍance for each plot may be represented

on an x-Y scatËer diagram by a point whose ordinate is the observed

varíance and abscissa an arbiËtary díchotomous scaLe of 0, for.plots

sown from pure genoËype, to 1, for plots sown from segregaÈing seed.

The resulËing scaËter diagram saËisfíes the requirernent for a simple

regressíon analysis in ËhaÈ the 4 is an error-free independent

variable and Ëhe I.:is Èhe de¡iendent, continuous variable. The

coeffícienÈs of Èhe resulËing regression equaLÍon, of the type

Yt : bo + bX, whích best fits Ëhe poínts ín the scatter diagram

yíelds Ëhe best estímates of the required parameters, the envirorrnental

varÍance and the genetíc variance, respectively. This is illusËraËed

díagramaÈicaLly in Fig. 8.

In comparíson wíth a one-r^ray anaLysís of variance or the student-t

Ëest, appLicable Èo thís example, ít can mathematÍcally be proven that:

(L) the value of the intercept of the regression I-ine which resul-ts
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Fí9.8.

o

Regression of int,raplot
nominal-type variable

Vo r ionce

Environmentol
Vor io nce

I Uen

variance on genotypêr a

from the regression analysis, bo, equals Ëhe mean of the data for the

treatment coded 0, i.e., Ëhe mean intraplöt variance.of the pure

genotype; (2) Ëhe slope of the regression linen b, equals the

dífference between the means of the Ëhlo treaËments invol-ved and;

(3) the sígnifícance level for Èhe slope, b, is equivalent Ëo ËhaÈ

of the difference betraTeen the two means. Regression analysis is

therefore, in this simple "t"å, equiV'ãlent to an analysis of variance.

This method, however, is applícable onLy to data where the

facÈors may assume tT¡ro alternate levels such as pure versus unsorËed

seed size. In the case where Lhe factor assumes more than Èwo levels,
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Environmentol

Vorionce

o.5 l.O Plont Spocing

Fig. 9. Regression of intraploÈ varíance on plant spacing,
an interval-type variable

Ít is necessary, in order that the { values have a logical meaning,

that Èhe levels are not of a nomlnal-type scale. This was.appl-íed in

this study to estímaËe the effecÈs of plant spacíng and of competitíon

by coding the l-evels of these effects to the ínterval scâles presented

in Tabl-e 1. Fig. 9 illustrates a hypoËhetícal- example for the

regression of Èhe intranlot variance on plant spacÍng..

In such cases the choíce of the coding scale affects Ëhe value

of b, the slope of the regression line, and consequenËly its inter-

pretaÈíon. The O Èo 1 scale for the two- to six-inch plant spacíngs

used in Ëhis sÈudy yields b val-ues measruríng Èhe amount of variance,

(l,
(J
C
c'
t-
c'

o
o-
o¡-
t-
C
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added to the environmental variance, due to increasing plant spacing

from two to six inches.

fn experiments where more than one effect ís investigaËed,

separate regression analyses may be subsËítuted by a mulÈiple regression

analysis whích yields a function whose coefficienËs, being parÈia1

regression coefficienËs, measure the effect of each factor when all

other factors are held constant, provided ËhaL Èhe levels of each

factor invesËigaËed have been properly coded to logícal interval scales

and that proper correcËions are applied Ëo correcË for effects whích

may not be so coded, such as the effecÈ of blocks.

Interaction effects may be included in the multiple regression

analysis by creaÈíng.additional índependent vdi'í.able-s.r.each measuring

a one-degree-of-freedom inËeraction effect, by multiplying corresponding

values of the independent variable for the main effects ínvol-ved ín the

interaction. Thís, however, wÍ11 yield estímates of the partlal-

regressíon coefficients for the maín effect,s whích are confounded wíth

the interacËion effects. Conversely, ignoring int,eraction effecËs

wilL result ín correct estimates of the partial regressíon coefffcients

but wÍ11 produce an error variance r¡hich includes the ígnored lnËer-

actíon effect. Thís is equivalenË Ëo a factorÍal analysis of variance

where the interacËíons are pooled wíËh the experimental 
.error.

Tn general-, Ëhe fact thaË the multíple regression analysis does

noË require a balanced design makes ít a flexíble analytícal method and,

ín many cases a desirable substitute for Ëhe analysis of varÍance. ït

wilL be superior to Ëhe analysis of variance for the analysis of
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factoríal experíments where not all possíb1e treatmenË combinatíons

have been included in the desígn due to Ëheir complexity, and where

the naËure of the treaËmenËs makes it impossible to have a balanced

design such as in the case of an a * b x c factorial-, where a, b and

c are Ëhe levels of the factors involved. It may also substíLute the

analysis of covariance in which case both t,he covariaËes and the treaË-

menËs will be consídered as'iridependent variables. IËs limitations

lie ín the Ínability to measure Ínteraction effecÈs without affectíng

Èhe estimates of the maín effects and Ëhe necessiÈy Ëo correct for all

effects which may not be coded into interval-type scales.

In spiËe of these limitatíons, Èhe mulËíple regression analysis

as used ín Ëhís sËudy, compared wiËh the conventional analysís of

varíance, had an,advantage in the possibiliËy of arrÍving at direct

independent estimates for each effect studied wíth considerably 1-ess

amount of compuËaËions. Furthennore, it was possible to combine the

data obtained of plots sown from small and from large seed into one

category, uníform seed size, withouË encounteríng Èhe difficulty of

unequal subclass nurnbers. The effects of competition were directl-y

measurable, in the regression analysis, by proper coding of the treat-

ment combinaËions for genoËypic and seed size competition while, in the

analysis of variance, these effects were originally masked in the

spacing x genotype and spacing x seed size inËeractions, and ít was

necessary to compute Ëhe dífferences in the regressíon coeffícients

of Ëhe effecË of pLant spacing on Èhe investigated seed types.
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The correction facËor added to t,he variance of the subplots, Ëo

correct for main plot effecËs and reported on page 51, was derived so

as to make Ëhe variance mean of each maÍn ploË equal to that of its

spacing treatmenË. This had the effect of eliminatíng variatíon

among replÍcations and among mainplots of the sane spacing treatment

wíthouË affecting the variabiLity among subploËs.

fn order Ëo perform a detailed comparíson of the two meËhods of

analysis as used ín thís study, it is necessary t,o further part,itíon

the allocation of degrees of freedom in the analysis of variance shown

on page 46, and study the destination of each source of varÍaËíon in the

multiple regression analysis as follows:

1.. J
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Source of Varíation

Degrees
of Handling in multiple

freedom regression analysis

Rep l icat ion

Pl-ant spacing
linear comporient
quadratic componenË

Replication x planË spacíng

Genot,ype

Seed size
smal l- vs. large
uníform vs. unsorËed

5 Corrected for

1 Spacing effect
1 Devíatíons from regression

10 Corrected for

I Genotypic effecÈ

1 DevÍatíons from regression
1 Seed size effect

1 Seed size compeËiËíon

1 Deviations from regressíon

4 Deviatíons from regressíon

75 Deviations from regression

LO7 ToËal

Spacíng x genotype
linear componenË x genotype 1 GenoËypíc competitíon
quadraËic component x genotype 1 Deviations from regression

Spacíng x seed size
Spacing x (small vs. large) Z Deviat,ions from regression

' linear componenË x
(uníf orm vs. : uûsortêd)

quadratic component x
(unif orrn vs. unsorted)

Spacing x genoÈype x seed size

Repl-ications x subploËs

Tota 1

The mul-tiple regression analysís of variance ís therefore as foll-ows:

Source of variat.ion Deglees of fregdom

Due Ëo regressíon
DevíaËions f rom regression

ToÈaL

5
87

92

T^ríth 15 degrees of freedom lost by correct,ion for replicaÈíon and
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replicatíon x plant spacing effects.

Thus, the multiple regressíon analysís provÍded a simplified

method for measuring selected effects with Índividual degrees of

freedom. EffecËs of no interest Èo the sÈudy vrere assumed Èo be small

and were, Ëherefore, pool-ed wiËh the error Ëerm. These effects

\^rere: small versus large seed and íËs interaction with plant spacing,

genoÈype x seed size interact,íon, the quadratic effect of plant spacíng

and Íts interactíons wÍth genoÈype and wiËh seed size and the Èhírd

order interact,ion. Dealíng wit,h ínËraplot varíances, none of these

effects are agronomicalLy ínterpretable and were all assumed to be of

smalL magnÍÈudes. This assumptÍon was, for the mosË part,, confírmed

by the resulËs of the a,nalyses of varíance.

