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ABSTRACT

McVetÈy, Peter, Barclay Edgar Ph. D. the Unlverslty of Manltoba,

October, L978.

BREEDING PROGBAI'{S, MaJor Professor¡ L.E. Evans.

Three crosses of sprlng wheat (Frttlcun aestlvum) cur-

rentl_y lnclud-ed. ln the unlverslty of Manltoba wheat breedlng

program were used to eval-uate the use of physlologlcal an{/or

morphologlcaL parameters alone or ln cornblnatlon om F2 pl-ants

or F3 farnllles as selectlon crlterla to ldentlfy hlgh yleldlng

F4 bulks.

The F2 generatlon vûas hand.led. as spacod. plants ¡çrown ln

thef1e1d1ntwotypesof'env1ronments,(a)astress-free
envlronment and. (b) a normal envlronmento Approxfunatcly 2OO

plants of eagh croas were measured. for physlologloalt norpho-

loglcal, yleld component and, phenologlcal tralts as well as

belng vlsually rated for yle1d. potenttal by 5 selectors. A

rand.om 5Q-seed sample from each of these plante was sent to

Mexlco ln the wlnter of tg?6-?? to generate F4 bulks.

Groups of 49 for stress-free and. 81 for norual envlron-

ment grolrln FZt" were returned. from Mexlco as F4 bulks to be

ylel¿ - tested- ln a s1x - repllcate partlally balanced lattlce

d eslgn.

The same 49 and 8t groups as tested- ln F4 were Srown

slmultaneously from F3 relnnant seed 1n'' the sum¡ner of Lg??,
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the results lndlcated that the nost common slngle r,2
paraneter whlch ldenttfled htgh y1erd. potentlal ln F2 was

vlsual yrerd. serectlon, however the selectlon lntenslty had

to be low ln order to retaln a naJorlty of the hlgh yleLdlng
1lnes.

A multlple regresslon analysls approach on a cross - speclflo
basl6 was found to be better than a slngre F2 paraneter
approach because a naJorlty of the hlgh ylerd.ing llnes couLd

be retalned r,¡1th a much hrgher selectlon lntenslty. The

results were slnllar for the F3 generatlon.

A conblned. cross analysls usrng nultlple regresslon
lndlcated. that productlvlty and. peduncle length 1n F2 r{erê
the two most lnportant comnon paraneters. A predlctlon of
hlgh yleldlng 1lnes based on thesc two parameters retalncd.
ln excess of one thlrd of the hlgh yleldlng rlnes w1üh hlsh
selectlon lnüenslty. However, no acceptable commor¡ paraneters
üIere for¡nd ln F3 and.,lt was concruded that repllcated. F3 yleld
teste would be more sultabLe ln such câs€sr

Harvest lndex evaluatlon ln a prod.uctlvlty and_ helght
framework retalned a rnaJorlty of the hlgh y1erd.1ng rlnes whlle
allowlng a selectlon lntenslty of approxlnateLy tSfr, Thls
technlque lnvolved the use of an optlnum harvest lndex ln
prod-uctlvlty and helght extremes of süatlstlcall-y charaoterlzed.
popuratlons¡ rt ls conclud.ed that the harvest lnd.ex - prod-
uctlvlty - helght approach to seLectlon w111 enhance the effect-
lveness of plant breeders tn therr seach for htgh yleld. ln
sprlng wheat.
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l. INTRODUCTION

"Cereal grains are the major food of mankind. In many

of the less developed coÌ¡ntries of the worLd, cereals pro-

vide two thirds or more of dietary calories. Rice ln A,siat

maize in South America, sorghum in Africa, and wheat in the

Middle East are recognized. as the staple food.s on whose

yields famine or feast depends. Among the deveJ-oped coun-

trles there are many, such as Russia and Japan, in which

cereals still provid.e more than half of the diet caLories.

Although cereals make a smaller direct contribution to the

diet of devel-oped countries such as the United States and

Canada, total eereal use per person is extremely high. How-

ever, most of the grain is fed to livestock and becomes an

ind.irect component of human diets.
üIor1d production of cereals over the last twenty years

has increased more rapidly than has world population, but with

more r¡ariation from year to year¡ for the worLd as a wholet

increase in yieLd per unit area has contributed. much more

than increase in the area under cereal crops.' This is par-

ticularly so in the developed countries, but in the less

developed. countríes the rather smaller increases i.n grain pro-

duction have been due about equally to íncreases in yield and

in area.

The world average yield of cerea} grains is 1.7 tonnes

per hectare, more than trvice as great as that of legume crops
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and ollseeds. Partl-y because of their higher yielding

ability, eereals are tending to displace the pulses |n many

l-ess d.eveloped countries although they complement one another

both agronomically and nutritionally. AIso, the rate of

increase in yieldr or a world scale, is much greater in the

major cereals than in the legumes, with the consequences that

the cereals are beeoming progressively more a predomin$nt com-

ponent of the world food suPPlY.

Greater cereal yields are the key to increased food

supplies given the restråctions on fr¡rther increase in the

arlea of land under crops. Improved agronomy' such aS better

weed eontrol- and more timely and effective fertilizer appli-

cations, has contributed greatly to the recent increases in

cereal yieldsr ês has better control of diseases and pestst

whether by genetic or chemical meanso PLant breeding has
\

pl,ayed a naJor ro].e in three l'ays'llot jlg-""-19-"t1-9l -oi-lilg-",9"

Tl p_:.:-t-y.¡*|¡!-an-t .c-ulJlv-a""'U"F:floping sholter-stgtured forms

that do not todge at high levels of fertiLlzer application,

çþ"d by seÌectlng cultivars with g¡e-ateg yigld poten-tll} whlch
't
' can respond to highe-r inprrts. AII three plant breeding

approaches are essential and rn¡st be linked so !t ls diffl-
eult to partitlon progress anong them. At low yield levels

improved agronomy is most important. As fertilizer inputs

increase, lodglng reslstance becomes more importantr whiLe

in high input systens, increase in ylel-d potential rnay be

rate llmltLng.
There have been fashlons in the enphasis gJ'ven to



3

partÍcular processes as the maJor limitation on cereaL yields,

and also to the stage of the crop Llfe eycle regarded as most

crítÍcal. hlatson (1952) attached greatest importance to leaf
growth, canopy developnent and leaf area ind.ex in the early

stages of the crop. In subsequent years much more emphasis

has been given to the final stages of the cereal life cycLe

slnce Arehbold (tg+5) demonstrated that grain growth is
l-argely based on current assimiLation. As a consequence,

partlcular attention has been given to crop photosynthesls

through the grain-filling period as a maJor determinant of

yield.
More recently, howeverr evidence has accumulated that

the capacity to store asslmilates in the gra5.n may limit
yields quite as much as the capacity of the crop to provide

ther¡ during the grain fil,Ilng period, Evans (L975),

The storage capacity of the crop is'largely determined

during the midclle of its life cyc1e, in the period between

inflorescence inltiation and anthesis, ¡nrtly by reproductive

processes leading to the forrnation of the inflorescence and.

partly by the availability of photos¡mthate and nutrients at

that time. In "source versus sink" arguments, 1t is impor-

tant to remember that the potential size of the sink is largely

determined by the photosynthetic assimilate supply at an

earlier stage in the ltfe cyc1e. Currentlyr thereforer more

attention is being given to the middLe 'reproductive" stages

of the eereal life cycle. But the plant breeder and the crop

physiologist must consider all three stages - vegetative
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reproductlve and graln fllllng - because stable hlgh ylelds
w111 be obtalned only when the ylel_d. - deternlnrng processês
operatlng ln all three are ln balance ¡crth one another.rl

rn tbls study paraneters were measured reratlng to the
three developnentar stages of the sprlng wheat plant ln F2

and F3 of three crosses and these have been reLeted. to F4

bulk yleld ln slmple and. nultlple correlatlon anaLysee an,cl.

nultlpre regreselon analyses to atternpt to deternlne lf the
efflclency of serectlon for ylerd ln.ear1y generatlons of
a prant breedlng program can be lncreased by the use of applled
crop physlol_ogy.

1 Ev"ns' L.Tr â.,d. ward.1aw, r. F. Lg?6. aspects of the
comparatlve physlology of graln yleLd ln cereals, Adv, ln
Agron. 28t 3Ot-59,
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2. LTTERATURE REVIEIIü

2.L Yield Components¡ The Ear1v Approaeh to

Scientiflc Plant Breedine

Although economic yieLd has been the nain basis of

sþlection in most crop breeding programs, there have been

nurnerous attempts to find selection criteria based on the

morphology, physiolory and biochemistry of the development

of crop yield.

In cereaLs, Engledow and l¡ladham (L923, L92t+a and 192&b)

were among the first to suggest a scientlflc approach to

breeding for yield.. They suggested. the use of yield compon-

ents, namely (i) average number of ear bearing tillers per

plant, (it) average number of grains per ear and (íii) average

weight of a single graÍn In explainlng yield differences in
cereal varleties. They also investlgated the useftrlness of

morphological and physiological parameters as indices of

slngle plant yield. It was found that only "migratlon coef-

ficient" (similar to todayrs harvest index only on a fresh

welght basis) was of any real r¡alue.

The components of yLeld have continued to receive mueh

attention from breeders.

lilald,ron (L929) reported a signlficant eorrelation between

all the yleld components and yield in common and dunrm wheats.

He concluded that partlcular attention must be paid to keeping

the number of ke¡nels per head high to naximize yield.
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I'Ioodworth (lglf) found that yield components in wheat

were inherited independently and suggested that one coul-d

obtain good val-ues of alL the yield components in one geno-

type.

Bridgeford and Hayes (1931) concluded on the basis of a

stepwise multiple regression anal.ysis of yield components

and agronomic characters in wheat that one should select for
numerous big heads per row to inerease yield.

Stephens (LgI+z) in an attempt to overcome the yield
plateau in oats in Great Britain by selecting for yíeld. com-

ponents concluded that conponent compensation largely ruLed

out yÍ.eLd improvement with this approach.

Frankel (tgt+Z) ad,vocated the use of yield eomponents to
increase yieLd but only iî this was done in replicated homo-

zygous lines beeause the heritabl-e varianee of yield components

relative to the environmental 'uariance is too low to enable

selection for yield components on a single plant basLso

Boyee, Copp and. Frankel (tg+Z) found that seLection for
yield vía yield, eomponents ln Fr. on a plotwise basis was sueà

cessftrl- in increasing F, famlly yield while selection for
yield eomponents on F, plants was r¡nsuccessful.

Grafius (L956) introduced the concept of a geometríc

interpretation of the yield conponents and. indieated that
naximun yield is obtained at intermed.iate levels of the three
yield components X, Y, and Z where X = number of panicles per

unit land area, Y = average number of kerne}s per panicle and

Z = âverâge kernel weÍght. lrlhen X + y + Z = 3t maximum yleld
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Ís obtained when X = J = I = L. Since increases in the

smallest component of yiel-d wiLl result in the Largest yield
gain, it seemed logical to take a good variety and atternpt

to irnprove its most limiting yieJ.d component.

Stoskopf and Reinbergs (L965) found that in oats and.

barley the number of grains per head was the most rellabLe

yield eonponent to use 1n estlmating yield per plant. How-

ever, the authors go on to say that none of the three yield
components can be used to prediet yieLd on a plot basis and

that although the three yieLd components effectivel-y describe

yield per plant they do not determine yield per unit area.

Qui-nlan and. Sagar (f965) studied the effeet of doubling

seeding rate on the yield components of two r¡aríeties of wheat.

In one variety tiLler number was reduced. by half while in the

other both tiller number and grain number per spike were

reduced,t in both varleties seed weight remained constant.

Johnson g! 4.. (fgge ) sü¡dled yieLd components ln four

winter wheats differing in height. It was found that yield

components determlned. on a plot basis had no consistent rela-
tionship with yield per plot over the four r¡arieties. They

coneluded that yield components are of litt1e r¡a1ue to the

plant breeder and that he should look at yleld itself lnstead.

Adams (196?) dealt with a major pitfall of yield com-

ponents - that of yield component conpensation. He indicated

that the negatlve correlations between yíe1d components are

due to strong interplant and intraplant competition. Corre-

lations are low or near zero in plants under noncompetition
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but are signifícant and negative for competitive pl_ants.

ff these were true genetic correl-ations they would be much

more constant. The author suggested that ínputs of photo-

s¡mthate to the sink are oscillatory and that yierd component

compensatLon resurts from the input Level being high during
some phases of sink development and low during others. lhere-
fore the negative eorrelatÍons of X, Y, and Z have little to
do wlth establishment of actual. yieLds. rt is concruded that
plant breed.ers should breed for an XYZ optimum.

Fonseea and Petterson (rgea) arrived at concLusions eom-

pletely contrary to those of Adams OgeZ) by studyÍng yield
components in wínter wheat. These authors found that the

majority of the varj.ation in pJ.ot yield could be accounted. for
by its association wlth the three yierd components. However

they conclud.ed that progress by seJ-eetion for yield components

per se may be limited by the strong negative correrations
among the yield components.

Hsu and. I¡lalton (L9?Oa, 1970b and Lg?L) studled yield
components and agronomic eharacteristics in a J x J diallel
of spring wheats and found that selection for agronomic traits
assocLated with an Lncrease in photos¡mthetic area above the

fÌag reaf nod.e would be more successfr¡I in increasing ylerd

than seLection for yield eomponents.

Rasmusson and CannelL (19?0) tested yield eomponents as

yieLd sereetion criteria in the earry generatíons of barLey

crosses and found that supposed 1inkage between the yleld
conponents led to yield component compensation and made
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seleetion for yleld components unwise.

Ad.ams and Grafius (tgZt) in commentÍ¡g on Rasmussonrs

and Cannellrs (L970) paper, disagreed with the idea of l-ink-
age in yield components and suggested that yield component

conpensation is due to the osclllatory response of sequential

eomponents to limited resources. P1ant breeders were orrcour-

aged to select for yield advancement by selecting for optimal-

geometry of the yield components in thelr environment.

Knott and Talukdar (19?I) studied the relationship þ-Ëüween

yield components on a plot basis and obtained a highly sig-
nificant negative correlation between loo0 kernel weight and

kernel number per plot. In splte of this negative correla-
tion, they were able to increase yield.s by selecting for
increased kerneL weight.

Syme 11912a) conducted a study of greenhouse grown single
pJ.ants of each of the forty-nine cultivars grourn in the fifth
lSt'ìlYN and found that 100 kernel weight was useftrl in yleld
performanee prediction but not as good as harvest index or

days from sowing to the ernergence of the seventh leaf.
ülalton (Lg?Z) found that yield components were useft¡l in

explaining ylerd differences Ln spring wheat varieties. Ttre

only traÍt which was better at explaining yield differences
was leaf area duration.

Kaltsikes (L973) reported that in spring rye the yield
components measured on a plot basls accounted for 9?.jy'o of
the variability obsen¡ed ln yleld per plot in a stepwise'

nultlple regression - and thus were good, ln explaining yleld
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variatlon.
Lee and. KaltsLkes (1973) fn a study of dun¡m wheat,

found that the yield components had high correlations wlth
yleld, and that the. .most lmportant pred.ictors of yield were

nunber of kernels per plant, L000 kernel weight gnd days to
maturity. These parameters in a rnuLtiple regression equation

aecounted for ?8/" of the variatlon in yield.
The latest a¡rd most ambitious paper on yíeJ-d components

was by Graffus et 4.. o9?6). They reported that in barley,
selection of parents based on wide differences in yield com-

ponents on a pJ,ot basis folLowed by one backcross to either
parent resulted, in ad.vanced generations with yields whlch

could be predicted quite aecurately on the basis of parental
yíeld component regressionso The authors attribr¡ted their
success to the backcross which tend,ed to preserve the inte-
grlty of an already proven system while adding factors from

another system.

2"2 Growth Analysis

The second wave of scientiflc endeavor to simplify the

search for yield was inltiated by ülatson in 1947. Growth

analysis as used by lrlatson and others involved the use of
sequential harvests of plant naterial throughout the growing

season eombined with an estimate of photos¡mthetic area or

leaf area (LA) at each harvest. Parameters measured or

derived from the analysis included Leaf area index (IAf ),
leaf area duration (IAD), leaf area ratio (f¡n), crop growth
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rate (CGR), rel,ative growth rate (RGR), net assimilation rate
(NAR), and graín to leaf ratio (C).