A comparÍson of the concLusions obtained from the results of the

analyses by the two methods will foLlow a discussion of Ëhe results of

the multiple regression analyses

B. Results:

Results of the multiple regression analyses Índicate that wider

plant spacíng is the major contríbutor to the intraplot variance. This

effect was sÍgnifÍcant, for the multiplicative mode1, Ín all agronomic

characteristics and principal components with the exception of per cen-Ë

fertí1e tí1lers and the maËhernatic artifice component. The additive

model- produced símÍLar sígnificant effects wíth one exception, the

number of seeds per tilLer. The íncrease in plant, spacing from two to

six inches caused an increase in the íntraplot varíance for yield from
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L4.4 to 98.2 according to the multiplicaËive model and p1-ots sor/,,n at

ó-inch plant spacing had an average inËraplot variance 7.8 tímes thaË

of plots sown at 2-Ínch plant spacíng. The per cent of yield inËraplot

variance due to wíde plant spacing was calculated as 72% and 80%

for the addítive and multipl-ícative models, respecËively. Simílar

large effecËs of planË spacing on the íntrapl-oË variance were noted

for most of the agronomic characterístics and princípa1 components

studied.

Compared to the effect of pl-ant spacíng, oËher effecËs contríbuting

Ëo Ëhe inËraplot varíance were found to be of lÍtt1e significance. Other

controllable, non-genetic effects are seed size, seed size competÍtion

and genoËypic competíËion. The analysis revealed only few instances

where significance of such effecËs could be deËected. According to

Ëhe additive model, significant competitÍon effects coul-d not be

detecËed for any of the agronomíc characteristícs or principai- components

studied, and seed size effect r¡ras found to be significant for only

Ë\^ro agronomic characËerisÈics, number of seeds per head and number of

seeds per Èi11er and no principal components. The multíp1-ícatíve model

\¡ras more effective in detecting sígníf icant competit,ion effects.

Competition due Ëo genetic differences was found to be signÍfícant for

yield per head and for Ëhe homeostasis component. Seed síze competition

was found to be sígnífieant for Ëhe number of tiLlers, number of heads,

L000-kerneL weight and number of seeds per plant ín addition to Ëhe

second and fífÈh principal componenËs, homeosËasÍs and shorÈness. Seed

síze effect üras not found Ëo be significant in any case.
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Under the conditions of this experiment, the effect, of genotype on

the intraplot varíance did not approach the 5% significance level

f or any of the agronomic characterisËics or principal components ,.,il ,'.a'.:.

studied and T^ras negative in three of the 32 cases tested. Thís

indícaÈes thaÈ Ëhe natural ínaccuracies inherent in handl-ing the

experimental- material-, although a1-L methods \^rere of a quantitative ,,,',

nature, Ëogether with Ëhe differential random variaËions ín plants due 
ll"t'

,"
to wide plant spacing, inËroduced an amount of variabilít,y i-arger than '.,,.','

the measurabl-e amount whích exists in Ëhe segregaËing experímental

material.

The percent.ages of varíance due to each effecË, although many are

not of sÈaËístícal sígnifícance, provide a picture of the contributions ;

l

of each source Ëo the Ëotal varíance for each varíable. These were .

I

averaged, for each of the Ëwo models assumed, to obtain estimates of 
'

theeffectofeachsourceonthetota1varianceofa11.variab1es.The

vecËor represenËing Èhe percentages of total variance explained by each l

of the prÍncipaL components reporËed ín Tabl-e 3 was post-mulËíplíed by

each of the matrices of the percentage variance due Eo each eff ect ',,',:,:,.

reported in Tables L7 and L9. The results are reporËed, after correction

for Ëhe amount of variability unexplained by Ëhe five principal com-

ponents, in Table 21- and Fig. 10. :,r :,:,1
,.,'t,,;;.'i

The multiple correlation coeffícients obtained for the multi":

plicative model reported in Tables 16 and 18 were larger than the

corresponding coefficients for the addíËíve modeL reporËed ín Tables L2

and L4 for Èen agronomíc charact,erisËics and four principal components.
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TABLE 21

PER CENT OF THE TOTAL VAR]ANCE IN ELEVEN AGRONOMIC CHARACTERTST]CS
DUE TO EACH OF THE VARIANCE COMPONENTS FOR TI,.IO MODELS

Per cent varíance

Variance component AddiËive model MulriplicaËive model

EnvironmenË
Genotype
Seed síze
Spacíng
GenotypÍc competiËion
Seed size compeËitÍon

33.28
7.42
8.L4

40.72
4.46
5. 98

34.L3
3. 54
3.22

44.30
6.t6
B.6s

The excepËions are Èhose for per cent fertile tillers, which Ì^lere not 
,

sËatisÈically sígnificant under any model and for C1y, the mathemaËic 
i

artífice component. This indicates that the multíplícative model is, 
j

ín general, more adequate in describing the relationshíps beÈween the 
,

independent variables and the intraplot varíance. A detailed comparison

of the sÈandardized partial regression coeffÍcÍents f or Ëhe two :::.:.,:
,:t::¡:;::

models, howeverr -ÍndicaÈed that the effects of genotype and of seed size :::,...:::

:.:..
tend to follow an additíve model whereas those for plant spacíng, i

genoÈypÍc competítíon and seed size competiËíon Ëend Ëo have a

multiplicative effect on Ëhe envirorrnental variance. This comparíson
,: .t' ¡,, 

:,

ís presenced in Table 22 t¡]ních shows, for each effect sËudíed, the i':."' ,

number of cases, out of the 16 comparisons ínvolved, where the standard-

ized partía1 regression coefficienÈ cal-culated from the multÍp1ícative

model- was larger than Ëhe correspondíng coefficienË for the addiÈive
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TABLE 22

NUMBER OF CASES }.THERE THE STANDARD]ZED PART]AL REGRESSTON
COEFFICIEI{I FOR THE MULTIPLTCATIVE MODEL EXCEEDED THAT FOR

THE ADDIT]VE MODEL FOR EACH'.OF FIVE EFFECTS (t)

.L:,L4

ì.?lti..\.?,

Eff ecÈ

Genotype
Seed size
Plant spacíng
GenoÈypic compeËítion
Seed size compeËition

Number of cases_

5
5

15
13
15

(t) Total of síxteen agronomic characterístics and principal components.

inôdel. Furtheïtnore, analyses accordíng Ëo the additive model revealed
:

sígníficant, effect of seed size in two cases and those according to the 
i

muLtípLicaËÍve model revealed compeËítion effecËs in eíght. cases where 
,

anaLyses accordíng to the alternaËe models failed to'deÈect any signifícanË

effects. A comparíson of the significant resulËs obtained by the two ,

models is presented in TabLe 23.

The result,s of the mul-Ëíple regressíon anal-yses for the eleven ,,

l

agronomic characterisÈÍcs showed close agreement wiÈh those for the fíve

principal- components regardless of the model assumed, as seen in

Table 24. The only discrepancy is that the analyses of the component 
i.

scores faíled Èo reveaL seed size effects detected for Ëhe number of i'

seeds per tíller and number of seeds per head. The significance level

for the effecË of seed size on C1, which Loads híghest on these Èwo

agronomic characLeristícs was beËween 20 and 307.. This is probably
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TABLE 23

SIGN]FTCANT EFFECTS REVEALED BY THE MULTIPLE REGRESSION
ANALYSES FOR ELEVEN AGRONOMTC CHARACTERIST]CS AND FTVE

PRÏNC]PAL COMPONENTS FOR TT,.IO MODELS

Additive model MulËípLicative model

Agronomic Princípal- Agronomíc Principal
EffecË tesÈed characteristícs components characteristics components

Genotype None None None None

Seed size Seeds per None None None
til1er

Seeds per head

PlanÈ spacing All but per All bur ALl but All but
cenË fertile CtV per cent gr_,
tíller and fert.Í.Le -rv
no. of seeds 'tílLers
per tí11-er

Genot,ypic competÍtion None None Yield per head Ctt

Seed síze competítion None None No. of tilLer" Cll
No. of heads CV

l-000-kernel
weight

Seeds per plant

due to the ínclusÍon Ín C1, of a large proportíon of Ëhe varíabiLity Ín

other agronomic characËeristics whích are not affected by seed size.

The effect, of planË spacÍng was significanÈ for all agronomic

chai:acterisËics studied except the per cent fertile tiLl-ers. Simílarly

it was signífícanË on all príncípal components with the excepËíon of

CrU whích l-oads highly (O.AO) on this characËeristic. The effect of
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genoÈypic competiËíon on yield per head, as detected by the analysis

according Ëo the multíplicaÈive model, \Áras reflected on the ho*"o"t""i"

component showing a similar effect. Simílarly, the effecËs of competiËíon , ,

due to seed size differences on the number of tillers, number of heads

and number of seeds per pl-ant were reflected on C11, and iËs gffect on

the 1000-kernel weight was reflected on CU. .- ,,,

Because the íntraploË variances were logaríthmically transf ormed 
:': :'';;'::

;.. : t-..-. -

for Ëhe analyses of varíance, onl-y results derived from Ëhe muLtÍp1e ],t1,,,.,,¡..,

regression analyses accordíng to the multiplicative model may be compared

with those from the analyses of variance. This is presented, î.or

sígnifícanteffectsdeËected,ínTab|e24.Thiscomparísonindicates
':

that the analysís of variance is Ëhe more effective method in detecÈing 
i

staËistical significance of the effects studied. Genotypíc and seed ì

:':size effects, which were signíficant for a number of agronomÍc 
l

characteristics and prÍncípa1 componenÈs in the analyses of variance,

showed no significance for any variable ín Ëhe multíple regression
;,:':,,:;',::,'.: .

anal-yses. This ís due to a combínation of two ïeasons: (1) the value :::':),::,.::'

of a partÍal regression coef f icíent underestimat,es the dif f erence in ".:t', 
t,

t-:-t a

the two means involved by one-half the interacÈion of the effect in

quest,ion wiËh Ëhe linear component of plant spacing which was included

in Ëhe multiple regression anaLyses to estimaËe competiËíon and; (Z) ttre , ::
.,.ara., .,., ..-,

devíations from regression mean square includes al-1 effecËs ignored Ín

the multiple regression analysis. These facËs make the analysis of

.:varíance the beLter meËhod of handling anal-yses of experiments where

interactions are Ëo be included.
i



Agronornlc characterf s tl.c

COMPAR]SON OF

STAT1STTCAL

Plant hefght
No. of t1l1ers
No. of heads
Z f.ertlle t1llers
1000-kernel welght
No. of seeds per head
No. of seeds per tl11er
No. of seeds per p1.ant
Yleld per head
Yield per tlller
Y1e1d per plant

Prlnclpal cornponenÈ

TABLE 24

SIGN]FICANT.RESULTS OBTAINED BY TI,üO METHODS OF

ANALYS ]S FOR ELEVEN. iAGRONOMIC CHARACTERI ST ICS
AND FTVE PRTNCIPAL COMPONENTS

P1ant spaclng
(ltnear courponent)

Analysis Multiple
of regres-

varlance slon

CI : Yleldlng ablllty
CII , Homeos.tasfa

CIII, SEerllfËy
CIv t Mathematlc arÈlfLce
CV : Shortness

*
**
trrt

**
*

*¡t
¡t¡k

)t
**

Analysis Multlple
of regres-

variance slon

Genotype

**
*¡t
**

**
**
ìtrt
**
rtrc

**
**

*
**

Significant at
Sfgr.rlflcant at

Seed size
(uniform
vs. . unsorted)

**
**
*

Analysis Multlple
of regres-

varfance slon

*¡t
*

**
**

the 5"/"

the 1Z

**
**
**

1eve1.
1eve1.

Genoiyplc
competftlon

Analysls Mul.tiple
of regres-

varfance slon

**
ìtrt
**
*
*

*¡t

*
**

Seed size
competition

Analysfe Mult.iple
of regres-

varl.ance sfon

*
*
*

rt
*
*

È
H
!

'i.,';,.
:.i:
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IV. General Conclusions

The efficiency of singl-e p1-ant selection for improvement of

quantitatíve .char:acters may be Looked at as a function of three

1-imitíng facËors: (1) the proportÍon of superior genotypes present

in Èhe segregating populaËion; (2) the skilL of the plant breeder ín

recognizíng superior genotypes and; (3) the degree of manífestation of

genotype ín the phenotype of a síng1-e plant.

The firsË factor has been examÍned elsewhere (ZSZ) and may be

parËially overcomel by íncreasÍng the size of the population grown.

The skil-l- of the pllint breeder in recognízing superior genotypes may

be ímproved by the use of quantÍtaËÍve, raËher than visual methods,

Ín the selecËion procedure. The resulËs of thís study, however, tend

Èo indiçate that, ín spite of the sËandardízed quantitatíve methods

used in collecting daLa, the amount of natural inaccuracies inherenË

ín individual- p1-anÈ determÍnations ís, ín many cases, larger than that

exisÈing among Ëhe tesÈed seed types.

Factors affecting Ëhe degree of Èhe expression of the genotype in

the phenoËype, rnrere examined quantÍËatively in this study. It has

been demonstraËed by a number of workers (14, 76, I32r 2L9r 278) xhat

ín many segregaËing populations Ín cereal-s, the actual yields of

plants bear very little relation to the yíeld of theír progenies. The

Lack of such correlatíon has been explained on the basÍs of envirorrnental

factors ínf.luencíng growËh and reducing herítabí1iÈy esËimaËes.

The degree of correlation between yield of singl-e planËs in
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segregaËing popul-ations and the mean of the plant progeny rows ís

dírecÈly proportional Lo the product of the heritabílity estimates in

Ëhe selection and the progeny ror¡r nurseries. HeritabilÍty in the

selectíon nursery is defined by: ufu- where G and E are the

variances, based on índivídual pLanË variation ín the selection

nursery, due Ëo genetic and non-genetic effects, respectively.

Tn thÍs sËudy, Ëhe variations in genotype of the material used

üras very low when compared to the total variatíon among índividual

plants for most of the agronomic characËerisËics and príncípa1 com-

ponents studied. The per cent variance due to genoÈype for yieLd and

yielding ability as defined by a princípal component were estímat,ed,

according Ëo the additive model, to be 6 and 8%o respectívely.

Estímates for other agronomic characterisËics and principal componenLs

ranged between 0 and L9%. The weíghËed averages over all agronomic

characteristics were 7.42 and 3.54% for the additíve and mul-tiplicatÍve

models, respectively. These estimates may be increased by desígns of

selectíon nurseries in whích sources of non-genetic variation are

conËroLLed.

The componenËs of non-geneËic variance considered ín thís study

are micro-envirorunent, plant spacíng, iniËíal seed size and compeËiËion

effects due Ëo differences ín genotype and in initial seed síze. The

degree to which each contributes Ëo the totaL variabílíty among the

planËs was estimaËed for each of several agronomic characterísËics and

componenË scores. The resulEs indicate that, in gene::al, the mosË
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importanË controllable non-genetic contribut,or Ís wide plant spacing

followed by dífferences in seed síze, seed size competÍtion and genotypic

competítion ín decreasing order.

These sources of envirorunental variation may be controlled by

proper design of the selection nursery. SorËing seed according Èo

size or weight and plantíng sel-ection nurseríes from seed of uniform

size should reduce the effects of both iniËial seed size and competition

arÍsíng from seed size differences. Closer plant spacing will reduce

varíaËion due to space-pLanting but wí11 magnify Èhat due to genotypic

competiÈion. CompetíËion due to difference in genotype, at a given

plant spacingr may be a funct,ion of the amounË of variabil-ity in

genotype and may dÍffer from population to population. It wi11,

therefore, be necessary Ëo sel-ect a planË spacÍng where the combined

variability due Èo spacing and genotypic competitÍon is a mínímum.

Space pl-anting wÍ11 confound single plant selectíon as long as the

amounË of varíability Íntroduced due to wider plant spacing p_e_r se

is greater than the amount of genotypíc compeËiÈion removed.

The efficiency of selecËion in varíous desígns of Ëhe nursery may

be compared by calculating an estÍmate of heritability under each

sowíng conditíon. This is demonsËrated in Table 25 for the combÍned

variances ín the eleven agronomíc characteristícs for Ëhe analyses

according to the additÍve model based on Ëhe figures reporËed in

Tabl-e 21.

i: :. t¿
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TAB].8 25

CALCUI"ATION OF HERTTAB]LTTY ESTTMATES UNDER FOUR SO}NNG
COND]TIONS BASED ON THE TOTAL VARIAB]LTTY TN ELEVEN

AGRONOMIC CHARACTERISTTCS (ADDITIVE MODEL)

SowÍng condíÈions

6rr pl-ant spacing 2tt plant spacing

Unsorted SorÈed Unsorted Sort,ed
Effect seed seed seed seed

Environment
Genotype
Seed size
Spacè planÈíirg
Genotypic competÍtion
Seed size competitíon

Total
Heritabilj-ry (%)

33.28 33.28 33.28 33.28
7.42 7.42 7.42 7.42
8.14

40.72 40.72
4.46 4.46
5.98

89.56 8t.42 59.28 45.L6
8.28 g.LL L2.52 L6.43

8.14

The effíciency of singLe-plant selecËion, relative to the standard

6-Ínch space-planËed nurseries sown with.seed unsorted as to size, may

be doubled by sowing uniform-size seed Ín close-planted nurseries.