Watson (J)4?) in a comprehensive comparative study of
wheat, barley, potatoes, mangolds and. sugar beets grown in
one metre rows, investigated NAR and IA, He found a similar
seasonal trend in NAR for alI species but found significant
differences in NAR between the species, with the rate increas-

ing in the ord.er wheat, barJ-ey, potatoes, mangolds and sugar

beets. No signifieant varietaL d.ifferences were observed in
wheat. This was in contrast to Lr{, which varied significantly
from variety to variety. hlatson concluded that in general,

variation in IA was the main factor determining differenees

in total d.ry matter (DM) produetion and. yíeJ-d, with variation
ln NAR being of minor importanee.

blatson (L952) in a review paper of British results wlth
growth analysis, covering I{AR and LAI in wheat concluded that
totatr DM production and yield were more d,ependent on IÂI than

on NAR. It was reconnended that breeders attempt to increase

yield by increasing LÀf to a maximum or optimum while paylng

little attention to lilAR.

Thorne and lrlatson (lrgsil reported that nitrogen applica-

tion in any form at or near anthesis increased IAD and yield
by 2/" in Yeoman winter wheat. The G vaLue remained nearly

constant over al.Ì treatments and indicated that under British
condltíons yield is closely associated with IAD.

Lupton (fg6f ) studylng NAR in six wheat eultivars lnclud-
ing taL1 and short varietles found significant dlfferences
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and suggested that these varietal differences should. be of

considerable interest to plant breeders.

hlatson et aI. (tgdl) carrled out a complete growth

analysis of new and oJ.d spring and winter wheats with the

following resultsr (i) IÁf of oId winter wheats was hlgher

than IÁI of new ones, with this trend. reversed for spring

wheats, (1i) fAO of winter wheats was slightly greater than

that for spríng wheats but there were no sígnificant differ-
ences in IAD between old and new wheats, (iii) ¡nn of spring

wheats was greater than that of winter wheats, (iv) G values

of new varieties were much higher than for o1d varietles and.

fÍnalIy (v) yields of the two whpat types were equal.

Lupton et al. (tgøl) studied varietal differences in
growth patterns of wheat and their importance in determining

yield. Only shoot dry weight and IAD were significant in
explaining yield variation in hybrid populations. Itlhen con-

sidering the predi.ction of yield from characters measured in
a different season, the authors found the best correlation

u¡as that betr,veen the two estimates of yield itself.
Davidson (lg6S) controlled the IÂI of Olymplc wheat at

I and J, removed all l-eaves or half of al-I leaves at anthesis

and compared. these treatments wLth a control which had IAf l-2.

It was found, that l-eaf removaL at anthesís had no effeet on

yield whLle rnaintaining IAI at I and 3 reduced yield by $Ofi

ana 6O% respectively. These treatments reduced, yield by

reduclng both grain number per spike and mean grain welght

by about 50/6, The author recommended for Australian conditlons
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that lA,D before ear emergence be glven much greater atten-
tion than IAD after ear emergence. This is because Australian

varieties senesce verîf rapidl-y in the increasing heat and

drought before harvest.

ülelbank et aL. (Vøe) investigated the dependence of
yield of wheat varLeties on IAD in four British wheats.

Grain yields were found to be nearly proportional to TAD of

either the whole plant or just the flag leaf node and above

after anthesis. The authors studied G values as well and

found that they were nearly constant over all varietles and

treatments and coneluded that yield was more dependent on IAD

than on NAR.

Flsher and Kohn (L966) looked at the relationship of
grain yield to vegetative growth and post-flowering IA in
the wheat crop (cv Heron) under cond.itions of limited soil
molsture. Higher sowing rates, higher N applications ot'

deS.ayed sowing aÌl decreased yietd by increasing water stress

in the plant before and after flowering and thus advancing

maturity. Grain yield was found. to be e}osely rel,ated to IÁD

after fJ.owering (.969ooJ¡.' Grain yÍeld was also correlated
wlth total DM at flowering (.875**x¡. These resuLts showed

that IÂD was important ln determining yleld and that there is
an optimum level of vegetative growth for rnaxirnurn yields in
Austral-ia.

Bingham (tg6Z) experimented with three British wheats

by artifLeially varying grain number per ear. The overall

conclusion was that slnk and source are equalì.y important

1*** = slgnlflcant at .001
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in limltlng yleld and that one shouLd increase sink size by

lncreasing grain nunber and increase source size by increas-
ing IÁD to obtain higher ylelds.

rn 1968 Thorne et aI. reported a study on the effect of
daylength and temperature at three periods on deveropment ín
wheat, (i) to ear emergence, (it) to anthesis and (iii) to
maturity' It was found that effects of environmental differ-
enees on graín dry weight couLd not be explained by differ-
ences in r.*{D except when a coor long day]-ength treatment

followed anthesis. It appeared therefore, that environmental

differences in periods (i) and (ii) controrled grain dry
weight by altering the eapacity of the ear to accunulate

carbohydrates as d.etemlned by the number of grains per €€ùr¡

Itlatson (fggA) reviewed Britísh growth anal,ysis endeavors

to 1968 and found that increases ln yield in Britåin were

closery rerated to increases in rÂr or raD. The review also
indi.cated that sink strength is related to number of graf.ns

per tiller, and sl-nce semi-d.warfs have more grains per tf.lrer,
they have a hlgher harvest lndexo The reviewer concluded.

that yield ln wheat ls a product of both sink and source.

A study on tall and seml-dwarf wheat varieties for yierd,
harr¡est index, rAD, G and total DM production was reported
by Thorne et aI. (1969)" Yields were for¡nd to be equivalent

since DM of semi-dwarfs was less but harvest index was higher.

fn a simiLar vein, the IAD of semi-dwarfs was Less but the G

value was hlgher. The authors speculated that the lncreased

G values of senl,-dwarfs nay be due to an Lncreased photos¡mthetic
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rate or lnereased transl-oeatlon to the grain. It is sug-

gested that 1f semi-dwarfs produeed as much ÐM as taIl var-

ieties, thelr yieLd wouLd be outstanding.

An excelLent review covering both wheat and rice was pub-

llshed by Yoshida (L972). He lndicated that for both cereals

IAD has a great effect on yield and. that increased IAI results
in increased productÍvity up to a plateau. As well, increased

total DM production results in increased yield, üp to an

optirnum leveL of total DM after which yield begins to decline.
High yield in both wheat and rice is reLated to srnall upright
leaves, short plants and high harvest lndex., lhe authorts

final eonelusion is that grain yield in the eereals is limited
by both sink and source ca¡ncity.

Khalifa (tgZl) studied the effect of nitrogen on IAI,
IAD, NAR and yieJ.d in wheat and found that nitrogen applica-
tion earJ.y in the growing season increased IÄI, ïÂD and yield
while late application had no effect on TAI, LAD or yie1d.

Total- DM at harvest was highLy correlated with IAD (r = .96**¡
and with IAI at anthesis (r = .?7o). Yield was also highly

correl-ated wlth Iå.D (r = .79*) and LAf at anthesis (r = .85{t)

leading the author to conclude that increased yieLd in wheat

will follow increased IÂI at anthesis.

Tarlowskl et aI. (L976) found in a comparatÍ.ve study of
taIl and semi-dwarf varieties using growth analysis techniques

that the tall varieties had. a higher tiLler number than the

semi-dwarfs (as single plants) and had a tlme lag in ear

development past the point of maximum culm and sheath dry
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welght which was not observed in the semi-dwarfs. The tall
varleties had. a greater I.,A,I (g-fO) than the semi-dwarfs (5-8),

but the semi-dwarf IAI maximum and NAR maximr¡_m coinqfspd -Whl-le

lilAR maximum occurred when rÁr was declinine in the taLl var-
,:':''' ' 'ìl

ieties. The semi-dwarfs were more efficient at resource

utilization and this courd be attributed to (i) reaching maxi-

mum IAI 10-20 days before taLl varieties, (il) simul_taneous

maximizing of NAR and üI, (iii) a longer grain fillÍng period

and (iv) a greater sink capacity. The authors conclud.e that
semi-dwarfs have t_he p,o--tçn!i*l tg o"tliåra {"1,r_' Ëe{ieä-,-"'"-
especiall¡r if they are planted at higher densities to achieve

higher IAf.

2.1 Morphology and. Agronomy in
Relation to Photosynthesis

Sü¡dies centered on the morphology and agronomy of wheat

in relation to photos¡rnthesis eommenced ln l95O with a paper

by Asana and ltlani (f950). This publicatlon reported on a

study of varietal d.ifferences in photosynthesis by the leaves,

sten and ear in wheat by shading,and. defoliation experiments.

Varietal differences ln the photos¡mthetic contríbution made

by the various plant parts were found and thís led the authors

to suggest that plant breed.ers night be able to exploit these

d.ifferences in a plant breeding program. Asani and Mani later
(J-955) reported that differences in ear photosynthesis were

due to the presence or absence of awns and d.ifferences in
spikelet number. llhe r¡ariation in photosynthetic contributlon
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by leaves could be aecounted for by differences in IÂD

They suggested that varietal differences in yield may be

accounted for by such attributes as leaf and stem size,

spikelet number and presence or absenee of awns and their
functional period.

lrlatson et 41. (ú58) studied physíological differences

in grain yield amonéî three varieties of barley and found that

the high yielding varíeties Proctor and Herta had J-arger ears

with greater photosynthetie effieiency than Plumage-Archer

while photosynthetic contributions from other plant parts was

equal. Therefore it was concluded that the differences in
yield observed were due to differenees in ear photosynthesis.

Lupton (l-96:") experimented with six varieties of wheat

and found significant varietal d.ifferences in ear photo-

synthesis and net assimilation rates. He concluded that plant

breeders eould choose parents for crosses uslng physlologlcal

criteria.
Thorne (tg6S) studying photos¡mthesís of ears and flag

leaves of wheat and barley reported that the ears of wheat

photosynthesize very little anci that the flag leaf contri-
butes most of the photosynthates supplied to the ear whíle

in barley the photosyrrthetic contributions from the ear and

flag leaf were approxímately equal because the photosynthetic

rate of the barley ear was high due to the presence of awns.

Therefore, in wheat the plant breeder should select for flag
leaves with enhanced photosynthetic capacity while in barley

the ears deserve more consideration.
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Carr and lnlardlaw (L965) completed investigations on the

supply of photos¡rnthetic assimilates to the grain from the

flag leaf and ear of wheat and. found awned wheat varieties
had an ear photosynthetic eontribution greater than for the

flag leaf whil-e this ¡q¡s reversed for awnless varieties.
Buttrose and. May (L965) used. Gabo wheat g?own ln either

the sumrner or winter in a greenhouse to study ear photosyn-

thesis contributj.on to yÍeld. ft was found that ear photo-

s¡mthesis eontribu ted 5L/, to yleì-d in summer but only 28"Á to
yieLd in winter. In both cases fínal yieLd was the sane so

other compensating factors came into play. It was concluded

that the amount of photosynthate the ear contributes to yield

is light íntensity dependent.

Kriedemann (t966) studied the photos¡rnthetic activity
of the wheat ear in Sabre wheat uslng various shading tech-

niques. The estimates of ear photos¡mthetic contribution to
yield were r¡ariable from 9.7 to 4ltfi and were dependent on the

shading technique employed and by the environment. This is
because ear photosynthesls comprises two processesr the

assimilation of atmospheric CO, and the photosynthetic refixa-
tion of the earts respiratory COZ. The latter component can

make a substantial contrlbutLon to grain yleld, comprising

more than half of the earrs total C0, assimllation according

to the author.

voldeng and. Simpson (L967) studied the relationship

between photosynthetic area and grain yield per plant in
wheat using seven li¡res of wheat in shading experiments"
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ïn al-I cases 'the ear and flag leaf photos¡mthates made up a

very high proportion of the total contribution to grain dry

weight. on a single prant basis, the correlation between

flag l-eaf area and yield per tiller v¡as (.?4*). !,lhen the

authors included. ear area with flag leaf area versus yield per

tiller the correlation rose to (.87n'). rt is conclud.ed that
selection of plants with a large flag leaf and. ear area should

iclentify the higher yielding plants *oFs a mixture of geno-

types

Pearce et al. (1967) observed photos¡mthesis in plant

communities as i-nfluencecl by leaf angle by tilting frats at
Or J0 and 60 de6çrees from the horizontal to obtain different
leaf angles. LAI was also altered by planting 2J, J0 and

100 g of seed per flat. The authors found that differences

in net photosyntheses due to leaf angle incr'eased as IAf
íncreasecl above 2 and that the upright leaves had. a higher

net photos¡mthesis than the more horizontal leaves. It was

concluderl that more upright leaves al1ow a greater I*{I to be

d.eveloped which leads to greater net photosyn.thesis which in
turn may lead to greater yields.

Simpson (1968) conducted an investigation into the asso-

ciation betleen grain yield and photosynthetic area above the

flag leaf node in wheat grown in a greenhouse. 0n a per

tiller basis significant correlations were found between

yield per tiller and (i) area of head (r = .75*), (ii) area

of flag leaf sheath (r = .?3*), (iii) totat photosynthetic

area (r = ,?6*), and (iv¡ IAD (r = .75*), 0n a per plant
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basis slgnificant comelations were found between graín

weight per plant and (1) flag leaf l-anina area (r = .84*),
(ii¡ flag Ìeafsheath,area (r = .91*), (iii) head area

(r = .91*), and (fv¡ total- photos¡mthetic area above the

flag Leaf node (r = ,93t+). Therefore photos¡mthetic area

above the flag leaf nod.e has a good relationshÍp to yield
either on a per tiller or per plant basis

R¡ckridge (1968) studied the interaetion of photos¡m-

thetíc organs in wheat und.er field conditions using shading,

defoliation or tiller removal at J days post anthesis and

found that only kernel weigtrt r¡arled. in these experiments.

It was concluded that the flag leaf photosynthesizes at a

maximum rate but that this is not necessarily tn¡e for the

rest of the pLant. A f\¡rther conclusíon was that good eom-

pensation by ears, stems and sheaths occurs which indícates

that sink si.ze is ínportant in the control of photos¡mthesis

and. transloeation in wheat.

Lupton (1968) analyzed grain yield of wheat Ín terms of
photos¡mthetic actlvity and efficlency of translocation and,

found that when photos¡rnthetic activity and translocation
percentage of carbohydrate from the ear, flag leaf and second

Ieaf were lntegrated, a very reasonable estimate of final-
graLn weight was obtained. fn contrad.iction to Puckridge

(1968), thLs author found that the rate of photos¡mthesÍs

of leaves was not Limlted by the slze of sink to which photo-

synthates are translocated.

Lupton (tg6g) continued the above work and reported
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that 6o7t of tne carbohydrate in the grain was derived from
cument photos¡mthesis from frag reaves and sheaths, about
ro/" from the ear and lÙy'o from the second teaf. photosynthe-

sis before anthesis contríbuted 12% of the grain carbohyd.rate.
Yield predictions based on an integral of photos¡mthetic rate
and translocation proportion rvere found. to be quite accurate.
The author suggested that plant breeders eourd. measure photo-
synthetíc rate and transloeation proportion to select parents
for a hybrÍdization program.

The effect of defolíation on the cOa uptake of a com-

munity of wheat plants in the fÍeld was ¡sported on by

Rrekridge (L969). The results indicated that only the top
J leaves in wheat photosynthesize in the 20 day períod
centered around. anthesLs. RemovaÌ of all leaves and. ears

was found to decrease photosynthesÍs by 66fr but it should
be noted that the stem and sheaths still photosynthesize at
l+lgl of t}:re eontroL value. since the leaf sheaths and stems

forn Jort or more of the total green area after ear emergencee

the author suggested that this area could be quite important
in maintenance of yield in areas where water stress causes

leaf senescenee.

Evans and Rawson (Lg?o) used Gabo, sonora 64 and pitic 62

wheat in an Í-nvestigation of photos¡mthesis and respiration
by the flag leaf and components of the ear during graín
development. rt was dÍscovered that developing grains photo-
s¡mthesize with a light maximum of ?00-900 foot cand,res and

that gr"ain photos¡mthesis armost baranced the grain respira-
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tion unttl the l-ate stages of grain development. Ear photo-

s¡mthesis contributed 20 to 30/, to grain growth in the var-
ieties studied. tr\rther fíndings were that the photos¡rnthetS,c

rate of the flag leaf blade varied in response to sink demand

and that photos¡mthesis by the ear and. flag reaf blade alone

could account for the need.s of the ear at all times, there-
fore grain growth was not limlted by the supply of assimil-
ates.