Sortíng seed alone wil-1- íncrease the efficíency by L0%, while close-

spacíng ,alone wi1l íncrease the efficiency by 5L%.
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A fiel-d experimenË T^7as carried out to invest,Ígate the effects of j .:l.'- : - .

variaËion in pl-ant spacíng, seed size, genotype and inËerplant ,';;:,ì'"'',:'

competÍtion on the plant-to-planÈ varíabílÍty ín wheaÈ and their

relationship wíth selectíon procedures.

Small, large and unsorted seed of each of q geneËícally segregaË1ng 
'''¡'l.''ì.':¡r.1t,t ,". ', r'

and a pure popul_aËÍon r^rere so\^7n in plots at 2-, 4_ and 6_ínch plant 
1 ,..,.;.,..,,.

spacíng d.n a spl-ít pLot arrangemenË with síx replícations. Harves¡ i"'":'.':'

data on el-even agronomic characËerístícs were obtained on individual

plant basis. Five addiËional variables T¡rere calcul-ated as plant scores

on the major components extr:acted in a príncipal component analysis.
l

Theintrap1otvariancesforeachofthesixËeenvarÍabI.eswere

subjecËed to t\^ro methods of statistical analysis. ResuLts obtained were i
:

díscussed and the anal-ytical meÈhods compared.

The main f indings. f rom the experimental results r¡rere as follows. I

1. The principal component analysis was effectíve in fully
describing the elãven agronomic characËeristics by means f,,j,.;..:,..,','
of five principaL componenËs, ,' ',,'

¡,,,.:',t,t,trtt 
tt

2. Results obËained from analysis of component scores compare .: i :.: ,'
favourably to those obËaÍned from analyses of the agronomic
characteristics .

3. The anaLysis of varíance method is more effective than the
mu1-tipIe regression analysis ín deÈecÈing sígnificanÈ results
where interactions are present

4. The natural inaccuracies inherent in síngle plant determinations
are, in many cases, larger Ëhan the differences which exisË
in the Ëested materíal.

5. The major factor affectíng intrapl-ot variabÍLity Ís wide
plantspacíng..''.'

6. HerÍLabílity estÍmated from síngle plant measurements is low. .' .
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7. Differences ín initial seed size have a dírect effect on
Êhe inËra-plot variabiliËy as well as an indirecË effecË
as a source of inËerplant competition.

8. The degree Ëo which genoËypic competitíon confounds selecËíon
procedures ís much l-ess Ehan the error introduced by wide
plant spacing.

It was concLuded thaÈ the effecËíveness of single pLant select,ion

could be doubled by grading the seed from segregatíng generaÈions of

a cross according Ëo size or weight, and sowing only seed of approxirnately

the same size togeËher in cl-ose-p1-anted selection nurseries.
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PlanÈ
Spaclng Cenotype

Appendix L.

2"

Pure
Pure
Pure
Pure
Pure
P ure

Pure
P ure
Pure
Pure
Pure
Pu re

Pure
Pure
Pu re
Pure
Pure
Pure

Seed
Slze

Intrapl-oË varÍances
chanacteristícs in

SoalI
Suall
S@lI
SmLl
Sú11
SRaII

Large
Lsrge
Large
Large
Large
Large

Unsorted
Un6orred
Unsorted
Unsorted
Unsorted
lrnso r!ed

Repll- No. of plant
catlou Plants ¡lefghÈ

l5¿
255
328
467
526
664
r5t
238
327
442
524
64L
t48
240
326
425
5 17
679
149
227
3L7
433
534
647
146
24r
339
433
524
ó48
L42
216
33r
430
53r
648

4.25 7.42
4.82 15.08
6,33 42.00
3.26 4.95
L.zL 7.60
2.92 2,95

7.05 7.45
3.54 9.25

10.4t 25.20
6.54 1r.34
2.O9 25.97
3.64 5.90

7.37 L2.66
7.02 r5.56
7 .56 3r.30
9.53 31.75
5.01 16.53
4.54 7.07

4.77 t0.87
2.33 16.99
4.51 42,50
1.90 L4.94
3. 18 9.72
4.28 6,43

7.97 11.37
14,09 r1.55
4.60 48.30
4.31 10.58
r.07 16.26
5.85 ó.40

24.4L 10.19
9.05 34.38
4.78 49.37
3.2L 16.65
4.40 10.59
6.31 13.40

No. of
llllera

SeBregaclng SEl¡
SeBregatlng SBII
Segregatf ng Sull
Segregatf nB SuIl
Segregarf ng Sull
SeBregatf ng SEll

SegreSatlng LarSe
SeBregatfng Lar8e
SegreBatlng Large
SeBregaÈ1ng Lcrge
SeBreSatlng Large
SeBregatfng Large

SeSregatfBg UnEorÈed
SeBreSsElnt UEor!ed
SstrcSatfûg Uúortêd
Segreg¡rfBg UasorÈêd
Sogrogetlug Uuortad
Scgrc8¡Èft8 UD¡orÊcd

f or el-even ,agronomic
108 subplots

Per cent
No. of Ferrlle
Heada Tlllerg

8,05 0.0191
1t.45 0.0098
29.51 0.or52
4.99 0.0070
7.29 0,0069
3.3r 0.0158

4.54 0,0149
7.0r 0.0083

16.38 0.0088
9.68 0.0132

24.46 0.0trl
6.60 0.0079

12.00 0.0284
r2.89 0.orto
24.04 0.0114
28.39 0.0072
13.0I 0.0124
6.99 0.0046

10.51 0.0217
14.ó4 0.0068
30.99 0.0201
9.28 0.0240
1.64 0.0099
6.52 0,0096

8,93 0.0r06
11.29 0.0055
37.66 0.0095
8.06 0.0112

16,60 0.0124
5.88 0.0109

9. 16 0.0179
29.98 0.0tó6
43.88 0.0113
17.86 0.0rt2
9.65 0.0164

l¡.76 0.0031

1000- No. of
l<ernel Seeda
trefBht per Head

3.50 26.03 .43.05
4.58 L7.99 25.95

10.73 34.52 39. 14
r,39 11.40 16.70
l,56 8.30 to.44
r.89 22.73 25.A5

9.t8 t9.85 35.47
6.40 21,30 26.34
9.40 28.02 33.27
3.74 15.s6 24,0d
6.47 Ì8. 14 26. t8
2.O3 ¡5.2t 17.30

6.19 14.87 tO,t4
ó.85 35.08 34.2A

L7.12 56.56 61,7t
8.98 39.17 t 2.79
5.90 20.32 29,03
5.73 24.62 28,46

6.7L 35.39 33.78
!2.52 22.05 23. lo
10.57 70,91 53.69
l.t4 16.85 3I.ól
1.92 30. 58 29 .1e
3.32 24.83 30. 94

9. 36 3¿. 96 40.37
2.50 2r.89 24,45

12.53 5r.t5 43,ó8
2,46 31.82 45,89
7.71 20.40 2?.Jr
4,29 20.03 J4.86

6.90 42.44 50,53
5. 51 28.87 31.4ó
8.58 60.98 59.43
8,34 39.04 5'1.54

26.11 L5.72 29.29
1I.28 45.I8 46.22

l', i_1.1 l

No. of
Seeda per
Tl 1 Ier

No. of
Seeda
per Plant

r3235
tl8t3
5 3338

4996
8495
3304

4799
9653

21923
I 3556
22729

700t

t27)2
l{r213
36t12
54 308
I 2614
8883

l{)248
l7¡65
18626
14t4
891 5
67 24

92 35
t2419
377 8r
9939

20092
5825

9009
3397 7
'12683

34ó36
t1304
t47i7

Yleld Yl,eld
Per Per
Head llller

0.0389
o.0269
0.04 3t
0. 0l 62
0. ol44
0.0302

0.027t
0.045I
o. 04 52
0.01 55
o, ol 7l
o.02t7

o.022()
0.0a72
o. 055t
0.0107
o. olol
o. o44 7

0, o5l.7
0. 0¡4 5

o.o7 3 t
0.0!2¡
0.0466
o. 0444

0, o525
0. o3¿ I
o,085.!
o. o50tt
0. 016 I
o.0)24

0.05 5ó
0. ol54
o. 090 t
0. 0518
0. 033 7
o.0587

r,::;:

Yleld
Per
Plant

0,059 7 11.67
0.0348 11.02
0.0410 39.07
0,0215 5. 36
0.0152 t0,39
o.ol52 4.0ó

0.0478 5.57
0.0432 t0.92
0.04 l9 26.59
o.0225 ¡0,68
o.0252 25,8t
o.o243 7.99

o.0447 12.80
t.0!17 11.9i
0.0569 3?.08
o.01.!l 12.ót
O. Ol.16 I ?.94
o,04¡16 ll.16

r).045¡t t2.75
o. f)4 .,0 t7 ,5 t
0.04ll 1t.97
o.o40l 7.91
o.04J2 II.69
().()5if, 11.44

0.0601 11,54
o.ot(7 ¡4. t9
o.075{} 40. ¡ì7
0.0649 I 2. l5
0.o169 22.t?
o. o50e 6.72

o.0568 tO.9l
0.ol?8 34.¿8
0.08I3 69.?l
o,07La . 24.32
0.039¡ 't.12
o.0ó25 14.57
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AppendÍx . 1- (continued)

Plrnt
Spaclng

Secd
.Geaotypc Slze

Puré
Pure
Purc
Pure
Pure
Pure

4" pure

Snall
'- SnaIl

Smll
Sha¡. I
Smll
SoalI

Large
Large
Large
Large
Large
Large

Unsor ced
Unso rted
Uns or ted
UngorÈed
Uns o rt ed
Unsorted

Repll- No. of
catlon PlánÈs

4t
41,

r33
Z2].
330
437
549
646
L23
232
3 lg
4 3t,
530
647
t18
229
328
4js
537
64L
I47
222
t23
4L6
537
654

Pure
Pure
Pure
P ure
Pu re
Pu re

Plant
Uelght

per cent
No. of No. of Ferrlle
11llero Heads Titlerg

Segregstfng SEall
SeBretartng SÉll
Segregattng SnaIl
Segregattng SEâII
Segregaclng Snall
Segregatfng SoalI

Scgregatlng Large
SegregaÈ1ng LarBe
Segregartng Large
SegreBstlng LârBe
Scgregatlng Larße
Segregatfng Large

SegregaÈ1ng Unsorted
SegregaÈlng Unaorted
Segregatfng UnsortGd
SegreBsÈ1og Unsortêd
Segrcgatlng UEorted
Scgrêgatlng UúorÈed

3.67 111.29
r1.85 123.16
5.ó8 37.27
5.30 10.7.2
4.87 27.ro
3. 15 8.88

10.54 r02.o2
7.02 45.50
2.64 30,33
4.77 34 , 80
8.2b 16.33
I.87 16.2I

10,38 rl3¡63
5,83 5t, l?
8,72 49.51
4, 18 27 .29
8.12 58.18
2.84 2I.27

97.48 0.co24
9t.49 0.0r30
31,57 0.0075
33.70 0.0104
2L.62 0,0066

8, 83 ',o.0028

90.70 0.0069
42.38 0,oL02
34. 81 0. 019r
30. 36 0.0078
12.t3 0.0076
13.88 0.0038

1I1.91 0.0027
38.8r 0.0077
44. 19 0;0096
27.25 0.0028
57,73 0.0036
20. 30 0.0006 .

1000-
kemel
tleight

No. of
Seedg
per Head

19.31 40.2L 40.oo
22.80 47.?9 61.82t3.16 44.66 45.54
8.26 35,45 27.614.s7 25,t5 28.73
4.52 22,88 20.42

16,56 47.33 18.73
28,72 50.50 61,9217.00 18,44 42.3r

8, 33 34. 19 31. 20
L2,35 41.50 34.0I
2.35 19,40 L1.94

32,2t 50,85 s3.6315.32 57.25 55.9t14.lt 21.t6 2r,56
12. 89 83. 28 89 . 0814,57 74,OL 6ó.90
1.95 22,87 23.85

20.86 2L72 31.42
18.21 51.80 47,83
9.92 19.60 ?3,4853.48 29,39 JA.O213.54 39.t2 19.28
1.59 21.60 27.86

24.54 L29,9O 42.5t
10.44 11.56 43.37
15.25 68,08 31.6r
10,60 63.83 59.1ó17.90 36.79 37.509.93 37.43 43.39

I0.87 50.96 54. 5916.08 28.25 52.07
2.64 81.86 64,7763.03 65.41 40.58
9.72 83.48 66.92
3.96 27.85 30.80

L46
233
315
451
553
63I
L23
236
322
420
536
646

19,25
7,86

33.70
8.27
9.03
3. 19

4. 13
9.53

t2.52
11.97
5. 65
2.69

8,24
5.32
7.37
8.88
4.L5
3.73

No. of
Seede per
TfIler

99.99 9I.51 0.0111
55.83 54.11 o.ooó2
49. 35 52. 07 o. ocTo107.30 95.30 o, oo31
38.30 36.42 0.oo6rt
!4.32 13.39 o, 0os8

84.94 80.89 o.02o6
38.40 35.73 o.oo38
30.92 32.74 o. otgt
22.67 21.0t o. oogl
L2.48 L2.29 0.0045
22.6L 20.38 0.oo4o

72.64 7r. 20 o. oo5233.74 30.77 O.Ol82
60.54 74. 82 o,0355

145.0ô 133.52 o.ot71
17.34 15.84 0.0c8¡
L7.49 16.77 o.o06s

No. of
See ds
per PLmt

Lt64t2
1158¿4

49284
. 44462

28738
14r56

I 5 3844
74889
47254
13323
20176
I 9404

t63297
7 7350
5502 3

46328
82t42
30746

' 
91423
92611
65045

1r5187
59328
t5l23

90242
55606
509 36
3 1099
2r310
28455

It3048
383 34

I008 3 1
191t6 5
26499

, t8280

Yle1d
Per
Head

Yleld Tfeld
per per
llller PlanÈ

0.05¿8 0.0493 96.29
0.0808 0.q769 lo4.ol
0.0ó89 0.0649 58.87
0.0637 0.0429 49.32
0.0119 0.0148 35.03
0.0270 0.0244 t4.64

0.0689 0,0684 152,¿5
0. l26t 0. rlll . 

95.53
0.0300 0.0385 32.52
o.0537 0.0477 46.10
0.0512.0.0496 28.46
o.0249 0,0r% . 22.70

0.0737 0.07t6 t29.56
0.0858 0,08t4 77.79
0.0548 0.0442 54,t5
o.0699 0,0755 38.96
0.0987 0.0870 67.28
0.0171 0.0376 11.67

0,036ó 0. o397 8t . 55
0.0929 0,0762 86,29
0,0319 0,0255 40.73
0. r010 0.0993 r36.3t
0,0ó1 3 0. 0626 60. 62
0.0325 0.0379 I8. t6

0.o889 0.0474 78. 19
0.062ó 0.0582 5E.58
0.o729 0,0¿02 48.46
0.0771 0.0693 27.08
0.0844 0.0829 29.50
0.0870 0.092! 38,48

0.0579 0.0584 94.74
0.0522 0.0694 42.JI
0.0965 0.0730 t06.44
0. 1099 0, 1030 220. t2
0.0661 0,0580 29.59
o.0315 0.0355 22-58
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AppendÍx 1 (contínued)

Planc
Spaclng GenoÈype

6"
6"

6"

6"

o
6"

6"

o
6"

ó"

6"

6"

ór

Pure
Pure
Pure
Pure
Pure
Pure

Pure
Pure
Pure
Pure
Pure
Pure

Pure
Pure
Pure
Pure
Pure
Pure

Seed
Slze

Snall
Soall
SnaII
Soall
SMll
SnaIl

Large
Large
Large
LErge
Large
Large

Unsorted
Unsorted
Unsorted
Unsorted
Uns o rt ed
Unsorted

RepI1-
caÊton

No. of
Plants

33
33
38
53
38
45

39
34
4I
28
35
22

3l
3l
33
53
39
32

14
30
1a

40
?8
2Z

48
29
28
38
31.
43

38
43
41
46
L7
¿5

I
2
3
4
5
6

I
2
3
4
5
ó

I
2
3
4
5
6

I
2
I

4
5
6

t
2
3
4
5
6

I
2
3
4
5
6

PlanÈ
HetSht

1r.06
5.84
4.26

L2.32
2.72
3.65

7.40
L6.76
5.55

t5.77
lr.3ó
8. lr

13.98
7.L7
ó. 91

L7.79
9, s9
4,38

7.76
LL.62
9.45

17. 16
6.07
5.40

fer cenG
No. of No. of Fertfle
Tlllere Heade Tfllers

SegreBaclng SEall
SeBregatfng SnaIl
Segregatlng S@ll
Segregacfng Soall
Segregattng SoaIl
SegregatlnB SEall.

Segregating Large
SegregaEfng Large
SegregatlnB Large
SegregaÈlng Large
Segregacfn! Large
SegreBstlng Large

Segregarfng UEorted
SeSregstflg UNorted
SegregarlDg Unsorted
Segregatfng Uæorced
SegregatfDg UDsor!ed
Sagregetl,ag Uuortod

L34.77 12r.88 0.0084
92.26 82.52 0.0067
38.40 36.17 0.0r2ó
69.95 6s.77 0.0034
55.70 54.59 0.0050
20.94 2r,26 0.0036

134.02 121.89 0.0060
7I.33 46.70 0,0r8r
58.62 57.r7 0.0t27
37.44 36.30 0.01.26
46.33 40.49 0.0086
88.73 72.92 0.OO92

8r.08 83.69 0.0r82
83. 39 73. 92 0. 0052
60.30 55.48 0.0r32

110. r7 94. ó9 0.0261
34.06 36, 7t 0.0091
34-20 29.22 0.0043

233.r8 210.0r 0,0r47
73.86. 64.79 0.0085
63.07 57.61 0.0086
50. 34 47.31 0.0073
82.39 77. 14 0.0016
50.09 38.64 0.012t

¡uu0-
kernel
l.lelght

No. of No. of
Seeds Seeds pea
per Head llller

L2.81 3ó.86 45.88
26.86 29.07 29.98
19,57 60,02 63.44
L7.65 47.60 50,97
ó.35 39.56 26.80
6.93 20.05.. 20.87

20.85 48. 7,1 31. l7
6.50 30.15 43.08

24.69 32.29 34.53
12.88 44.18 28.74
8.90 32.98 3ó.53

15.28 34.95 42.59

24.73 46.2L 51,42
8.70 29.06 26.47

2L.74 21,42 10.27
59.76 7L.74 76.80
t3.lt 39.62 /.t.91
8.60 3I.82 22.65

37.79 36,11 44.05
16.82 37 .25 34.24
2I.72 25.45 32. rl
19.87 35.ó5 35.21
16.55 5r.34 48.97
10. 36 31.8r 27 ,L6

33.28 57.76 66,}tr
15.87 32.92 37.43
23.27 46.30 4t.49
11.54 29.73 30.59
L7 .57 54.25 44 . I I
8.12 31.88 3s.05

35.37 38.30 53.16
10.03 83.99 r03.96
5,03 63.32 44. t5

17.81 57.57 48.03
14.53 76.35 37.4r
10.96 26.01 32.15

No. of
SeedE
per Plan!

28.81 136.05
7.85 83,82
7.50 62.77
8.73 34.75
7.19 40.25
3.25 48.39

t8.08 194.01
7. 15 39.66
5.57 23.19
6.L4 43.s6
6.19 61.0t
5.91 61.25

l6 3856
r19349

7r8ó5
1016 73
8244I
36244

t57 946
59042
72269
55tl5
15316
94r 3l

104363
96707
89156

¡ 70040
59804
4856 3

276?r,2
86t4I
60933
7 7982
50276
56246

r81258
t35296
7t060
52495
73025
58260

254945
78871
3 7580
672L0
84 588
7675L

Yteld Yteld Yield
Per Per Per
Head Tfller Planr

136. 97 0.0165
90. 19 0.0126
53.82 0.0r0r
30.58 0.0060
37.13 0.0047
48.77 0.0107

r.93.28 0.0147
42.82 0.0r77
24.65 0.0139
40.40 0.0056
52.60 0.0r2ó
60.31 0.0085

0.0606 0.06rt t40.99
0.0771 0.0705 t29.07
0.r027 0.0979 84.31
0.0845 0.08ó9 t15.23
0.0454 0.0286 95.86
0.031ó 0.036r 44.98

0,o76t 0.0557 t75.66
0,039 5 0, 05r r 67 .04
0.0516 0.0488 8¿..ó5
0.0754 0.0438 57.47
0.05t4 0.0480 ?4.87
0.0751 0.0804 108.05

0.o702 0.0698 t0?,39
0.0537 0.0454 t03.30
0.0529 0.0573 r03.47
o. 14I2 0. l30I t75.32
0.0580 0.0545 58.90
0.0525 0.0400 60.04

0.0901 0.o821 295.27
0.0419 0.0415 68,J4
0.0538 0.u569 87.86
0.08tl o.0694 99.09
0.0766 0.0738 68.35
0.0473 0.0¿05 54.42

0, rlt6
0.0573
0.089r
0.0481
0. t009
0.0525

0.0800
0. 0914
0.0760
0. rr45
0. 1105
0.0525

0. t0r0 197.28
0.0521 r28.79
0.074r 79.6t
0.019 7 52.45
0.0827 73.90
0.0475 49. ¡8

0.0852 259. 13
0. rr29 89.79
0.0558 40.79
0.0927 88.58
0.0635 89.7ó
0.0589 92.53
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AppendÍx 2. InËraplot variances for fi've principal
cómponenË scores ín 108 subploÊs

seed. Reptr- No. or ,rllr* cll c

151

Plsnt
c¡v cv

III Hathematlc Short-
sÞaclns Genotvpe sfze catfon Planrs Ablltrv H.'gg!.!ggþ -g.ggri.lllJ .Arrtfice ness

2" Purc
2" Pure
2" Pure
2" Pure
2u Pure
2t' Pure

2" Pure
2" Pure
2" Pure
2u Pure
2" Pure
2". Pure

2" Pure
2" Pure
2" Pure
2" Pure
2't. Pure
2". Purc

Snall
Snall
Sna1l
Small
Smal1
Snall

Large
Large
Large
Large
l.arge
LatBe

Unsorted
UnsorLed
Unsorted
Unsorted
Unsorced
Unsorted

SegreBatlng SmaIl
SeBresating Small
SeBregatfng Snall
Scgregatfng Snall
Segregatlng SmaIl
Segregatlng SmaLl

Segregatlng Large
Segregating Large
Segregatlng Large
Segregatlng Large
Segregatfng Large
Segregatlng Large

Segregatfng Unsorted
Segregatlng Unsorted
SegregaÈ1ng Unsorted
SegregaÈ1ng Unsorted
Segregatlng Unsorie<i
Segregatfng Unsorted

54 7I.t+9 2.84
55 6.28 3:09
28 16.31 3.69
67 3.76 1.38
26 3.6L l¡23
64 5.11 1.94

51 5,66 3.22
38 i.4! 3.25
27 11.36 3.26
42 4.65 1.88
24 6.89 2.87
4L 4.44 L.74

48 8.33 2.40
40 9.87 3.67
26 18.86 3.46
25 10,91 5.7L
t7 3.64 2.77
79 8.72 3.40

49 7.67 3.28
27 7.75 3.98
L7 15.04 4.90
33 4.2L 2.88
34 7,5L 3.30
47 7.39 3.63

46 8.94 4.82
41 5.66 3.46
39 12.88 10.04
33 8.20 4.87
24 10.73 r.75
48 7.16 3.2O

42 11.08 3.98
16 t2.20 3.45
31 25. tl 7.15
30 14.60 4.68
31 4.96 3.69
48 t2.45 5.O2

33 28.44 7.s4
2L 38.60 6.36
30 20.00 5.33
37 11.12 5,89
49 8.93 4.88
46 5.77 2.r3

23 43.81 4.30
32 36.32 5.80
18 9.84 4.81
34 11.88 5.96
30. 12.80 3.36
47 4.93 2.55

r8 4L.57 6.69
29 25.51 7.L6
28 11.03 7.28
35 20.19 6.61
37 25,0¿ 10.96
41 9.67 3.68