Evans and Dunstone (J-g?O) published. a very interesting
paper on some physiologicaL aspeets of evoLution in wheat.

They reported that there has been a parallel_ increase in
leaf and.grain size in wheat over evoLutionary time but that
this has been eoupled with a progressive reduction in the

rate of photos¡mthesis per unit leaf â.rêâ¡ Therefore, maxi-

murn wheat yields are probably not being achieved by the pre-

sently available wheat varleties.
Loomis É. 4.. (1971) indicated that photosynthesis is

an fmportant factor to be considered in agricultural pro-

ductivlty and suggested that differences in C. and. C4 photo-

synthesis should be exploited to nraxinize "g"í"rrftrr".f pro-

ductivlty.
Moss and Mr¡sgrave (Lg?I) belleve that the limitlng

factor on photosynthesis and. yield ls llght and that plant

form modifications or inereased, biochemical capacity to
enhance photosynthesis per unit ground area w111 lncrease

yieId..

l{ith regard to canopy nodification Duncan (fgZf) used



23

computcr simulation techniques to deduce the effects of
leaf angres and areas on ca¡ropy photos¡mthesis. The results
show that for IAI under 3¡ differences Ln leaf angle have

litt1e effect on canopy photosynthesls but at higher ïAI
(Z-fO) leaf angle becomes vefy important with vertical
leaves in the top of the canopy grading to horizontal Leaves

lower in the eanopy belng the rnost deslrabl-e. The author

cautíoned that leaf angre is of greatest importance in the
tropics and of least importanee in the far north with respect
to photosynthesis and IAf.

Gifford et FI. (J-9?3) used the barley variety ResLbee

to assess photosynthetic limitation to grain yÍeld j.n a fleLd
crop and found that both sink and source act as partial
limitations to yleld. fhe authors coneluded that increasing
photos¡rnthesis in the variety would be ineffecti.ve wrless

the sink was simultaneously increased..

Moss (ltg?tt) indicated that physiologists are playlng a
large role in desLgring plants for hlgher yield by (i) choos-

ing plant eharacters to be investigated, (Í1) èrraluating

inportance of the characters to yield and (iii) identifylng
new characters to includ.e in an ideot¡pe development program.

Moss cites the work d.one in photos¡mthesis which led to the

incorporatLon of delayed leaf seneseence, upright leaves,

awns and efficient stem carbohydrate storage into an id.eo-

type for high yield Ln barley as evidence of physiologistrs

contríbution to breeding"
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2.4 Earlv Generation Sel_ection for yield
Early generation selection has been developed and advo-

eated by many individuals based on the information documented

by Shebeski (tg6Z) an¿ Sneep (Lg??) tfrat for a character con-
troLled by rnany geges such as yieLd, a genot¡pe possessing all
of the desirabLe genes in homozygous or heterozygous condi-
tion oceurs most often ln the F, with its frequency declining
in subsequent generatiohso Thus sel-ection which occurs i;
the earLy generatlons, preferably Fa, is eonsidered to be

the most efficient rvay to sel_ect for yield.
Since the Ft generatÍ.on is the first generation i.n which

serection for yield can oceur once the parents for a cross
have been chosen and the cross made, it must be asked.if
selection in F, on singre pJ.ants can be suceessful. Sever.al

authors have investigated this question includ.ing shebeski
(196?) wno found that alJ. F, selectj.ons retained by the breeder
irrespective of the basls of selection were random for yierd.
rt is suggested that early gener"ation testing starting with
F, plots would be best because the breeder has no ablrity to
select for yieLd potential in F, p3_ants.

\----'.i-
."' MeGinnis and shebeskl (rgea) investigated the same pro-

I utem, coming to a different concrusion - that seLection of
welr tillered (but not excessivery tillered) Fz plants which
are vigorous would. lncrease the general yielding capacity of
the F, lines and would consequently be advantageous to a

breeding program.

Knott (Lg?z) also looked at the effect of selection for
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F plant yleld on subsequent generations in wheat and found

significant regressions between FZ ylel,d and F, progeny

yieLd but lndicated these were so smaLl as to be of llttle
val-ue in a plant breed.ing program.

Skorda (tgZl) attempted to overcome the lack of repLica-

tion in F, by planting the seeds of two F, fanilies and their
parents in a six replicate randomized complete block with a

comrnerciaL seeding rate. Frorn each replication the 20 highest
yielding F, plants (first selection) and the next 20 highest
yieldíng Fe plants (second selection) were sel-eeted and grown

in F, replicated yield tests, lrlhen the two groups of selec-
tions were combined within each cross, highly signifieant cor-
reratÍons (r = .848*rs and. r = .871**¡ were obtained.. From

these, Skorda concluded that selection in F, was effective
because the F, lines with hlgh mean yields were derived from

the higher yielding F2 plants.

Fasoulas (tgZd) reported on the use of a honeycomb design

method of Ft plant evaluation whereby F, plants were selected

on the basis of yield ln the absence of interplant eompet5.tion.

trÞsoulas has shown that seÌected high yieldine Fz pJ.ants pro-

duced. hlgh yielding progeny when the yield of both generatlons

was measured. as single plant yield ín the honeycomb d.esign.

fn spite of the few suecesses in F, single plant selec-
tion for yield potentÍal most breeders agree with Allard
(1960) tfrat selection for heritable high yield in the F, ís
futile because environmental effects are too great. Most

breeders concede that if selection for yield potentiaL is to
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be vla yield' then the F, generatlon is the earLl-est possibte

generation in which this ean occur.

Briggs and Shebeski (Lg?O) studied the usefuLness of
visual selection in F, for yierd in single replicate prots

with control- plots everTr third plot. The selectors were 2.5

times better than random at a L0Ø selection intensity level
but they rnissed many, high yielding lines so the authors con-

cluded that visuaL selecti.on for high yield in F, plots was

Ìargely ineffective.
Briggs and Shebeski (197J.) improved upon their previous

study by measuring grain yield on whole single replicate F3

plots and erçressing these yields as percent of an ad,jacent

control. the authors reported a significant rank correlation
(r = .7L*) betr¡eer F3 and F, yields, but only when the whole

F, Vield range was sampled to d.eveLop F5 li.nes. It is con-

eluded that F, selection based on these results could not be

recommended., particularlg at a high selectÍon intensLty.
Townley-Smith et aÌ. (lgZl) conducted an investigation

Ínto selection techniques for yield in wheat and concluded

that breeders must test large populations 5.n early genera-

tions in ord,er to breed. for i.¡rcreased yle1d.. ft is firther
concLud.ed that all pl-ots must be harvested. and that adJust-

ment of plot yields using moving means shoul-d be used to
increase heritabllity. RelatlveLy large numbers of genot¡pes

should be seLected for the next generation of testing.
Shebeski and Er¡ans (].973) reported on the logical exten-

sion of earJ.y generation testlng - the use of replS.cated F,
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yleLd measurements to increase the precision of the yield
measurement and to provld.e prellminary estimates of wide

ra¡rge adaptability. Although final results were not pre-

sented, preliminary results lndicated that repllcated F,
hllL plots would, al-low selection of high yielding and wide

range adapted material.

Depauw a¡rd Shebeskl (Lg?il used the sane nursery design

as Briggs and Shebeski (1971) to evaLuate an earl-y genera-

tion yield testing procedure in F' F4 
^nU-rS 

in wheat. Sig-

nifieant rank correlatlons between F, and F, bulks (r = .59*)

were obtaíned as were significant rank correlations between

F, and F, family means (r = .i6x¡. ,The authors concluded

that yield testing in unreplicated F, plots was effective
because the highest yieldine F4 bulks and, F, families came

from high yieldíng F3 llnes. As previous (19?1), a wid.e

r¿tnge of F, materiaL had to be chosen to ensure inclusion of
all high yieldÍng lines ln F4 or Fr"

0rBrien (1977) completed an evaluatlon of F, selectlon

for yieJ-d incorporating repllcated F, testing tn 3 row plots
and hill plots. The otltcome was sufficiently successful to

be given conslderation by plant breeders.

2.( Attempts to Find Yield Selection Crlteria
Mâny breeders and physiologists in the Last few years

have proposed the use of rnophological andr/or physiologieal

traits as yield. selection criteria rather than yieLd ltself.
Many traits have been suggested and. it is to these and tlreLr
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advocates that this review now turns.

Tanner et alo (o966) reported some observations on

upright leaf tpe smal-l- grains. The wheat, oat and barl.ey

nurseries at the Ontario Agricultural College were ranked

for yield using onLy Leaf angle (upright) and leaf width
(narrow) as selection criteria. three hundred varieties were

eval-uated as high, medium or low yielders. Out of 50 high

yieJ.ding lines predicted, 48 were correct and 2 which were

very unusual varleties were incorrect.
MacKey $g6e) described ideotypes of wheat for dry and.

wet-land adapted'uarieties based on physiologicaL coneepts.

His dry-l-and. adapted ideotype has mod.erate sized leaves which

wilt ear1y, with emphasis on photos¡rnthesis by ears, culms,

and. Teaf sheaths (therefore awned. ears), high tilJ-erÍng

calncity and good translocation ability. All of these eon-

ponents are reLated. to water use efficieney.

The wetland adapted ideot¡4pe has large Leaves with the

lower leaves wiLting early, a large ear with nultifl-oral
spikelets with large seeds with,the plant being moderately

tillered. The p1-ant should be short since the primary sink

is the êârr' AIl of the components emphasized are related to

the earrs ca¡ncity to accept the copious amounts of photo-

s¡rnthates produced by the flag leaf. The author makes a

general statement that efficiency in erop production will
ultimateLy depend, on photos¡mthetic activity, loss by res-

piration, size of effectlve assimilating surface and its

duration to flrnction ln rel-ation to the environment where
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the crop is grown.

Ianger (lg0Z) reviews physiological- approaches to yield
determination in wheat and barley to the mid 1960ts. The

revj.ew covers the ehanges from the population census methods

of the L920rs, through the source of earbohydrate studies,
translocatÍon, sink and source relatíonships and ending with
tiller production stud.ies of the L96ors. rt is eoncluded

that fi¡rther research should be direeted towards DIrI distri-
bution in the plant and response to the envíronment by plants.
The author concluded with the quote

nlnlhen physiologists have a clear definition
of yield determination and genot¡pic dif-
ferences, plant breeders wílI quit ignoring
the physiolog5-st.n

Hurd. (1968) reported that varieties which have the

greatest yield potential do not necessarily yield the most

und.er limiting cond.itions. This is thought to be due to the
possèssion of yield llmiting genes by the maxinum yield
potential genotypes when they are grown r.¡nder limitlng con-

d.itions. The authorts approaeh was to select genotypes where

yield expression was not LLnited (moderately tillered F,

plants in dry land areas ) anA to yield test in F, as many

li¡es as posslble.,

Donald (fg6g) expanded on the ideot¡æe concept stating ..í/'
rhat r_Lq_ eqseqs_sÆt sfg-P.*l*:*tp*9_*g_o,s_L*_SiJ b" 

SjyqeL*9"_oJL-_.. 
,*

J_glåSgn,o*(tt) nalce a minirm¡m d.enand on resourees per r¡nit DM

produced., (üi) have each r¡nit of DM with sufficLent eapacity

to accept art photos¡rnthates. An ldeotlæe is described for
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wheat which has a short strong stem, a few smal_l erect leaves,

a large erect awned ear and a single culm per pLant. The

author arso suggested rz spaced plant selection critería.
It is recommend.ed. that pLant breedersf îeiàin,the poorest ?

è

yiel.ding plants in F, populations so as tõ- retain the hlghest
yielding monoculture plants.

Baker et aI. (fge8) studying the cross CT 423 X pretude

found that the genot¡pic correlation between percent N ln the

srain .1ncl 
yielã of (:.?Zo). This correlation was taken to

indicate that one can not increase yield without red.uelng

protein or vice versa. From this it can be eoncluded that
sel-ection for yield via percent protein might be successful.

Kaufrnann et al. (lg6g) extended the above work a¡rd found

that selecting late tall lines wouLd increase yield by reduc-

ing percent N in the graJ.n. They conel-uded that the large
negative rel-ationship between nitrogen content and yield
(r = -.70*) observed in the study was undesj-rabl-e from the

standpoint of a breeding prograrn.

lrlalton (fgeg) condueted an inheritance study of morpho-

J.ogieal characters assoeiated with yietd. in spring wheat.

It was for¡nd that fJ.ag leaf lamina area, extrusion .of the

head from the fì.ag l-eaf sheath, head length and yield were

al-L controlled by minor genes with additive gene action.
Partial d.onínance was present for yie3.d, flag leaf area and

head J.ength. In summary, he concluded that breeding for
increased yield vj.a Lncreased extn¡sion length or inereased

flag leaf area Ls feasible because of the genetÍc systems
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involved.

Austenson and l¡Ialton (Lg?o) studled the relationship
between initial seed weight and mature plant characters in
spring wheat and. found that large kernels gave rise to plants
with more tíllers and ultirnately more yield. The correlations
obtained were significant although J-ow (r = .20*). The

authors conclude that it is possible to breed. for increased.

yield simply by selecting larger kernels. Thís is. one of the
simplest selection criteria availabLe to plant breeders and

has led to the d.evelopment of large seeded utility varieties.

! syme (Jg?o) studied a high yielding Mexican semi-dwarf,
!fi¡I 15 and the relationship of yield to harvest index (Hr)

along with eight other varieties. For the nine varieties
over 1J locatíóñsr the c'orreLation between Hr and. yield was

(.96q¡. The possibility of breeding for yield via Hr became

immediately obvious.

,^y' 1".singh and stoskopf (rlZr¡ found a high degree of varia-tr\\ nitity ü-i'Ëä'Hf'öî*wïäler wheat, winter barrey, winter fvêr
spring barley and. oats over a 4 year period. The authors

conclude that considerable improvement in cereaL grain yield
could be made by selecting for higher Hr r¡arues by choosing

short pì.ants with high yield from segregating populations.
Irlalton (19?1) used factor analysis to determi.ne eharac-

ters for yleld sel-ection in wheat in an 8xB dlaLler, finding
that head. voLume ¡er plant, kernels per plant, head.s per

plant, 1000 kerneL weight, days to anthesLs and flag Ìeaf
breadth aceounted for 93.718 of the varíatLon ln yield on a
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plot basls in a multipl-e regression analysis. Factor analysis
yielded compllmentary information, allowing the author to con-
cLude that plant breeders shouLd sel-ect for increased head.s

per plant, increased kernel-s per plant and increased 1o0o

kernel welght to increase yield.
Tn L972 lr'lalton reported on a simirar study in which it

was found that r,aD and yiel_d eomponents were the most impor-
tant components d.etermining yield on a plot basis.

d syme (]g?2) in a study where curtivars grown as singr-et/\
potted p3-ants in a greenhou"l;1" used to predict field mean

yield performance found thatQI/i days from sowing to emergenee

of reaf seven and 100 grain weight accounted for ?B.S% of the
variation in curtivar mean yieJ.d. He suggested the use of
muLtipre regression of these variables on other cultivars
groyún under the same singre prant conditions to predict
their reLative yields.

-:4 Nass (J:g?Ð studied twenty-two euLtivars of spring wheat

by sampling in yÍeld plots and, found that ears per plant,
yield per ear *dtij# consldered together shourd be an effec-
tive means of selecting for increased yield.

_'""' " '' '- "l:'

1""þishe" (Lg?il àutlined the future rore of physiorogy in\ --:- -.. ,'....-,,. ...-
wheat breediñg, He pointed out that physiology has worked in
rice where decreases ln height, increases ini.Ïr\and develop-
ment of uprLght leaves has led to substantiarly increased
yields. Fisher bel-ieves that grain yierd in cereals grown

under optirmrm conditions is sirutrltaneousry limited by both

si¡k and. sourcec For Mexican cultivars the best relationships
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with yieì.d were for Hr, height, graf.ns per square metre and

total DM for semi-dwarfs. He concLuded that the f\¡ture for
physiologists is to identify physiological selection criteria
for yield. potential and, to combine these into a single selec-
tion index. Physiologists must aLso exploit the physiological
complementation eoncept, crossing parents with excess sink
capacity to those with excess source capacity.

-'-1.....----/f,o'iald and Hamblin--(î97ö-"i-n an exeelLent review of(-**"-----*""-- 
-,-----^- ,"'""""'

biologicaL yierd and Hr of cereals as agronomic and plant
breeding criteria stated.