I
2
3
4

5
6

I
2
3
4
5
6

I
2
3
4
5
6

1
2
3
4

5
6

I
2
3
4
5
6

I
2
3
4
5
6

I
2
3
4
5
6

1
2
3
4
5
6

I
2
3
q

5
6

1. 36
l. 09
I.49
0.73
0.38
0.99

1.65
0. 70
r. 54
1. 15
L.32
0.52

2.10
0.96
l. 94
1. 56
L.75
o.43

1. 55
0.73
1. 89
r.46
0.70
0.79

t.23
1. 15
r. 3l

'1.11
o.7 7

0.98

2.70
L.52
t.29
t.52
2.O3
0.84

1. 35
2.t9
0.96
1. 33
1. 04
0.53

1. 32
1.45
l. s3
r.14
1.04
o.52

2.6s
1.66
1.51
1.46
l. 18
0.46

1. 38
o.77
1.40
0.53
0.66
1. 55

1. 05
0.81
0.88
1. 30
0.91
0.90

2.05
1.31
t.29
0.83
r.28
0.58

2.34
0.68
2.75
2.16
l. 17
0.92

I.26
0.68
l. 28
1. 16
1.20
0.93

1.84
L.67
1,37
0.86
L.r2
0.55

0.40
t. 07
l. 00
1.40
o.74
0.49

0.49
0,92'
1.71
r. 07
1. l1
o.67

o.77
¡.02
0.92
0.93
0.78
0.21

0.14
0.16
0.34
0.13
0.06
o.L2

0 .40
o.24
0.45
0.30
0. 17
0.15

0.35
0.31
0.49
0.55
0. l7
0.16

o.2L
o.28
o.45
0.09
0.13
o.t4

o.29
0.55
0. 18
0. l8
0.10
0. r8

0.79
0.33
o.20
0. 19
0.56
o.29

0.38
0.74
0.32
0.20
0.18
0.21

0.69
o.47
0.46
0.14
0.4r
0.08

o.27
o. tl
0.4r
0. 40
0.38
0. 12

2"
2"
2tl
2"
2"
2q

2'
2"
2"
2t'
2"
2"

2t'
2ú
2"
2¡
2"
2"

4t' Pure Sna1l
4" Pure Sma1l
4" Pure Snall
4" Pure Suall
4' Pure Small
1" Pure Snall

4tt Pure Large
4" Pure Large
Art Pure Large
4" Pure Large
óil Pure Large
4" Pure Large

4t; Pure Unsorted
4" Pure Unsorted
4r Pure Unsorted
4t' Pure Unsorted
4tt Pure Unsorted
4t' Pure Unaorted
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Appendix 2 (continued)

cl
See¿l Replf- No. of Yteldfng ull

L52

^ 
clv Gv

tIIr Mathcnatfc short-
Spaclng Genotvpe Sfze catfon Plants Abilltv llgmeostasls Sterfllty Artlfice
Plant

Segre8ating SnaIl
Segregating Small
Segregatfng Small
Segregatf ng Smll
SeBregaÈlng Small
Segregatlng Snall

SegregaÈfng Large
Segregatfng Large
Segreg¿ting Large
Segregatfng Large
Segregating Latge
SeBregatlng Large

4" Segrega!lng Unsorted

4tt ScgrcgaÈlng Unsorted
4" Segregatfng Unsorted
4tt Segregating Unsorted
4tt Segregating Unsorted

2L.40 7.53
2L,4r 10.11
8.88 7 ,75

36.76 7.99
2r.26 5.07
7.26 3.18

26.L5 6.98
20,88 4.75
14.50 4.96
16.81 6. 19
L5.25 5.79
15.18 7.56

27.46 7.00
t6.96 4.74
27.98 7,06
47.06 9.79
L5.20 5.05
6.01 3.95

33.29
31. 29
29,65
33,67
18. lt
11. 96

37.54
17.38
18.9 7
17.36
19. 3s
29 .98

27,Lt
21.66
20.25
61 .41
21. 80
13.82

67.11
18. 70
18. t9
29.16
18.04
t4.62

57.73
30.80
22.65
18.65
24.25
15.00

70.38
32. 83
t4.67
29.25
20.81
24.49

t 0.99
7.47
7.58
6.70
5. 19
2.64

8.65
5.12
5.2?
4.93
4.6L
9.01

7.43
7.99
5, 91
6.48
3. 41
4.43

10.68
6. 16
6. 09
2.98

10,00
4.79

7.72
6.40
9. 19
3. l8
6.98
6.O2

7.87
6. 86
4.72
6.47
8.27
5.12

4"
4"

.4"
4'l
4"
4'l

4rl
. 4tt

4"
4"
4"
4"

6t'
6f
6'
6r'
6t
6tr

6*
6'
6t
6ri
6"
6t'

1'
2
3
fi

5
6

47
22
23
16
37
54

46
33
15
51
53
31

23
36
22
20
36
46

33
33
38
53
38
45

1. 81
1. 89
2.L7
3.05
1. 30
0.54

1.37
1.10
2.t5
L.49
0. 78
0.6r

r.l2
2.24
r. 89
2.58
L.27
1. 10

2.O9
1.80
1.05
I .45
0.72
0.39

r.58
2.13
1.84
1. 75
1. 54
0.85

2,82
1. 35
2.36
3. 82
1. 3r
0.88

2.78
r.7 4
2.L9
1. 44
1.76
1.40

3.66
l. 67
1. 33
r.05
0.95
1. 01

1.93
2.25
r.26
1.09
2.03
0.78

l. 33
0.95
1. 10
0.38
0.5s
0. 68

4.06
o.7 4

2.63
t.32
0. 59
o,42

0.85
L.2L
4 .80
3.06
1.54
0.91

1.Oi
0. 86
r.t2
0.57
1.02
0. sl

1.39
1.95
1. 7l
l. 84
0.97
0.99

2.20
0.59
1. 33
2 .05
1. 11
0.78

1.67
1. 55
1.10
L.29
0.79
l.4l

1.86
1.69
t.42
0.67
0.86
l.16

r.48
1.84
2.t7
1.06
2.49
t. 03

I .05
o.27
t,23
0.67
o.29
0.15

o.7L
0.33
o.69
0.50
o.32
0.16

o.50
0.30
0.38
1. 54
O,l+4
0.12

0.30
0. 19
o.?4
0.48
o.26
o.26

O.41.
o,67
0.51
0.54
o.5r
0.20

0.73
0.19
0.55
o.97
0.40
0.16

0.41
0.49
o.47
0.87
o.22
o.26

0.86
0.18
0. 28
0.38
0.48
o.26

o.77
o.42
0.31
0.28
o,22
0.21

6' Pure
6t Pure
6" Pure
6" Pure
6t ' Pure
6t Purc

6" Pure
6tt : Pure
6t Pure
6" Pure
6t Pure-6" , Pure

6t Pure
6' Pure
6tt Pure' 6r Pure
6" Pure
6tt Pure

Sna11
Snall
Snall
Suall
Snall
Snall

Large
Large
Large
Large
LarB,e
Large

UGorted
Unsorted
Unsorted
Unsorted
Unsorted
Unsorted

1
2
3
4
5
6

1
2
3
4
5
6

I
2
3
4
5
6

I
2
3
4
'5

6

I
2
3
4
5
6

6" SegregaÈfng Snall
6t Segregatlng Small
6' Segregating Snall
6t Scgregating Small
6' SegreBeting Small
6" Segregating Small

39
34
4L
28
35
22

3r
31
33
53
39
32

44
30
22
Äo
28
22

48
29
28
38
3I
43

38
43
41
46
17
45

Segregatfng, Lerge
Segregatlng Large
Segregatfng Large
Segregatlng Large
Segregatfng Large
Segregatlng Large

SegregâÈlng Unsorted
Segregatlng Unsorted
Segregacfng Unsorted
SegregaÈlng Unsorted
Segregatlng Unsorced
SègregaÈing Unsorced



Plant
Spaclng

Appendix 3.

I
¿

2"
2"
2"

CenoÈype

Pure
Pure
Pure
Segregatfng
Segregatfng
Segregatlng

Mean intraplot'variance of eleven agronomic
characterístics f or eighÈeen treatment
combinaËÍons (f )

Seed
Slze

4" pure
4" pure

Pure
4" Segregattng
4" Segregatfng

Small
Large
Unsorted
Snall
Large
UnsorÈed

Small
Large
Unso rced
S¡nall
Large
UnsorÈed

Sna ll
Large
Unsorted
SmaIl
Large
UnsorEed

PlanÈ
HelghÈ

6"
6"
6"
ó"
6u
6"

3.38 8.97
4.84 12.02
6.63 16.8s
3.31 L3.94
4.91 13.83
6.74 18.5ó

5.21 4r.36
4.93 33.02
6.09 46.20

10.33 50.31
6.69 29.40
5.95 43.23

5.69 58.22
r0.00 66.47
8.96 61.16
8.84 78.02
8.38 60.37
7.38 55.44

No. of No. of
Îf11ers .Heads

Pure
Pure
Pure
Segregatlng
SegregaÈlng
Segregaclng

(f) ReÈransformed data.