'Ehe Laek of interest by plant breeders
and many agronomists in bioLogical yields
has seriousLy_limited the understanäingof cereal performance and biot¡pe behaiiour.,'

High Hr in a crop will be aehieved. with many ears, each with
a high yierd of grain relative to short light stems and few

short narrow leaves per stem. Grain yield, however, depends

not onry on the Hr but equally on the biologicar yield per
-.'11Ã-,

un'ii.t area. (lq:+s negatively correLated. with arl vegetative

p_1*t parts ï;ilt;tt"'Ë;J.äJ i;;ä d; ?Ë;_.s¡!r, ;;isht
whire it is positivel$. correlated with grain ytetã.' Hr is--
also negativeJ.y correlated with biological yierd, however

attempts must be made to combine high HI wÍth high biologleal
yield varieties to increase yie1d.

Er¡ans and. Inlardraw (tgZs) reported. on the comparative

aspects of grain yield in cerears. They feel that there is
simul-tar¡eous source and sink capacity limitation in cereals
and that fi¡rther adr¡ancement in yield wiLr depend on more
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control over the agriculturaL environment so that more

reserves of potential yield can be mobilized into actual
grain yield. In other words, it is the correlative and

feedback mechanisms operating within the cereals that require
modification to permlt advances in yield as much as the

tos¡atJretic and storage systems.*\\ ./

l nftatt \(fgZe ) studiea/nt in several wheat cut-tivars find-
\ I' L__- -

f"\"Se"í"riabltity and high heritabil.ity wlth predominately

additive gene action. rt is concluded that yield improvement

Iy___::l-çS__t^i9.l__for high Hf in ear.ly generations is a good pos-

/', ,:

pho

4
1àg

in Iowa. .-.,
| -r'-' 

-'

C ,-Fisher and Kertea'."'!L9?6) found that$Ì on spaced plants
\ r''' i

oÜ0 _Igf-o-"?-v-g-o:: S"p- "1*-s -w.-h 
e.at . 1 j-n e s wa s su f f i c i ent I y c o r-

reLated with large plot yield (.'56x) tfrat it eould be recom-

mended as an early generation s"iection criteria for large
pJ.ot yíe1d over other parametêrs¡

okolo (L9?7) took the final step in the evolutLon of

the HI criteria eoncept and, tested HI of F, plants as a
: yieJ.d potential estLmator i.n common wheat. For four crosses

ofspringwheatwt-"c.o^rne"leJi,9.Jr-s-."'-b".e""tHe.eR-,Hr.,.-o-f.,,.'..''-.

S\9-9-*9.9--t"9i*Ta,pJ.e-r"ttç=9nÈ*eåÏh-e.;*Pg""o.-{,"fu .

RosieLle 
"rralr"" 

y,!(tg?6) studied the contribution of
\ ..nt r\vegetative grolyth ìãd; "n{nr to grain yield in oats r corr-

cluding that the magnltude of vegetative growth is the major

limiting faetor Ín grain yielding capacity of oat cultir¡ars

occurred.

bulk yields
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rn sumrnarizing the literature review it can be seen

that there has been an evolution of ideas from ylerd com-

ponents to growth analysis to photosynthetie consld,erations
to early generation selection for yield to attempts to find
yield sel-ection eriterÍa whieh has culminated in the er¡alua-
tion of Hr in a breeding program as a yieLd potential esti-
mator for F, spaced plants.

. -/-'
I ff¡e logical- extension of this trend is to evaluate ast-

many Fa spaced plant parameters as it is praetical to measure

and determine whether any of these parameterå arone or in
combination wil]- serve as useful yieJ.d potential seLection
criteria, and, to perform a sinilar anaJ.yses on F, fanilíes.

L--#-'
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3. IIATERIAI,S AND I\rErltoDS

3.1_ Description of Cultívars

Four common wheat (Triticum aegtivum L. ) cultivars,
Glenlea, Neepawa, Era and,llB JZo were used in this stud.y.

The origin and pedigree of these culti-vars ís given in Table l.

TABIE -1. Origin and pecligree of cultivars
Cultivar 0rigin Pedigree

Glen1ea
Neepawa

Era

U. Manltoba
Agr, Canada
Vtrinnipeg
Canacla

u.s.D.A.
I'{innesota
U. S.A .

NB 320 Agr, Canada Tobari 66/nonany
Swift Curuent
Canada

(1) Pedigree v¡ritten accord.ing to Purdy et al.( 1968I(e) _cg 100 is a l,4exican strain having the cultivars
Sonora 6&, Tezanos Pintos Precoz and lrlainari 6O in its
pedi¿1ree 

"(3) Includes in_its pecligree Frontana, Thatcher, l,tida,
Kenya 1174, Kenya 58, Lee, Newthatch and a pol_k sib,

'Ci"ni"r-iis a tatl- hard red spring utility wheat with a

high yield rel-ative to other Canadian grown varietiesr(Evans
et al. 1972),

..":''.. .','' .....-'\
,.'Ileepawa is a tall hard red spríng lvheat of the lov¡

--T:1-":%yield, high quality Thatcher type, (Campbell I9?O).
.,.. _" _ì' ' .."..

i'' Era,.is a two gene s.p.r_ni.-dyrarf hard red spring wheat with
yield and ç1uaIit¡r interntecliate between l{eepavra and Glenlea,

( Thatche r lx /Frontana) /
(Thatche r 6x"/Kenya rarmer) //
( Thatche r 2+t /Frontana-Thatcher )

I I- 55-10 / 4./P.enbina /rr- 52-329 / 3/ Tr- 53-3V, ^,III-58-& //tt- Sl- 5t+6 \ ) )

Pembina ?+t/vage//Cn 100
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(Heiner et al. 19?1).
-'-*tî,\

-i l{ll )2o iís a two gene semi'-dwarf hard recl. spring utility
wheat with yields approaching G1enlear(Hurd, L9?5).

. An agronomic descrlption of spaced plants of the four
eultivars for yíeId, productivity, harvest index, leaf area

duration and grain to leaf ratio is given in Table Z.

ÎABLE 2. Agronomie description of space planted. prants of
the cultivars.

Grai.n

¡' Produe-,,i Hanrest Area LeafCultivar Yield \,.. tivÍty \... Indexs '-. -s- '' /,
Duration Ratio
cm¿ days mg/dm¿ d.ays

Glenlea 74+14 2?l+35 33Ð ?3b!+!LLOB 1Oa3

Neepawa J6rlo 1.66+19 1.3!J 511-rt6o$ 11lz
Era 58+11 rt+17.22 38t6 4?L?!?45 r2!2
NB 320 ? 5116 2Lr2.24 36!6 6BB?y645 1l-+2

Three crosses were made that involved Glenlea as a common

female parent wlth Neepawa, Era and NB )20 ae nalo, parents.

rhey were representative of the types of erosses currentry :,

being used in the u. of M. spring wheat breedíng program to
develop high yietding bread wheat and utility wheat advanced

lines. Thus the use of physiological estimators of yíeld. was

tested in an aetual breeding program situation.

3.2 Field and Laboratorv Methods

An outline of the generation and year sequenee used for
each eross is shown in Figure 1.
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each cross
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of the generation and y""" sequence for

L976 2OO F2 spaced plants per cross plus 6j spaced plants
of eaóh parentaL cultivar were grown at hllrvripeg

L976-?7 2oO F-1 bulks (50 random seeds per bulk) per cross
pJ-us ádequate parental. materials were grown at Cuidad
Obregon, Mexico

Year

L977 J'zO Fr, bulks per cross pLus 6 Glenlea cheeks plus l+

male flarent cirecks were grown at lrlinnipeg

Two hundred F, single plants per cross a¡rd sixty-five
single plants of each parent were grown o" l. ìi rrl" experi-

mentaÌ land at Vüinnipeg in the summer of J-976 ín rows 100 cm

apart with 60 cm inter-plant spacing within the rows. During

the growing season and at harvest, several single plant

characters were measured or estimated. These are outLined

in Figure 2.

the F, popul.ations were divided into 2 groups, the first
group receiving preferential treatment to ensure growth it, "
near stress-free field environment (including pre-germination

and hardening indoors followed by biweekly watering and. fas-

tidious weed eontrol in the field) and the second group being

handled in the standard fashion (direct seeded in the fLeld'

minirnal weed controlr ro watering). The purpose being to see

tf F2 populations should. be grown under stress-free or norrnal

conditions to improve the probabllity of identifying high

yÍelding Lines from F, plants.

The eharacteristics measured on F, plants cover the five

major areas of research into scientific pJ.ant breed.ing, these
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Figure 2. CharacterLstLes measured on F, spaced plants

Parameter Abbrevlatlon

1) Tleld per plant
2') Productivlty per plant
3l Leaf area duration per plant
4) Ifarvest Index
5) Grain to leaf ratio
6) Height
?) Kernel number per plant
8) Peduncle length
9) Days to anthesis

10) Days anthesis to maturity
11) Days in growing season
Lzl- Visual yieLd estimate, selector
L3) Vlsual yleld estimate, selector
14) Visual yield estimate, seÌector
L5) Vlsual yield estimate, seleetor
16) Visual yield estirnate, seleetor
1?) 1000 kernel weight
18) Tll1er number per plant
19) Splkelet number per tiller
20) KerneL number per tilì.er
2L) Yleld per tiller
22) Productlvity per tlller
zil Leaf area duratl-on per tlller
24') Flag Leaf area per tiller
25) MaxLmum leaf area per tLller

one

two
three
four
five

FzY

FzP
FzT,AD

F2Hr
FeG

F2HT

F2KN

FzPD LN

FzDà A
FzDAà M

F2DGS

F'VYE 1

FZVTE z
F2VTT 3
FzVY.E 4
FzVYT 5
FzMI( rùr

F2TN

12sN/r
F2KN/Î
FzY/r
FzP/r
F¿NDft
FzrÏa/r
FzMAX rA/T

beine (t) yteld eomponents (1?, (I8), and (2o), {i1) growth
arralysls (3), (5r, and (23), (tii) morphology and. agronon¡r in
relation to photos¡mthesJ.s (6)' (?), (8), (f9), Q,+1, and (25),
(tv) early generatlon selection for yield (1) and (21), and
(v) yield selection críterla (2), (t+) ' (9), (10), (11) ' and
(22).
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As a control, five selectors were asked to visually rate
the F, populations for yield potentíal (tZ), (13), (f+) , (t5¡
and (16).

A definition of each of the F, pa{ameters studied is as

foLlows;

Yield per p]-ant r total- grain dry weight measured. on materiaL

dried to eonstant weight at JOoC.

Productivity per plant: total above ground. dry weight

measured on material dried to eon-

stant weight at 30oC.

r,eaf area duration per pl-ant: determined from nondestruc-

tive biweekly measurements of
leaf area using a leaf area

scal-e devised by Owen (fgeA)

plus stem, sheath and. ear \^

areas calculated as cylinder
surfaces for the main tlller
multiplied by tiLler number

"Td tirne integrated from

anthesis to rnaturity. Amount

of photos¡mtheticaLly aetive

naterial was visually deter-
nined by green coloration'at
each measurement.

Harvest index¡ Obtained by dividing yield per plant by pro-
ductivity per plant and mr¡ltiplying by 100.



l+1

Grain to leaf ratio¡ obtained by dividing yieLd per plant by

leaf area duration per plant.
Height: measured three weeks after anthesis, the measurement

being made from ground level to the tip of the main

tiller exclud.lng âwlsr

KerneL number per plantr a count of alL kernels produced by

a plant measured with an electronic

seed counter.

PeduncLe length¡ measured three weeks after anthesis, taken

as the distanee from the flag leaf node to
the base of the ear orr the matn cuIE.

Davs to anthesis' 
l:ï:"î:.the 

time in days from sowins to

Days anthesis to maturity; taken as the time in days from

anthesis to visualJ.y assessed

maturity.

Days in growing season! taken as the time in days from

sowing to visually assessed maturity.

Visual yield estimates ¡ a visual assessment of a single

plantrs yield potentlal expressed.

on a scale of I to J with I low

yielding and 5 hish yielding with

3 equal to the eheek variety yÍeld.
tO00 kernel weight: determined by dividíng yield per pLant

by kernel number per plant and rmJ-tiply-

ing by 1000

Tiller number per plantr taken as the number of fertile
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til-lers on the plant measured. one

week before maturity.
spikelet number per tiller¡ taken on the main ti.rrer ear

three weeks after anthesis.
Kernel- number per tiL1er¡ . determined by dividing kernel number

per plant by tiller number per plant.
Yleld per tilterr determined by dividing yíerd per pLant by

tiller number per p1-ant,

Productivity per till-er¿ determined by dividing productivity
per plant by tiller nurnber per plant.

Leaf area duration per tÍllerr determined from nondestn¡ctive

biweekly measurements of l-eaf

area plus stem, sheath and, ear

areas and time integrated fron
anthesis to rnaturity on the

main tiller.
Flag leaf area per tiller¡ taken as the area of the flag leaf

of the main tiller measured wlth a

nondestn¡eti.ve leaf area scal,e at
anthesis.

Maxinum leaf area per tiller¡ deterrnined from nondestnrctive

area, stem,

on the rnain

J.2.I F. Nursery

the F, generation was handled in two ways.

measurement of leaf
sheath and ear area

tiller at anthesis,
'ãe-ûNtv€,ìÐ

ôF iruti.ifiiÌ,nÅ
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a random sample of 50 seed.s from every F, plant was sent to
Cuidad Obregon, IUexico in the winter of 19?6-ll and planted

in I rn short rows to generate F4 bulk seed. for testing in
üIinnipeg in the sunmer of I9??. In the second, one 3 row by

3 m plot of each F, line represented in the {4 yield triars
was grown in the "rrá*"" of r9?? with replieated rand.om inside
row samples taken for the dete¡mination of the parameters

listed ín Figure 3.

Figure 3. characteristics measured on F, inside row samples

Parameter Abbreviation
26) F3

27) F3

28) F3

29) F3

30) F3

31) 13

32) F3

33) F3

3t+) F3

F3Y

F3P

F3Hr
FfAo
'F3*
FâHT

rlm/"am
F3wa/r
F3lL{x ra/r

Yíe1d
Productivity
Harvest Ind.ex
Leaf Area D¡ration
Grain to Leaf Ratio
Height
TiLler number per $rn sample
FIag Leaf Area per tiller
Maximum L,eaf Area per tiller

A defínition of each of the F, parameters studíed is as

follows ¡

YieLds mean of two random ten tilLer samples, total grain dry
weight measured. on material- dried to eonstant weight

at 3ooc.,

ProductÍvityr mean of two random ten tilrer sampLes, total-
dry weight measured on materiaL dried to Gorl-

sta¡rt weight at 30oC;

Harvest index¡ obtai¡¡ed by dividing yield by productivity and
;.:. :l:trt:: ::.. ....'.'
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multiplying by 1OO.

Leaî area duration: determined as a mean of four random

till"ers from nondestructive biweekly

measurements of leaf area using a leaf
area seale, plus stem, sheath and. ear
areas time integrated. from anthesis to
maturíty.

Grain to leaf ratio¡ obtained by dividing mean yíeld by mean

leaf area duration.
Height: measured three weeks after anthesis, the measurement

being made on a typical tiller in the plot from ground

level to the tip of the chosen tiller.
TiLler number per å m sample I a count of the number of tillers

ínaåminsiderowrandom
sample.

Flag leaf area per tiller: determined as a nean of four random

flag l-eaves (same as for I,AD)

measured. using a leaf area seale.
Maximum leaf area per tiller: determined. as a nean of four

random tillers (same as for IÂD)

measured at anthesis for leaf area

plus stem, sheath and ear areas.

3.2.2 FU Nursery

The

used as a

cross (l+5

F4 Eeneration ( from F3 bulks gloÌrn in l{exico ) was

yield trial- generation. rzo Fu bulks from each

from stress-free grown Fr's and lJ from normal.ry
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grown FZ'") were grown in a 6 replieate, partially balaneed

lattice ciesigrr at lfinniþeg with plots 3 rov¡ X J rnetres with
L5 cm row spacing in plots and 60 em spacing between pIots.
The entire plot was harvested using a Hege 12J mobile pl-ot

combíne. The seed was dried to constant weight and then

weighed, yield being expressed in g per plot. The F4 Vield
is hereafter abbreviated as FþY.

a.? Statistical Methods

Simple and multiple eorrelation analVses ra? used to
investigate the relationship of F, parameters with them-

selves and with F4 bulk yield and to investigate the rel-ation-
ship- of T: parameters with themselves and with Fru bulk yield,
Steel and Torrie (f960).