Per cenÈ 1000- No. of
Fertlle kernel Seeds
Tlllers WetghÈ per Head

8.30 0.011
9.66 0.010

14.58 0.0r1
11.41 0.014
12.00 0.010
L7.03 0.011

34.91 0.006
29.69 0.008
42,78 0.003
47.83 0.006
28.L6 0.008
42.40 0.012

55.03 0.006
57.L6 0.011
57.76 0.0r0
69.28 0.007
57.68 0,009
54.48 0.011

2.99 18.07
5.48 19.70
7.77 28.86
4.3L 29.85
5.36 2e.6s
e.64 

Ps.70
I9.98 34.72

11.18 þr. er
r1.69 L5.34
L2.78 bs.eo
13.95 bz.og
10.r9 br.ro

13.18 I tt.øs
ß.ß f 36.63
L7.77/ 38.64
19.0d 35.47
16.51 40.67
13.11 53.44

i::]

No. of No. of
Seeds per Seeds
Tlller per Plant

24.L2
26.40
37.98
32.66
33.98
44,I0

33.57
35.57
45 .77
33. 71
42.r5
49.88

36. 81
35. 7l
39.84
36.25
4I.28
49.L5

1O263
11586
18890
I2022
t 3104
22459

4786L
4s803
65820
62412
4 tl18
58592

86774
800ó5
87354
82692
85602
83116

Yleld Yleld yfeld
Per Per PerHead Tfller plan!

0.026
0. 026
0.036
0. 044
0.046
0,051

0.053
0.051
o.067
0.053
0,078
0. 064

0.063
0. 060
0.0ó6
0. 0ó3
o,o72
0.085

0.032 10.6r
0.033 !.2.36
0.042 17.56
0.044 L3.91
0.052 L9.24
0.055 20.2L

0.048 49.61
0. 049 49. 16
0.063 62.50
0.051 59.t9
0.062 43.57
0.063 63.07

0.058 95.58
0.054 86.92
0.0óI 93.7¿1
0.059 93, l5
0.065 85.32
0.076 94.r9
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Appendix 4. Mean component score íntraplot
varíance for eighteen
treatment combÍnatíons (t)

P1ant
Spacíng Genotype

Seed
Size

cr cn 
^ crv cv

Yíelding Homeo- Ctlt MaËhematic Short-
Ability stasís Sterility Artifíce ness

2tt
2"
2t'
2t'
2"
2'!

t ll+

4"
t ll
+

4"
t ]t
.+

4"

.llo
/ llo
6"
.llo
6"
6"

Pure
Pure
Pure
Segregatíng
Segregatíng
Segregatíng

Pure
Pure
Pure
Segregating
Segregating
Segregating

Pure
Pure
Pure
Segregating
SegregaËíng
Segregating

Sma11
Large
Unsorted
Smal1
Large
Unsort,ed

Sna11
Large
Unsorted
Smal1
Large
Unsorted

Sma1l
Large
Unsorted
Smal1
Large
UnsorËed

6.s9
6. 38
9.02
7.70
B. 70

L2,05

15 ,25
15.08
L9 .63
16. B8
L7.77
79 .56

24 .67
22.35
24.s7
23.66
25 .47.
28.23

2.LB
2.62
3 .43
3. 61
4.08
4.s2

5.00
4.28
6.73
6. 51
5,96
5.92

6,20
6.09
s.70
6.2L
6.27
6.3s

0.92
1. 06
L.29
1. 10
1. 08
1.55

1. 13
1.11
L.32
L.59
1. 15
\,6L

1. 09
1. 55
1. 85
1. B3
r.42
L.45

0.96
0.06
L.L4
L.47
1. 06
t.L4

0. 78
0.92
0,69
0 .77
L.77
L.66

0.82
L.42
L.20
L.26
L.20
1. 59

o.L4
0.26
0. 30
0. 19
0.22
0.34

0. 30
0.30
0.25
0 .47
0. 40
0. 41

o.28
0. 4s
o .41-
0.41
0.36
0. 33

(+) Retransformed daËa.
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Appêndix 5.

2t'
2tt
2t'
2t'
2"
2tt

Pure
Pure
Pure
Segregating
Segregatlng
Segregatfng

Means gf, eLeven,ag.rofiomÍ.c charact,eríst,ics
f,or eighteen treatment cofibÍnatíons.

4" Pure
4t' . Pure
4" Pure
4" Segregating
4" Segregaclng
4" Segregating

Seed
Slze

S¡naL1
Large
Unscrced
.Sma11
Large
Unsort,ed

Sna1l
Large
Unsorted
Small
Large
Unsorted

Sma11
Large
Unsorted
Sna1l
Large
Unsorted

Per cent 1000-
Plant No. of No. of' Fertile kernel
Height Tillers Heads Tillers t^Ieight

6"
o
6rt
.llo
6t'
6rt

39.43 10.59
39.63 9.85
37 .96 10.59
39.38 10.35
38.93 10.64
37 .77 11.60

37.83 L6.79
38.04 16.95
37. 18 16.08
37.74 ls.27
37.47 1-5.24
38.12 ]-7.75

37.49 2r.07
37.74 2r.54
36.98 20.20
37.2L 20.94
37.23 20.98
37. 9r. 19. 18

Pure
Pure
Pure
Segregating
SegregatÍng
Segregacing

9.6L 0.916
8.98 0.919
9.64 0.918
9.2L 0.903
9 .78 0.924

10.50 0.910

1 5.50 0.934
]-5.52 0.920
15.33 0.959
L4.43 0.94s
14.10 0.925
16.06 0.899

Lg.7L 0.939
1_9 .47 0. 906
18.57 ' 0.918
L9.23 0.92L
L9.26 0.915
L7.77 0.92r

No. of No, of No. of
Seeds Seeds per Seeds.,
per Head Tlll-er per PlanÈ

32.37 30.94
32.34 32.97
30.33 33.42
33.49 32.73
32.9r 33.39
30.12 32'.54

29,37 35.65
30.55 35.87
28.82 37.7L
28,86 36.04
28.99 36.76
29.86 37.76

30. 31 36 . 05
29.40 36.59
29.02 '36.95
28.79 36.22
29.36 3s.98
30.67 36.24

28. 30
30.29
30.66
29.40
30.81
29.6L

33.25
32.98
36.11
34.03
33.73
33.t7

33.84
32.98
33.83
33.30
32. 85
33. 33

It:. .ì,r't' :
: , .:;iit

,i.: l li f

300
296
323
298
322
344

ïleld Yfeld Y1eld
Per Per per
Head Tlller Plant

1. 002
1.066
1. 016
1.098
1. r04
0.984

1. 060
1.103
1.097
L. 049
1.070
1. 106

1. 103
1.082
1. 083
1. 048
L,067
I.L27

552
560
578
52L
516
586

774
708
690
694
698
647

0.918 9.54
0.979 9.55
0.933 9.76
0.985 9.93
1. 020 10.63
0.894 r0.36

0.988 L6.56
1. 015 17.30
1.052 16.93
0.989 15.39
0.987 15.07
0.989 17.66

r.036 22,0O
0.975 2r.28
0.993 20.84
0.965 20.53
0,976 20.77
r..040 20.51
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Agronomic characteristíc

1. Plant height

Number of t,illers2,

3. Number of heads

4. Per cent fertíle tÍllers

5. 1000-kernel weíght

6. Number of seeds per head

7. Number of seeds per Ëíller

8. Number of seeds per plant

9. Yield per head

10. Yield per tiller

11. Yield per plant

Appendix 6. Distances between all possible paírs of
characteristícs ín a 5-dimensional space

tj-:.:-1...-.

r.43

r.42 .20

1.40 L.43

1.09 L.42

1.37 1.30

L.37 1. 33

r.4L .32

L.20 L.34

L.2L 1.36

1.35 .40

:,

r.29

1.42 L.37

L.32 7,46 1.30

L.25 .99 1.30

.28 1. 31 1. 39

1.35 r.42 .76

1.30 1.08 .81

.37 1.30 7,22

10

.59

1.10 L.O7

.63 .7g

.7I ,57

1.08 1.05

1l

1. 18

l-; l-6 .44

,22 1.05 1.03
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