As we1I, a stepwise multiple regression analysis was

used to investigate the relationship of F, parameters to F4

bulk mean yield and F, parameters to F4 bulk mean yieId"

This teehnique allows the regressing in an exploratory manner

the independent variable on the dependent variable (nU tuft
mean yield) " Taking various independent variables into a

single regression equatio.r, the statistical teehnique míni-

mizes the.amount of unexplained residual varianee in the

dependent variable, thus generating predictions of FU bulk

mean yields v¿hieh can be compared with actual F4 bulk mean

yields to determine hov¡ effieient the parameters seleeted

are in predictin¿¡ yiel-d potential, Draper and Smith (f960).

The F4 yield data were analyzed as a 6 replieate
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partiaLLy balanced lattice design analysis of variarrGêo

Coefflcients of variation were determined for each cross.

Approprl-ate adjusted mean bulk yÍe1ds were calculated for
each F4 bulk tested and. these adjusted means were used in
the preceedi.ng statistical analyses, Cochran and Cox (L957).
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I+. RESULTS AND DIscUssrON

4.L HandLíng of Fr's

Since the F, populations from each eross were grown

under two different regimes (stress-free and normal field
conditions) to see if the handl-ing of the Fa has any effect
on the abllity to select promising F, genot¡[res, it is
necessary to show that growth was significântLy different
in the two regimes (growth measured in terms of yield and

productivity) lable 3.

TABT,E 3. Differences in Fo populations from stress-freefield environment and fioÍrnáI fieLd environment.

Stress-free NormaL P(Îs.f.= 4r)
Glenlea X Neepawa

Yield qB.0 ! 16.5 lt6.j + lB. ? ¿,.oIProductivity L67.7 1 3l+.5 I3?.7 T t+L.6 Z.OL

GlenÌea X Era
Yield ?2.9 + ZI+.L 56.8 I 19.4 ¿,.O1Productivity 178.2, ! 1t3.4 L46.2 1 I+3.O ã"Ol

Glenlea X NB 320
YieLd ??.? + 24.2 59.8 + 23.9 ¿.olProductivity L6t+.t+ + 69.8 l-5l."Z I 52.3 

'>.1field and Produetivity expressèd in g per plant

As can be seen from Tabre 3, the prants grown in a stress-
free fierd environment were slgnificantry rarger and. gave sig-
nificantry higher yields than prants grown in normal fierd
conditions.ThereforetheF.popu1ationsaresignificantl.y
different aqal any difference in the ability to predict high ,,,,_,,_::",, .

' ' ' '" 'i':':ii'ì':'f
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yielding F4 buLks from the FZ'" wilL be reaL and valLd.

4.2 CharacterizatLon of Frr F"r and. F4 Populatlons

Because of the eopious amounts of data collected in the

F, and F, for each cross, it f.s possible to present here only
the means and standard deviations for the parametera measured

in these generatlons. As well-, the F4 bulk mean yields are

presented in Tabres 4 through 9 for intereross comparative

purposes.

It is noted that the Glen1ea X Neepawa cross was the

Lowest yieì-ding in F, in both stress-free and normal field
environments whire it was the htrghest yielding cross Ín F4

(as a mean of all bulks tested). Even though the GlenLea X

Neepawa popurations had the hÍghest mean ylelds in F4r they
had the smallest standard. deviations of the mean and. the few-

est high yielding burks in F4 with onJ-y a smaLL number of F4

bulks significantly outyielding the check. The other two

crosses, in contrast, had Lower nean yields in F4 but much

larger standard deviatÍons from the mean with nany F4 bulks

exceeding the check in yield.
Sinee alL of the following anaÌyses rely on conparisons

with F4 Vield trial resuLts, the results of the F4 Vteld
trials are presented at this time.

The complete analys.is of 'r¡ariance for each F4 population

of the three erosses are presented. in appendix Tab1es 1 and 2

and the appropriate adjusted mean yields for each F4 bulk of
the six F4 populations are presented in appendix Tab1es 3



49

through B.

The coeffÍcients of variation for the F4 vield trials
ranged from l-0.??6 to 12.6% wítl. r,.s.D.'s ranging from roJ.z g

to rz9.5 g. rn all cases varíety effects (oifferenees among

F4 bulks) were sigreificant at the O.Ifo level-, therefore indi-
cating that there were highly significant differences in yield
among the F4 bulks tested in each population. using the infor-
mation presented in Tables 1 through B of the append.íx, it is
possible to determine the number of bulks significantly higher
yielding than the mean in each F4 population. This determina-
tion indicates that Glenlea x Neepawa stress-free had two,

Glenlea x Era stress-free had eight, Glenlea x NB 3zo stress-
free had eight, Glenlea x Neepawa normal had six, Glenlea x
Era normal had sixteen and Glenlea x NB JZo normal had seven-

teen Fu bulks significantry higher yielding than their respec-

tive population rneans.

A statistician would no doubt use the foregoing signifi-
cant high yÍelding bulks to provide values upon which F, and

t3 comparisons wourd be drawn, however a plant breeder would

use a different approach. The plant breeder would first âscer-
tain the mean yierd of his high yielding check variety (in
this case Glenlea with a mean yield of 10oo g), and. then con-

sider all F4 burks which equalred or exceeded this figure as

being high yielding and draw comparisons on these. This

latter approach was used in this projeet to simulate a breed-
ing program as closely as possible, however in this partieular
case it makes litt1e difference whieh of the two methods is
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TABLE 4. CharacterizatLon of_F2 Fq and F4 €çenerations of
Gl-enlea X Neepawa Stress-Frãe )

VariabLe
Number

Variable
Name Mean

Standard
Deviation

F2 1)
2)
3)
4)
5)
6)
7)
B)

e)
10)
tl)
].2)
13)
14)
t5)
16)
17)
18)
t_9)

20)
2L)
22)
23)
24)
25)

F3 26)
27)
28)
29)

30)
31)
3?)
33)
3tt)

F,n 35)

FzY

FzP

F2 I,AD

F2 HI
FzG
F2 HT

F2 KN

F2 PD.IN
F, D+A
F2 DAàM
F2 DcS

F2 vYE I
F2 VXt 2

F2 VYE 3
F2 vYE 4
F2 vYE 5
FZ I\ÍK !'¡[
F2 TN

F2 SN/r
F2 KN/r
F2 t/r
Fz Pft
î2 rAÐÆ
F2 nn/r
F2 MAX t¡/t
F3Y
F3P
F3 Hr
F3 TADft
F3G
F3m
r^ rw./*n)
F3 FIa/r
F3 MAx U/r
F4Y

68"0
L6?.?

L7Bo36. 5
t+O.7

39.8
87 "6

L?La.2
Zl+.L
I+t+;3

6,0.?
105.0

2"6
2.3
2"L
215
1.4

39.8
3+.5
L4" 5

50.7
2;O
l+|9

27.1+

L72.7
11.9
28.3
l+2.o

I+999.1+

23.9
Ìo1.,9

I+o.6

30.6
20? "8
904.6

5Lt+5.5 t^2 days

g
îttt

"r2 d"y"
/,
ne/ana days
cm

kerneLs
cm

days
days
days

Et5

tillers
spikelets
kernels
g

I
2

cm
2

cm

g
g

/"

"ra d*y"
ne/dnz days
cm

tillers
t^2

2
cm

g

t6"5
3t+.5

43too.1
6"s

10.9
5.2

397.7
2.6
2.6
3"3
2.7
0.6
o.?
o16
o.7
0.6
3.8
?,2
1.6

11.1
o.5
0.9

532"9
3.7

17.B
2'2
l+.1+

5"6
t+93.j

4.5
l+19

10.9
4.o

u+.7
72"L



TABLE 5. Characterization of
Gl-enlea X Era Stress-Free

5L

F, and F4 generations ofF2'

Variable Variable
Number Name Mean

Standard
Deviation

F2 1)
2')

3)
lr)

5)
6)
?')
8)
e)

10)
11)
L2)
13)
14)
15)
16)
L?)
18)
19)
20)
2r)
22)
23)
2t+)

25)
F3 26)

27)
28)
29)
30)
31)
32)
33)
34)

F,n 35)

FzY

FeP

F2 IÂD
F2 Hr
FeG
F2 HT

F2 KN

F2 PD LN

F2 DtA
F2 DA) tJr

F2DcS
F2 VTE I
F2 VYn 2
F2 vl:E 3
F2 VYT 4
F2 VrE 5
FZ MK lÂtT

F2 TN

F2 SN/r
F2 KN/r
F2 y/r
F2 P/r
F? t tD/T
F2 Fra/r
F2 MAX TA/T
F3Y
F3P
F3 Hr
F 3 taD/r
F3c
F3 HT

F, rN,/åm

F3 ELA/T

F3 MAK TA/r
F4Y

79.9
L?8.2

L57BB4.L
l+4.6

5L.5
83"2

2L3L.O

2L.O
45 '2
60.l+

105.8
3'o
r.g
2.3
2.4
1.8

37.8
32.7
L5.6
65.t
2.Il
5.5

t+?95.9

26.2
t60"9
lll.9
32.9
I+5.8

5LOL"2

30.2
gB.6
l+o.2

31.8
2O2, 5

900.3

g

g

" 
2 days

16

ng/anz days
cm

kernels
cm

days
days
days

I
ti]-]-ers
splkelets
kernels
g

g
,

cm'days
2

em
2

cm

g

g

/"
o

cmo days
ng/amz days
cm

tillers
2

cm
2

cm

g

24.2
l+3,Lt'

43841.8
6.3

L2.4
?'4

6t9.6
6L9.6

2.5
4.0
3"3
o.5
0"6
o.6
o.g
O.?
4.6
6.?
L.5

L5.3
0"6
1"2

701"8
1,, B

2L.L
3"8
5.3
8.9

908.9
9.3
7.5

LL"2
l+.?

22.I
r40.4
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TABT,E 6. characterlzation of Fz, Fj and F4 generations of
Glenlea X NB J2O Stress-Freê )

Variable
Number

Variabl-e
Nane Mean

Standard
Devíation

Fz 1)
2)

3)
t+)

5)
6)

7)
B)

e)
10)
11)
].2)
13)
14)
15)
16)
t7)
18)
L9)
20)
2t)
22)
23)
zr+)

25')

F3 26)
2?)
28)
291

30)
3r)
32)
33)
34)

F,n 3s

FzY

FzP

F2 IAD
F2 HI
FeG

F2 Hr
F2 KN

F2 PD LN

F2 D+A
F2 DA) M

F2 DcS

F2 VYE 1
F2 VYB 2
F2 vYE 3
F2 V):E ¿l

F2 VTE 5
FZ It{K' tìlT

F2 TN

F2 SN/r
F2 KN/r
F2 Y/r
F2 P/r
F2 t tD/T
F 2 W"e'/T

F2 MAX tA/T
F3Y
Fj"
F3 Hr
F3 taD/r
F3c
F3 Hr
r, m/åm
F3 FrA/r
F3 MAX TA/r
F4Y

3t+.3
69 "B

65L63.2
6"2

14.0
B.g

806 "2
l+.2

5,8
6.5
3.9
o.6
0.8
0.9
1.0
O.?

5.5
9'6
1.8

15" o
o"6
r"2

833.9
3.8

22.2

3.0
5.2
6.9

7? 5.8
?"8

Lo.5
6.9
5.2

26.7
115.8

?3.9 e
]..6t+.t+ g

Ltþ?g}o"5 cmz days
t+4.7 y'"

r+g.5 ne/an? days

79.9 cm

1830.7 kernels
19.0 cm

47.8 days

57.6 days
105.J days

3.0
2.1
2"3
Zrl+

1"9
l+o"Z g
27.9 tillers
15.8 spikeJ.ets
63.9 kernels
2"6 g
5.8 I

5L5g,L "*2 d"y"
24'.I . 2

L?z.o 
"^2l?.6 g

39.9 s
t*U.z%

53BL.g . 2 d.ays

33.t+ ns/an? days
].:02.9 cm

35.O til-Iers
3I.8 t^2

225.? .*2
874.2 g



TABLE 7" Characterization of F'
GLenl-ea X Neepawa Normal c'
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F, and F4 generations of

Variable Variable
Number Name Mean

Standard
Deviation

Fz L)
2)
3)
l+)

5)
6)
?)
B)

e)
10)
11)
12)
13)
14)
t5)
r.6 )

L7)
18)
19)
20)
2t)
22)
23]
2t+)

25)
F3 26)

27)
28)
29)
30)
31)
32)
33)
3tt)

F4 35)

IAD
HT

G

HT

KN

PD LN

D+A
DA+ TJI

DGS

VYE 1
vïT 2

vrE 3
vlE 4
vYE 5
MI( WT

TN

sN/r
KN/r
Yß
P/T
wn/r
FtA/r
MAX rAlr
Y

P

HI
r,/.D/r
G

HT

rN/åm
FIA/T
MAX tAlT
Y

88.8
1253.2

22.7
58.9
t+3.6

LOz.6
2.9
1"9
2.r
2.3
1,.4

35"6
23.r
L6.2
54.?
1.9
5.9

6496.8

33.3
2O2.7
L2.6
30 "g
t+o.9

1t778.0

27 -4
IO5.1

t+O.3

32.l
209.9
gog.g

em

kernels
cm

days
days
days

g

tillers
spikelets
kernels
g

g

"r2 d"y"
2

cm
2

cm

g
g

% ,
cm- days
ne/an? days
em

tillers
2

cm
2

cm

g

FzY

FzP

t+6.3 e
t3?.8 e

18. ?
l+1"6

63526.2

7.8
9.4

11.8
489.9

3.9
7.2
6.3

]..2.2
0.6
O.?
o.7
o.g
O.?

7.3
7.3
2"3

l.5"9
0"6
1.1

L239.5
5"5

29.3
2.31
I+. B

4.9
760.6

6.9
5.1+

11. ?
4.6

L9..2

81.5

Ér'2
'tî-2
11'2
Fz
Er'2
Fz
El'z
F'2
F2
E¡'2
F2
Er'2
Er'2
t¡'2
F'2
Er'2
Er'2
F2
F'2
F'2
F'2
Ft?

F'2
F3
F'3
F3
F'3
1Ð'3
F3

F3

F3
F'3
F4

Lssglj..g 
"^2 

days

33.t+ %

3o.g ^s/d^z days



TABLE B. Characterization
Glenlea X Era Normal
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of F' F3 and F4 generatlons of

VariabLe Variable
Number Name Mean

Standard
Deviatíon

F2 1)
2)

3')
r+)

5)
6)

7)
8)
e)

10)
11)
].2)
L3)
lt¿)
15)
16)
1?)
18)
L9)
20)
2L)
22)
23)
zt+)

25)

ry 26)
27)
28)
29)

30)
31)
32)
33)
3t+)

F4 35)

FeY

FzP

F2 I,AD

F2 HI
FeG
F2 HT

F2 KN

F2 PD LN

F2 Ð+A
F2 DA> M

F2 DcS

F2 VYE 1
F2 VrE 2
F2 vtT 3
F2 VIE &

F2 VT3 5
FZ MI( IlIf
F2 TN

F2 SN/T

F2 KN/T
F2 Y/r
F2 PIT
F2 taD/T
F2 FTa/r
F2 MAX U/r
F3Y
F3P
F3 Hr
F3 rADlr
13c
F3 HT

F, rN/åm
F3 Er^å/T

F3 MAx rAft
F4Y

56.9
tI6.,3

L5l,285.L

38.6
39.5
Bt¡..2

17O8.1+

19.8
62"5
ltlt.8

ro7.3
2.9
r.g
2.L
2r'9
2.2

33.7
22..5

u.8
?7 .5
2"6
6.7

666L.3

35.3
209..L

L5.3
33.9
t+5.7

tr987 
"9

3L.5
101"8
zB"j
33.?

2o5'L
g?2.2

I
a

"r2 d"y"
/,
ng/anz days
cm

kernels
cm

days
days
days

1'tt

tillers
spikeLets
kernels
I
g ,
cmo days

"2c
cm'
çrtt

g

1l

"*2 d"y"
ng/anz d,ays

cm

tlllers
2

cm
2

cm

atf

]-9.ll
lþ3.o

56080.5
5.3
9.6
7.9

533.9
4.1
3.4
3.8
3.O
o.5
o.6
006
0.9
0.8
5;3
6.9
1. tr

18.5
0.6
r.6

1084.2
5.5

26.3
2.3
5'l+
5.7

813.4
6.9
9"2
6"2
4.r

22.7
131.0



TABLE 9. Characterization of
Glenlea X NB 320 NormaÌ
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F4 Eenerations ofFz, F, and

Variable Variable
Nunber Name Mean

Standard
Ðeviation

Fz 1)
2)
3)
t+)

5)
6)

?)
B)

e)
10)
lL)
L2)
13)
14)
t5)
16)
L7l
18)
t9)
20)
2r)
22)
23)
2r+)

25)
F3 26)

27)
28)
?9)
30)
31)
32)
33)
3I+)

F,n 35)

FzY

FzP
F2 IAD
F2 Hf.

FzG
F2 HT

F2 KN

F2 PD LN

F2 DtA
F2 DAt r{
¡'2 DGS

F2 VTE I
F2 VXZ Z
F2 VYE 3
F2 VYE I,

F2r/.yB 5
F2 Mr( Wr

F2 TN

F2 sNÆ
F2 KN/T
F2 Y/r
F2 P/r
F? taD/r
F 2 Ft,/./r
F2 rdAx U/t
F3Y
F3P
F3 Hr
F3 raD/r
F3*
F3 Hr
r, rx/årn
F3 wa/r
F3 MAx u/r
F4Y

59.8
l5r "z

l.86892.o

38.9
33.7
83 "9

1687.7
20.r
60.9
45.r

106. l
3.1
1.9
2.2
2.8
?.2

35.?
26 "l
18.4
65.3
2.3
5.9

7OI2 "7
3t+" 5

2L2.7
L6.g
38,6
t+3.9

5"57 "7
33.O
99.9
24"9

3r.5
2L5"9
856,3

g
t
t>

"r2 d"y"
/'
ng/anz days
cm

kernels
cm

days
days
days

g

till,ers
spikelets
kernels
ob

g

"r2 d"y"
.^2
.^2
tb

ot>

/" ,
cm'days
ng/anz d,ays

cm

til-Lers
2

em
2

cm

g

?)"9
52.2

80331.1
7.L
9.2
8.2

665.t+

3.9
2"6
tl.9
lþ.1+

o.6
o.7
o.6
o.g
o.6
6.4
9.1þ

1.5
13" I
0"6
L.2

IL43.3
4.9

2'8.r
2.8
5.3
5.7

893.7
7"3

10.5
6"s
4"9

25.2
il+6.?
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used since the high yielding bulks chosen are identical in
47 out of JZ cases.

4.? Simple Correlation Analysis

A simple correlatíon analysis for F2 F3 and F4 para-
meters in all possible combinations was performed. for each

population of eaeh cross and the results appear in appendix

Tab1es 9 through 14.

For Glenlea x Neepawa stress-free, the significant

€:lp_l" correlations with FU bulk yield weré, ...

a) F2 t'lAx u/r (25)r f = .Jo*x
b) F2 sN/T (19), r - .35*

r--c,)IgHr(ri); " ";_:Jj# -,,

d) F; r,tp/r-t à,1>, r = .3k*
e) Fz rurfiür (t7),
f) F2 Dt A (g),

rt is noted that arl correrations are positive with
Fz IfÍAx ra/r, F?TjÐ/T and FrD)A indicating source rimita-
tion on yield and F2 sN/T plus Fz I\IK Tür indieating sink
limitation on yield in this eross. lhus, for this particular
cross both source and sink eapacíty would have to be j-ncreased

to inerease yield, with the major emphasis being placed on

j-ncreased source capaeity.

rf one were to attempt to use a single F, parameter to
select F, genot¡ryes which give rise to high yielding Fl+ bu1ks,

it would in this ease be IUAx tA/r, Retention of a1r plants
with l,ax r,A/T of r?5.0 

"^2 or greater results in the reten-
tion of 21 out of I+9 br 435¡ plants and J out of 5 of the

r = .31*
¡. = .28rÉ



57

high yielding F4 buì-ks. This success ís achieved only at
'the expense of a low seÌection intensity however.

For F' the single most efficient parameter would be F3

heighto In this cross, retaining all plots with a height of
103 cm or greater results in retention of 22 out of 49 (or
It's%) of the F3 lines and 5 out of 5 of the high yielding F4

bulks. As per usuaI, the ability to retain high yielding
lines is tied to the low selection intensity used.

For Glenlea X Era stress-free, the significant correla-
tions with F4 bulk mean yield were!

a) Fz vYE 3 (rt+.¡,

b) Fz PD LN (B),
c) Fz vYE 4 (r5),

.91 Fz KN/r. (?.-o 
) r

i e) F3 Hr (31),-l) rrxn--ø;
s) Fz vre I (12),

_l) F¡ c (30,)

GIJ¡- ! (?6),
j ) F2 Fr,A/T (24) 

'k) Fe YYE 2 (13).,

(t_.I, Y (1),

1. = .44*x
r = -.1¡1'l*x
1' = .llQxx
r = ,J)xx
r ! -. 39++* .. 

-:)

¡ = "J$xx
r = .)$xx
r = .35{á

r = .)5*
r = .34*
r = .31*
¡. = .30* '.

,__r) F? P (2),
- nf r, {r (er),
o) Fz vYE S (16),
p) Fe G (5),

r
r
r
4

= .30rs'

= 
-:¿g;ii

= .29x
= .29*

You will note that all five seleetors' visual yield

estimates on F, spaced plants were significantly correlated

with F4 bulk mean yield" Clearly if there are differences in

kernel number, tiller number, head type and plant type as

there were in this cross, then visual selection can be
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successful in picking high yielding F, genotypes from the Fz

population. Sel-ectors were consistent in picking large plants

with high yield per plant regardless of height.

Vüith regards to the eorrelations of F, and F, parameters

versus F4 Vield, two are negative, FZ PD LN, r = -.41*x and

F, HTr r = -,39x+., This indicates that in this cross one

should select plants with redueed height to get maximum yield.
However, the most important parameters relatinS to FU

bulk yield were those describing sink capacity with FZ KN/T.,

FZ KN, F3 Y, Fe Y and F, Y/T substantiating this point.
Therefore sink capacity must be increased to increase yie1d,

The best single F, parameter to select F, genot¡4>es

which give rise to high yielding FU bulks was VYE J. In this
cross retaining all plants with a visual yield potential
assessment of 3 or greater results in the retention of 16

out of 49 (or 337'¡ plants and 6 out of 11 (or 55%) of the

high yieldine F4 bulks. Again the success is achieved at
the expense of a low selection intensity.

For F' the best singl-e parameter would be F, height,

In thj.s cross, retaining all plots with a height of 90 cm or
less results in the retention of 10 out of 49 (or 2O/") of the

F, lines and 5 out of l-1 (or t+6/") of the high yielding F4

bulks"

For GlenLea X NB 320 stress-free, the significant cor-

relations with F4 bulk mean yield weres

a) F2 VYE I (12), r = .48**
b) Fz Y/r (2r), r = .tr3xx
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e) FzY (r), r = .l+3xx
¿) F2 KN (7) ' r = .43xx

:)Fz Dà4_pj!_ r =.40**
,-f) FzP (6) r = .I'o**

sl- F; Kl¡r/r 1àü, r = .)lxx
hJ Fz P/T (22), r = .3?**

,-l) F" p:(zZ t---.** -i-: -:jS* "
i ). q sÑ7r---(it):; i=; .ii,z"

(9_t, Hr (:_)t r = .30*
f) F, DA2tvl (10), r = .Jgx
m) F? vtz 2 (13), r = .2)+
n) F3 we/T ß3), r = .2)x
o) Fz TN (18), r = .28+.

p) F2 VrE 3 (1Il)' r = .28f-

Again it is noted that three selectorsr visual yield esti-
mates on F, spaced plants were significantly correlated with

F4 bulk mean yield. As in the GLenlea X Era cross, díffer-
ences in kernel number, tiller number, head type and pJ-ant

type were used by seLectors to successfuì-Iy pick high yield-
ing F, genot¡r¡les from the F, population"

However, the most important parameters relating to FU

bulk yield were those describing sink capacity with FZ Y/T,

Fe Y, FZ KN, FZ KN/T and F, SN/T aII indieating this. Again

sink capacity must be inereased to increase yield.

The best single F, parameter to select F2 genotypes

which give rise to high yielding F4 bulks was VYE 1. In

this eross retaining all pl-ants with .a visual yield potential

rating of 3 or greater resul-ts in the retentj.on of 40 out of

t+9 Gr BZf") plants and 6 out of 7 þr 86/') of the high yield-

ing F4 bulks. It is particularly obvious in this cross that
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suceess at retaining high yielding FU bulks is achieved only
at the expense of a low seÌection intensity when single Fz

parameter like visual selection estimates are used.

For F, the best single parameter to select F3 lines which

give rise to high yieldine F4 bul-ks would be F3 productivity.
Tn this cross, retaining all plots with a 10 tiller produc-

tivity of 42 g or greater results in the retention of I? out

of 49 br 35/,) of the F, plots and 6 out of ? (or 86/") of the

high yieldine F4 bulks. fhu¡E suecess at retaining high yield-
inS F4 bulks is again at the expense of a low selection pres-

sure

For Glenlea X l,Ieepawa normaL, the significant eorrela-
tj-ons wíth F4 mean bulk yield were 3

" ) j, itnx r,A/I (3Q _r f . 
= .hz*x

b)r F, P (2?),
1. = .41rt*'
¡. = .J6**

I. = o 2B+''¡i

i 1 tz'jx-;;;:
r = .2llrr'

Note that as in Glenlea X l'leepawa stress-free, the cor-

relati-ons are all positive and nearly all indicate source

lirnitation on yield in the cross progeny, (f, nnX IA/T, Fj P,

F3 Ftx/T, Fz MAX IA/T, Fz I,AD/T and F, r,^D/T). Many of the

same pãrameters are significantly eorrelated with FU bulk

mean yield in both Glenlea X Neepawa stress-free and Glenlea

X Neepawa normal crosses (for example FZ MAX T'A/T ana

FZ IAD/T) with the leve1s of signifieance being nearly

c) F3run/r (33)'
d) F3 Y (26) 

'
e ) F2 r,nx u/t (?5) 

'
f ) Fz t tD/r (23) ,
*{:j--ryr_ q?1);- 

-h) F3raÐ/r (29)'
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identical in both cases. one eould concÌude from thÍs that
it does not matter how the Frrs are handled j.n relation to
the strength of single parameter simple correlations with
F4 bulk yield.

The best single F, pararneter to seleet F, genotypes was

r'IAx r'A/T, the same as it was for the Glenl-ea x Neepawa stress-
free population. rn this case retaining all plants with a

vJ{x. r'A/T of 210 
"^2 or greater results in the retention of

ZB out of 81 (or 356¡ plants and ? out of ? of the high yieLd-

ing F4 bulks. The selection intensity is again quite low but

did result in the retention of all the high yieldins F4 bulks.

For F, the best single parameter would be F3 MAX tÅ/f,
the same as in F, whieh serves to emphasize the source limita-
tion present in this cross. In this case retaj-ning all plots
with a tll\X TA/T of ZLJ cm? or greater resul-ts in the retention
of 30 out of 81 (or 37f") of the F, nlots and 6 out of ? (or

86/") of the high yierding F4 bulks. This suecess is achieved

at a low selection intensity of 37/r.

For Glenlea X Era normal, tl" sighificant correlations
with F4 mean bulk yield weres

"] 6grt4 :=-:;F:)
b )r:$_It_ !3_ll I _ _ 1 :__:_:?_?lj-:;c) F2 PD LN' r 3 -o7)xx
d)FeG(5), r!-.28r+*
e) F2 IAD (3)' f = -"26x
f) F}t"tD/T (zl) r = -.25*
s) F3 UD/T (29) r = -.24*
h) Fz vYE 5 (re¡ r = .?4*
i) F2 IvrKlì¡T (l?) r = -.lJtt.
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In this ease all- correlations are negative except for
VfE 5, The results in this case are eonsistent with Glenlea

X Era stress-free where it was concluded that sink size must

be increased to increase yie1d. In this case source parameters

are Í-mportant in determining yield (Fe c, FZ IAD, FZleD/T, and

F3 tlD/f) but the eorrelatÍons with F4 bulk yield are negative

indicating that the source capacity is too rarge relative to
the sink eapaeity, or stated in another way, the sink capacity
is too smaII.

The most highly correÌated parameter with FU bulk yield
was height where plants with redueed height gave greater

yield than talLer plants, probably due to a more favourable

balance of sink and source eapacity in the shorter plants.
Sinee the correlation of FU yield with height is nega-

tive, one has to select the short plants (those less than

B0 cm talI) in the F2 populatj-on. Retaining al1 plants with

a height of B0 em or less results in the retention of 2) out

of Bl (or 28/,) plants and 5 out of 1O of the high yielding

F4 bulks. The selection intensity is moderately low here but

only half of the high yielding lines are retained.
The best F, parameter to use would be F, HT. Retaining

all plots with a height of 95 cm or less results ín the

retention of 20 out of 81 (or zJfi) of the F3 plots and 5 out

of 10 of the high yieldine F4 bulks.

For Glenlea X NB 120 normal, the significant correla-
tions with F4 bulk mean yiel-d were s
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a)
b)
c)

FZ-VYE I (LZ), r = .2)*x
F Kr'r (? ) , F = 2Otf ltL aÈ./

P (2),
d) F2 vYE 4 (15), r = .24#.
e) Ie TN (]B)¡ f = .23*
rlgfu_f"Q r_ ,_ r-;*,ziri '",

g) F" r,AD/f (zg), r = .22*t)
Two selectors I visuaL yield estimates were sÍgnificantly

correlated with F4 bulk yie1d. Again, differenees in kernel
number, plant type an<l head type were used by selectors to
successfully pick high yielding F, genotypes from the F, popu-

lation.
However, the most important pararneters are again those

relating to sink capacity (f, fW, FZ TN and F2 HI) with an

increase in sink size required to obtain inereased yietds.
The best single F, parameter to use to select F, geno-

types which gave rise to high yielding FU bulks was VyE I.
Retaining all plants with a visuar yieì-d potential rating of

3 or greater results in the retention of J6 out of 81 plants
(or 6g/,) plants and. 1l out of ti high yielding Fu bulks. The

selection intensity is very low but all high yierding lines
were retained by this selection method..

The F, parameter to be used to identify high yieldíng F4

bulks wouLd be F3 neDÆ in this case. Retaining all plots
with an r,AD per tiller of 55oo "*2 d"y" or greater results
in the retention of lll out of 81 (or t+2%) of the F3 p1-ots and

6 out of 13 (or 4616) of the high yielding F4 buIks. This is
not significantly different from random even though a low

selection intensity was used"
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This then covers all the significant simple eorrelations
between F and F, parameters versus F4 bulk yieì-d. However,

it is important to also look at the simple correlations anong

Ft and F, parameters to see if attempts to inerease sink or
source capacity in the cross progeny are likely to be

hindered by strong negative correlations. 0n1y strong nega-

tive correlations will be discussed since strong positive
correlations are beneficíar and zero correlations imply

independence and so wourd not be detrimental- to the prant
breedi-ng program.

For Glenlea x Neepawa stress-free, the significant nega-

tive comelati-ons among F, and F, parameters were r

a) FZ LAD versus FZ Hf r = -.35*
b) FZ LAD versus Fe G

c) FZ LAD versus FZ KN/T
d) FZ IAD versus FZ y/T
e) FZ LAD versus FZ pft
f) Fe G versus FZ HT

g) Fe D) A versus FZ DA) I'l
h) F2 HI versus FZ TN

i) Fe G versus FZ TN

i) FZ TN versus F2 KN/T
k) FZ TN versus FZ y/f
1) FZ TN versus FZ p/f
m) F j teD/T versus F3 c
n) F3 TN/åm versus Fz KrI/r
o) F3 TN/åm versus Fz Y/T
p) F3 TN/åm versus Fz p/T

ït appears from the above that

whieh will cause the most trouble to

r 3 -¡60xx
1. E -.41*n
r = -./¡Jnlr
r = -"35*
r r -.38**
r ! -.61rsrs
r = -.36*
r 3 -¡51**
¡. = -.I¡$**
l. = -.40rfr$
r = -.1¡l¡**
r = -.35*
¡ = -.1))+
r = -.2,8#.
r = -.21*
F, LAD is the parameter

the plant breeder since
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it has already been ascertained that yield increases in this

cross depend on inereases of source capacityo To increase

source capacity, IAD would have to be increased but at the

same time KN/T, Y/T and P/T would inevitably decline. The

only answer would seem to be to increase tiller number to

increase LAD but a¡çain the breeder would nrn into strong

negative correlations with I{N/T ana Y/T deelining as tiller
number goes up. lhe same trend is tnre in F, where increases

in TNr/åm results from decreased KN/f and. Y/T selections in Fr.

It is obvious that if these negative correlations were perfect

then it would be impossible to breed for increased yield in

the Glenlea X Neepawa stress-free cross. However, the cor-

relations are not perfect and there are exceptions to the

general mles determined from the population. By choosing

these exceptions, yield advancement can be made in this cross.

However any yield advaneement obtained will be minimal and

have involved the expendi.ture of a great deal of ti-rne and

effort because of the size and number of negative correla-

tions present in the progeny of this cross make the breeder's

job difficult.
For Glenlea X Era stress-free, the significant negative

correlations among F, and F, parameters weres

a) Fe G versus Fz I',aD/'t r = -.29x
b) FZ HT versus FZ HI r = -,)l*x
c) FZ HT versus F3 G r = -"28r+
d) F2 PD LN versus FZ D+A r = -,?9*
e) Fz PD lN versus F3 * r = -.31*
f ) FZ Ð+ A versus FZ DAà l,[ r Ë -r 57xx
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g) Fe D) A versus FZ tlK WT r = -.32*
h) F2 I\{K l¡IT versu" FZ tcn/f r = -,32*
i) F2 I\K 1rIT versus F, TN/åm t = -.)J)t
i) F3 HI versus F3 tAD/r = -oJþ*
k) ni nr versus ri rrnx U/r r r -. 3gî,*
1) r\ ren/T versuí F3 G r ! -, JZxx
m) n! r.,r,lx u/r.r"""ré t3 c r 3 -r3B+*

The strong negative correlations in this eross

- sistent and very easy to interpret and are sueh that

are

no

con-

naj or

problem for the plant breeder is likely to arise. The most

noticeable correlations are those beh¡¡een the yield eomponents

where it appears that increases in I\fK WT results in a decrease

in t<flT or decreases in TN/fm. sinee these negative correla-
tions are not very strong, it is likely that the problem of
yield component eompensation can be largely circumvented i-n

this cross. The other correlations of note are between Hr or

G and r,AD. Here it is obvious that the source potential in
this cross ís too large rerative to the sink potential, or as

previously stated, the sink capacity i-s too small to accept

all the available photoslmthate t'n this cross.

For Glenlea X NB 3?;O stress-f,ree, the significant nega-

ti-ve correlations 
1m3"9 jZ_1lg I¡ f_"rameters were:

f

al inr;Lr- ":I"y.s Fz Hr r E -.i¡" -

b) U, Hr versùs- i;;r'wa,/r | = :.15xi

"). .*, HI_ versus F2 IIIAX U/f r = -:31"-.
¿).re*Hr_:sr:S Tr Hr
e) FZ HI versus F3 FIA/Î r F -.52xx
f) F? HI versus F3 I,ïAX TA/T r = -.3f*
elr-{ì*$_y-qrsus r, Hr r = -.3,3*
h) Fe DàA versus F2 DAà I\I r 3 -¡80**
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i) FZ DAàIU versus f, SW/f r = -.35*
i ) FZ DA) I''1 versus FZ tlAX U/t r = -.35*
1) FZ G versus FZ LAD/T r = -.35*
m) FZ FIy'./T versus F3 HI r = -.31*
n) FZ F[A/T versus u; * r = -.zg*
o) F2 I,[AX TAÆ versus F3 HI r = -,35*
p) F3 UD/T versus F3 HÍ r = -.35*
q ) .I"e T,AD/T versus ut * r ! -.68*x

") ii; Hr versus F2 Hï
v*__" . -r.. 3 _.30_*_ :

Again, líke the Glenlea x Era stress-free cross, these

correlations are consistent with the known sink limitations
in the Glenlea x NB 320 stress-free eross. rn fact nearly
all of the strong negative correlations observed except for
those between HT and Hr and D) A versus DA) M are consistent
with a sink limited cross. ltlhen the breeder is able to increase

the sink capacity of this eross rel-ative to the source capacity
most of these negative correlations wiLl disappear or be

reduced.

For Glenrea x Neepawa normal, the significant negative

correl-ations among F, and F, parameters were:

r = -.lJ*
r i -.33+É*
r = -.23x
r = -.Jþxx
R = -.1¿l¡**
r = -.24*
1. = -.)Zxx
r = -.3$xx
r = -.23*
r = -.27*
¡. = - r/l+x

a) FZ Y versus F3 *
b)-L r,AD versus Fe G

c LIz Hl-_"J_T--"_tF, _.{3_-"- 
-"

d)i F2 HI versus F, Þ'.;;E;i;;ï;;:;
f) FZ HI versus F3 FIA/T
g) FZ G versus FZ TN

h) Fe G versus F2 MAX TA/T
i) Fe G versus t3 P

i ) Fe G versus Fj c
k) FZ Y/f versus F3 t
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\
1)1 Fa HI versus Fe HT r'r-J_-*.- --*--* - )
m) Fe DàA versus F3 [AD/T
n) F3 tlD/T versus F3 c

f = -.28*
r = -.22*
¡. E -, 1+5xx

1: = -.48**
1. = -.]l**
1. = -.J1**
r = - "JZxx
¡. = -.lla+
1. = -.J3xx
r = -.25*
r = -.26+
¡. = -.22x
¡. = -.42+.x
r = -.þ)**
¡. = -.34x*
¡. = -.34r**
r = -.36*x
¡. = -.JZxx
r = -.37**

The two parameters of greatest eoncer.n to the plant
breeder in this cross have to be Hf and G. The resul,ts are

anomalous and suspect since they indicate that reductions in
Hf and G will result in greater productivity and indirectly,
to greater yíe1d. This will be aceomplished by increasing

IAD and height and by increasing the length of the grain filling
period, ioe, increasing source capacity. l¡Ihen this eross is
grown under normal field conditions no sink limitations are

evident which is different from what is observed when this
cross is grown under a stress-free regime.

For Glenlea X Era normal, the significant negative cor-
relations among F, and F, parameters were!

a ) Fe Y versus F, D; A

b) FZ P versì¡s FZ D) A
c) FZ LAD versus Fe G

d) FZ LAÐ versus FZ D) A
e) Fz LAD versus Fz P/T
f) FZ HI versus FZ Dà A
g) Fz HI versus Fz P/T
) Fz G versus FZ HT

í ) Fe G versus F2 DAà t'{

i ) Fe G versus F, TN

k) Fe G versus Fz teD/T
1) Fe G versus F3 $IAX U/t
m) FZ HT versus FZ D+ A
n) F2 HT versus F3 G

o ) FZ KN versus FZ D+ A
p) FZ PD LN versus F3 *
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q) FZ DìA versus FZ DAà I\l

r) Fe DtA versus IIK lirT
s) Fe D+A versus FZ TN

t) FZ D) A versus FZ LAD/T

u) Fz ffi tlüT versus F? KN/T
v) FZ TN versus F2 KN/T
w) Fz TN versus FZ Y/T
x) )z TN versus F, P/T

")€+J-v-erxY: _{3_ID
z) F,_HI versus Fj tt?/T

ai)1"$_"Ir* vgrsug F3 HT - 
-''

bi) F3 HI versus F3 FI[/T
ci ) f, nf versus Fj I\ÍAX U/r
di ) t3 ü D/T versus F3 G

ei) t3 * versus F3 HT

fi ) F3 c versus F3 [1AX TA/T

r
r
r
r
r
r
r
r
r
r = -.26*
r = -.35+o
¡- = -.31+xx
r = -.21+*
r = -.69xx
¡. = -.!frf
¡ = -.Z)xx

-.66r'x
-.41{+J+

-. J9**
-.)3xx
- '34xx
-.)Bx*
-.21x
-.1+5**
-.l+lt'xx

The correlations in this eross are consistent with si¡k
Ìimitations on yield. Harvest index is negatively correlated

with both productivity and leaf area duration as well as with

leaf area. Reduetions in source capacity or j-ncreases in sink

capacity to more evenly balance the two is required to attain

maximum yieLd in this cross. The negative correlation between

TN and KN/T will make increasi-ng sink eapacíty diffieult but

not impossible since n'lK VIT ean be increased by lengthening the

DA) i'î period whieh will automaticaLly reduce the length of the

D)A period.

As with all crosses ínvolving a tal1 and a semi-dwarf

parent, reductions in height increase yield by increasing HI"

For Glenlea X NB 320 normal, the sienificant negative

correLatj-ons among Ft and F, Parameters were t
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a) FZ Y versus FZ DàA r = -,23x
b) F2 LAD versus Fe G r r -¡ 43xx
c) FZ IAD versus F, D¿A r = -.25*
d) FZ HI versus F, D9A r = -.23*
e) FZ HI versus F3 FTL/T r = -o26*
f ) F2 Hf versus F3 MAX I/-A r = -.ZZ*
g) Fe G versus FZ HT r = -,JLxx
h) Fe G versus FZ lN r = -.1¡J+.*
i) FZ G versus FZ LAD/I r = -.Zl+*
i ) FZ G versus FZ I,[AX TA/T r = -,lJ*
k) F2 HT versus F2 DàA r = -.?,6+-
1) F2 PD IA versus F2 D+A r = - .Z7x
m) FZ D) A versus F2 DA) I\î r = - .bhx
n ) Fe Ð) A versus FZ IrIIi t¡lÎ r = -.lJx
o) FZ Ðà A versus FZ TI'i r = -.26*
p) FZ DàA versus Fe Y r = -.lJx
q) Fe DàA versus F3 G l. = -.J0*+*
r) FZ DAà I\'i versus F, TN/årn r = -.30*x
s) F2 TN versus F3 P r = -.27x
t) FZ TN versus FZ P/f r = -.t+3xx
u) FZ P/T versus F¡ G r = -.23*
v) F3laD/T *r""",r"-F, G r' = -.66**
w) F3 * versus F3 HT r = -.J0**
x) F3 * versus F3 Ft¡./T y = -./Jt+
V) F3 G versus F3 M,A,X U/f r = -.t+7xx

The strong negative eorrelations are eonsistent with
sink Limitations in this cross. Hr is negatively correLated.

with Fl'l/T and i',14X U/f while G is negatively correlated with
r'AD/r, thus indicating that the source is too large to be in
harmony with the sink capacity,

To increase yie1d, increases in
required and these can be obtained by

sink capaeity are

increasing It[K l¡lT and

Kr!./r simultaneousry sinee no strong negative correrations
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exist between these two. Hr will be inereased by the above

modifications. Hf inereases could also be achieved by

reducing height. lherefore although there are a great num-

ber of negative correlations present, few are of a u.agnitude

that would prevent yield improvement by the plant breeder.

4"4 [Tu]-típ1e Resression and Correlation Analysj.s

Multiple regression and correlati.on involves linear
relations among more than two r¡ariabl-es. It is used pri-
marily in estimation or pred.iction of values of one character

from the knowledge of several others (in this study, F4 bulk
yield .from F, and F, parameters). The F, and F, parameters

considered are excl-usive of the F, visual yield estimates by

the seleetors since these are not quantifiable data. The F,
parameters are eonsidered separ"ately from the F, parameters

and the F, ís eonsidered separately over the tr¡¡o environmental

regimes.

The partial regression coefficients from the stepwise

multiple regression analysis on F4 bulk yield for F, para-

meters of the three crosses are given in Tables 10 through lJ.
Charaeters whieh explained less than O,O2 of the variance for
F4 bulk yieLd were not included in the tables even though

they were significant in some cases. This is an arbitrary
deei-sion based on the assumption that plant breeders would

not take the tine to measure variables which aeeount for less

than 0.02 of the variance.
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TABIE 10. Partial regression coefficients from the stepwise
multiple_ regression on fA bul\ yield for F, parameters of
the Glenlea X Neepawa stiess-free cross

MAX r,A/î I\TK I^iT DAù M R2

-+.gs
-5.73+t -1.11

The first thing most read.ers will notice is that the

amount of FU yield variance accounted for by the selected

rrariables is low when compared with studies like Kaltsikes
(lg?3) where in exeess of 9?% of the yield variance was

accounted for by a regression on selected variables. However

it must be remembered that in this study the F, parameters

were measured on spaced plants in 1976 and the F4 Vield trials
were conducted in plots ín 1977. Thus the regressed para-

meters are separated by time and space and yet stil1 nearly

4O% of F4 Vield variance is accounted for by the selected

F, parameters.

It should be noted that parameters defining both source

capacity (trTAX U/f) and sink capacity (tø< Vlf V¡ enter into
the regression with FU bulk yield. It is also noted that
the time from anthesis to maturity must be shortened to

increase yield and yet IIIK WT must be increased, Obviously

IAf at anthesis must be increased substantially in order to

increase yield.

The best multiple linear regression equation derived

from the analysis was3

2.Ol.'É*
1. B3x*
1. BlrT*
2.ro?É*

+1,ry
I+"56
5.86o

.?46#'*
"2)2xx
.341+xx
.397**
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Fl* Y = I)L.OO + 2,10 (l¿AX TA/T) + 5"86 (MK I'tT)

5"73 (DAIM) 1.11 (Y)

fn order to assess the useftrLness of the multiple regres-

sion approach in plant breed.ing, a comparison with a random

selection approach was drawn, using the hypergeometric dis-
tributi.on" In this cross there were J high yielding lines in
the F4 bulk population of 49 lineso A prediction based on the

above regression equation resulted in 7 predieted high yield-
ing lines with 3 of 7 of these predicted high yielding lines
being eorreet. Using ranclom seleetion, in only 1 out of 63

attempts would the outcome be as good or better than that
obtained using multiple regression, Thus the rnultiple regres-

síon method is signifieantly better than random.

TABLE 11. Partial regression coefficients from the stepwise
rnultiple regression on F¡, bulk yield for Fo parameters of
the Glenlea X Era stresslfree cross L

Pf T,I\i KN/r Fta/r R2

-13" ?0+x
-72"18r+rÉ
-L2.31+xx

3.l-3*+
2.50x zlzo

.1/fxx

.2Bl+**

.31+9xx

the amount of FU yield variance accounted for by these 3

significant parameters is only about one third of the total
varianee, however again it must be remembered that the regres-

sion is based on different genotypes, phenotypêsr spacings and

years -â reflection of an actual breeding program.

Parameters defining both source and sj-nk capacity enter

the regression (FI¡/f and KNr/T respectively) but the most sig-

nificant parameter is PÐ LN where a d.ecrease in length of the

peduncl-e results in substantial increases in yield, presumably
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by loeating the ear eloser to the flag leaf and. thus increas-
ing the sink demand on the souree.

The best multipre regression equatÍon derived from the
analysis was:

Frny = 794.69 - l.2.34 (po r¡) + 2.5O (Xtq/r)
+ 7,ZO (ruA,/T)

Again, in order to assess the usefuLness of the multiple
regression approach in prant breeding, a comparison with a

random selection approach was d.rawn using the h¡pergeometrie

distribution, rn this cross there were 11 hígh yielding lines
in the F4 bulk population of 49 lineso A prediction based

on the above regression equation resulted in lJ pred.icted high
yielding lines with 6 out of 15 being correct. This is zU+*'

times better than random.

TABTJE 12. Partial regression eoefficients from the stepwisemultipre regression on Fr, bulk yield for F-, parametèrs ofthe Glenlea X NB 320 strðss-free cross 4'

v/t DIA PD TN R2

82.09**
66.56xx
73' Booo

116.36*x

ol,v"
6.56x
6.Bzx

-el,zo
-?.3t¡* -2"84r"

.187x*
"2l5xx
.333rÉ*
.40Lr+n

As in the first two crosses, the amount of Fu yield var-
iance accounted for is ress than Soy'", however the amount of
F4 vield variance aecounted for by F, parameters is greatest
in this erosso

As in the Grenrea x Era stress free cross, a red.uction

in the length of the peduncle is required to make yield
gains,
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The neeessity of reducing the G value to increase yierd
runs contrary to the sink-souree relationship created by

placing the ear closer to the flag leaf since a reduction in
the G value would invol-ve a lessening of photos¡rnthate demand.

by the earo lhese opposing trends would have to be balanced

to get maximum yield.
The other two parameters which enter the regression equa-

tion are an estimate of sink capacity (v/r) and an estj-mate

of source capacity (D)A) with v/t neing by far the most sig-
nifieant parameter to modify to increase yield. The increase

in I/t will be accomplished by a símultaneous increase in both
harvest index and productivity.

The best multiple regression equation derived from the

analysis was:

Froy = 527.?g + I].6.36 (y/T) + 6.82 (Oge¡
7.3t1' (PÐ rI'{) z,Bt+ (c)

rn this particuLar cross there were 7 hish yielding lines
in the Fu bulk population of 49 lines, A prediction based on

the above regression equation resulted in B predicated high
yielding lines with 4 out of B correct. rn only one case out

of lIJ would ranclom selection resurt in an outcome as good or
better than that observed and therefore the multipre regres-
sion approaeh is significantly better than random.

Summarizing the multiple regression analysis results for
the I stress-free erosses, it was observed that the amount of
F4 vield variance accounted for by serected F, parameters

varied from 35 to $Oy'", It was also observed that in a1l
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erosses the regression equati-on developed included a sink
component and a source component, the relative magnitudes of
which depended on the nature of the cross combination rel-ative
to sink and source capacity. Finally it was observed that
predictions based on multÍple regression techniques were sig-
nificantry better than rand.on in all eases, i.e. selection of
r5/", 3o/" anð, r54 of the .lines in the stress-free erosses

resulted in retention of l+291, 4O/" anð. JQf; respectively of, the
high yielding lines.

l^Iould the results be as good as this if one grew the Fz

plants under normal field conditions?

TABLE L3. Partial regression coefficients from the stepwise
multiple_ regression on F¡,. bulk yield for F, parametèrs of
the Gl-enlea X I'leepawa noilmal cross

t'{,AX IA/T t'K t¡tT Kri Dà A DAà I,,1 SN/T R2

. 81{Ê¿É

'7Çxx
. BB¿tJ$

. $þx+r
1.02rF++

. Bo';-

r,72
2.Ll+
2.lB'*

.52
-. 13

-.03
-.03
-.0þ
-.05

:
-1.60
-3,22 lt .94

ro.l+g-5. 06lr* t+,6U

.085x*

.108rÊn

.LJ5xx

. ì-J1x+

.I)5xx

.ZZ6+t+t

rt will be noted fírst of arl that the ainount of Fu yield
variance accounted for by Fa pararneters is down to 23% in this
cross while it was nearly I+O1l in Glenlea X lleepawa stress-free.
Clearly the greater environmental variance present in the nor@1-

ly treated F, population is detrimentar to the precision of
the regressíon equation.

Parameters defining both source capacity (l/iAX IA/T, Dà A

and DA)I/I) and sink capacity ( Ir[í trüT, KN and. SN/T) are

Íncluded in the regression equation on F4 bulk yield with sr/r
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and DAà 1.,1 being the most important.

It is evident from the analysis that increased leaf area

at anthesis is required to get greater seed set on the spike-
rets of each tiller and that sN/T must be increased. as well
to get increased yield in this cross.

The results of the Glenlea X Neepawa stress-free and

normal crosses are in good agreement even though the preci-
sion of the normal grown eross is only half that of the stress-
free crosso

The best multiple linear regression equation derived frorn

the analysis was!

F*Y ='-";.32 
i":'ff jîirfliÌ, -i']'.jîn'il*^i"" 

(rtr¡

In this cross there were / high yielding lines in the F¡n

bulk population of 81 lines. A predication based on the above

regression equation resulted in 10 predieted high yielding
lines with 4 correct. this is 286r+r+# tir¡es better than random,

and compares favourably with the Gl-enlea X Neepawa stress-free

cross where the multiple regression analysis method was 63xx

times better than random.

TABLE 14. Partial regression coefficients from the stepwise
multiple_regression on I¿ bulk yield for F, parameters of
the Glenlea X Era norrnal-cross

HT sN/T c P Hr RT
-6.49xx .1-J6xx
-?,30xx 25.03x .222l**
-6.45xx 26.Z9xx Z.B7x ,Z63xx
-8 .67xx Zt+.61+* Z.t+s O. 61 ,ZB7xx
-9.04xx 23.42* 2.95 0.76 -l+.67 ,3lg**
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The amount of F4 yield variance accounted for by Fe

parameters in this cross is 32/", while in the Glenlea x Era

stress-free cross it was 35% so that the change of environ-

ment had minimar effect in this cross even though growth was

enhanced in the stress-free envíronment.

The results indicate that inereased yields will be asso-

ciated with inereased SN/T mainly, especiall)'when combined.

with height reductions and a reduction in HI. Obviously

I\IK I¡rlT will have to decline to satisfy the above requirements.

As well, increases in G, *ti"h will be effected simul-
taneousry with HT reductions and inereases in P are required

to obtain maxj-mum yíelds.

There will be some difficulty in obtaining all these

mod.ifications simultaneously since red.uetions in height

usually result in increased harvest index and decreased pro-

ductivity" The plant types taken forward for progeny testing
will be eompromises of what is desired versus what is obtain-
able and the rate of progress in yield. advancement will be

slowed accordingly.

The best multiple regression equation derived from the

analysis was3

F4y = rr?3.83 g,ot+ (HT) + 23.42 (SN/T) + Z,g5 (G)

+ .?6 (p) - 4.67 (Hr)

In this cross there were 10 high yielding lines in the

bulk F4 population of BI lines. A prediction based on the

above regression equation resulted in 14 predicted high yield-
ing lines with J correct. In only I case out of 9? would
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random selection be expeeted to produce results as good or

better than that obtained using a multiple regression analysis
approaeh. This is significantly better than random and com-

pares favourably with the Glenlea x Era stress-free cross

where the multiple regression approach was z]-#r'times better
than random,

TABT,E 15. Partial regression coefficients from the stepwisemultiple regression on F¡, bulk yield for F. parametèrs
of the Glen1ea X I{B J20 ilormal óross

KN n¡/r I'ï,,AX f,A/T R2

.g$xx,

.OJ*x

.07x-x'
-l+,55
-5,95 .ãz

.084't$r?
,106*r.'

I 2Oltfc

The first thing of note in this cross is that the amount

of F4 yierd variance accounted. for by F, parameters is down

to 13% while it was t+O% in the G1enl-ea X NB 320 stress-free
cross" Tt was noted that the flowering and maturity dates of
the normal material were quite variable (spread- over near11,- 4

weeks) while the flowering and maturity dates were nearÌy slm-

chronous for the Glen1ea X NB 32O stress-free material. Sj-nce

the stress-free material was grown for a week in a eool green-

house prior to transpl-anting to the field while the normaL

material was direct seeded into the field during what turrred

out to be a hot spring, it is assumed that residuaÌ winter genes

in NB J20 and its progeny were the cause of the differenee in
the tlvo popurations, The asynchrony in the normal popul-ation

results in reduced preeision of the regression equation,

The regression analysis indicates that the progeny of the
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Glen1ea X NB J20 normal eross are sink limited with moderate

increases in KN resulting in increased yield. rt appears as

well that there is a slight source limitation at or just
before anthesis (perhaps due to the flag leaf shading the

rest of the plant) which may be the cause of the inadequate

KN in this crosso

The best muì-tiple regression equation derived from the

analysis was:

F4y = ??5.49 + .o? (KN) - 5,gS (rrÂr/r) + .BZ (UAX LA/T)

In this eross there were 13 high yielding l-ines in the

bulk F4 population of Bl lines, A predietion based on the

above regression equation resulted in J predicted high yield-
ing lines with 4 correct. In only one case out of JZ6 would

random selection be expected to produce a result as good as

or better than that obtained even though the regression equa-

tion accounts for only 13/" of ttre F4 Vield varíance. This

outcome compares favourably with the Glenlea x NB 320 stress-
free cross and is significantl¡r better than random,

Surnrnarizing the multiple regression analysis results
for the J normal crosses, it was observed that the amount of
F4 Vield variance aecounted for by seleeted F, variables
varied from 13 to 321". It was also observed that in all
erosses the regression equation developed ineluded a sink

component and a source component, the relative magnitude of
which depended on the nature of the cross combination rela-
tive to sink and source capacity. Finally it was observed

that predictions based on multiple regression techniques
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were significantly better than random in all cases, i.e.
selectj-on oî 12ji, I?îi and,6'¡l of the lines in the latter J

crosses resulted in retention of 57/,, J0/" and )L/, respee-

tively of the high yielding lines.
The ability to predict which F, genotypes wil-l give ríse

to high yielding progeny is as good from normal grown F,
plants as it was from stress-free grown F2'" so that any

increased genetic potentiar expressed by the genotypes grown

under stress-free conditions in the Fz is lost due to the

dissimilarity of that envi-ronment to the one under whieh the

plants are yield tested. in F4. Therefore F, plants shoul-d

be grown under the prevailing field conditions when selec-
tion is to be practi-sed on them -ilot a surprising conclusion

considering that this is what plant breeders have normally

done.

Having dealt suceessfully with the F, to F4 relationships
relative to yieId, it is now ti¡ne to turn to the F, to FU

relationshi-ps. fhe partial regression coefficients from the

stepwise rnultipre re6Sression analysis on F4 bulk yield for
F, parameters for the six populations of the three crosses)'
are gíven i.n Tables 16 through 21. Parameters which explained

less than .o? of F4 yields variance are not incl-uded in the

tables.

Before commencing the F3-F+ analysis it should be reealled
thatd@rplicated inside row samples from 3 row x 3 m plots grown

in the same year as the F4 plots were used to obtain F, para-

meters.
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TABT,E 16. Partial regression coefficients from the stepwisemultiple regression on F,, bulk yiel_d for F- pararnetérs ofthe Glenlea X Neepawa stiless-free cross )'

rN/åm R2

-r.73
-1. 58 z. s+

rt is of interest that the amount of Fu yield variance
aecounted for by Fj parameters is only half of what was

explained by the F, pararneters even though the tj'" were

grown in the same planting pattern and year as the F4rs.

ït should also be noted that the parameters which enter the

regression equati-on are eornpletely different from those which

entered the Fz-F¡ regression. This is due to the d.ifference
in planting pattêrrlr The rnost important parameter in the
F3-Fro regression analysis (and the only statistieally sig-
nificant one) is height. Height of tillers in the plot must

be inereased to obtain maxi¡¡¡m yields - ârrd this is in a cross
where mi-nimal height differences between the parents oecuryed..

At the same time that height is increased, rN/åm must be

redueed and G rnust be i-ncreased. ALl of these changes are

clearly related to the scurce eapacity of the cross progeny

since increases in height wourd spread the Ìeaves better in
the canopy, a reduetion in tirler number would. allow more

light penetration into the lower levels of the canopy and

increased G values would imply obtaining more yield from the
same leaf area duration.

Note that although the same parameters are not present

in the Ft and F, regression equations, the inforrnation they

5.ot+o
5.32'*x
5.r7t

I 2'l .¡tJf

.1BBt+{f

.2I3*
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contain is similar. The F, analysis cal_led for inereased

souree capacity per tilIer combined with increased I\üí lìlT to
obtain maximum yields. This is also what is called for in
F? sinee reduced III/tn increases the source capaci-ty per)
tiller but also requÍ-res that the sink be able to accept

more photosynthates -possibÌy through increased IIK !'JT. There-

fore it does not seem to matter whieh field environment or
plantíng pattern is used to deduce the relationships between

physiological or morphologi-cal parameters and plot yie1d.

The best multiple regression equation d.erived from the I

analysis was t

F4 vield = J81.00 + S.I7 (ur¡ I.SB (rn/åm) + z.SU (c)

In this cross there were 5 high yielding lines in the

bulk F4 population. A prediction based on the above regres-

sion equation resulted in 3 predicted high yielding with 2

corect. this is 43*x tj-mes better than random, comparing

favourably with the F, result which was 63xx'times better
than random.

TABIE 17. Partial regression coeffícients from the stepwS-se
multiple regression on F1,. bulk yield for Fo parameters of
the Glenlea X Era stresslfree cíoss )'

Y MAX r,A/T R2

-7 '26nx
-7.6t+on

-11-. 39+.+
r:lest"
14.27xtr t.zz

" 
1J1**

. ZBB.*+$

.)Zax-x

In this parti-cular cross the

accounted for by F, parameters is
amount explained by F, parameters

amount of F4 yield varj-ance

nearly identical with the

ß2%) versus 35%). As welI,
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in this particular eross there is particuJ_arly good a€çree-

ment between the parameters whi-ch enter the F, regression and

those which enter the Fz regression equation, i.e., HT com-

pared with PD LN, Y compared with Krl/T, and I'lAx rA/T compared

with Fl¡/T. Not only do the parameters between F, and F, cor-
respond welI, but the amount of yield variance each accounts

for is very similarr ê.g. Fj HT, ISil compared to F, pD LN,

17% and so orrr rt would appear for this particular cross at
least that the planting pattern or field. environment have littIe
effect on the regression analysis resultso

The two most important (and highl)¡ significant) parameters

entering the a3 regression equation were HT and Y. Substantial

reductions in HT and simultaneous increases in y (per tiller
and therefore substantial increases in Hr) are required to
maximize yield. As well a slight i-ncrease in I\IAx Ta/T which

has to be derived from larger r,Ar at anthesis may be required
to maximize yields.

The best multiple regression equation derived from the

analysis was:

F,Y = :460.46 - 11.39 (HT) + I4.z? (y) + r.?z (IltAx LA/T)

In this cross there were 11 high yielding lines in the

bulk F4 population, A prediction based on the above regres-
sion equation resulted in 14 predicted high yierding rines
with 7 correct. fn only one case out of l-62 vrould. random

selection be expected to produce a result as good as or better
than that obtained, thus the outcome is significantì-y better
than random. The ability to predict high yielding bulks was
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marginally better from

since the F, regression

than random.

the ,3 than from the Fz

analysis was only ?I*x

in thís eross

times better

TABI,E 18. Partial regression coefficients from the stepwise
multiple regressi-on on Fr, bulk yield for F" parameters of
the Glenlea X NB 32O strðss-free cross )

Ftt/T R2

-9. 11x*

In this eross the F, parameters account for nearlrr 3/t+

as much of the F4 yield variance as the F, parameters did even

though there are only 2 F, pararneters whiLe there were 4 FZ

parameters. As welI, the parameters which enter the Uj

regression equation are completely different from those enter-

ing the F, regressS-on equatj-on. Clearly in this cross the

planting pattern and field environment had considerable effect
c:l the regression analysis.

In this case, increases in produetivity (which would be

on a til-ler basis ) and a simultaneous decrease in the FI1./f

are required to achieve rnaximum yields. Depending on the

height of the pl-ants chosen, this inerease in productivity

can be interpreted as representing inereased source capacity

(taft plants) or increased sink capacity (short plants). Com-

bined with a decrease in source eapaeity as represented by

Fl¡/T however, prod.uctivity must be interpreted as indicating
sink limitations in this crosso

The best multiple regression equation derived from the

analysis wasr

7 .91+Ìt
r0.33'l

.126r,2!'

.283x+t
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F4 Y = ?5L.5? + tO.34 (P) g.tl (FrA/T)

In this cross there were / high yielding l-ines j-n the

bulk F4 population. A prediction based on the above regres-

sion equati-on resulted in 6 predicted high yielding lines with

3 correct. Thi-s is 35-*x- times better than randorn but not as

good as the FZ regression analysis result which was 11¿!xxx

times better than random.

TABLE 19. Partial regression coefficients from the stepwi-se
multiple_regres_sion on FU bulk yíe1d for F, parameters of
the Glenlea X Neepawa nofmal cross

I'îAX LA,/T TN/årn R2

1. B1ù""
I.2'2ie
1.20'r+

bl, y"
t+.63x -l 22,

.1801++t

'ZJþx*,265xx

rn this cross the F, parameters explain slightly more

of the F4 Vie1d varianee than did the F, parambters (2?f' as

eompared. to 23%). This outeome is similar to the F3 of
Glenlea X Neepawa stress-free cross where 2L/" of F4 Vield
varianee was exptained by J selected variables. TN/åm is
eommon to the F3t" of the eross while I,IAX LA/T was common to

the norrnal grown cross.

The J parameters ehosen for this regression equation are

consistent with source capacity limitations on yÍ-eld sinee

increasing I\{AX U/f, P and. decreasing TN/}m simuLtaneously

would serve to inerease source size (bigger leaves) and

source aetivity (by redueing tiller number per unit row,

more light is able to penetrate lower into the eanopy).

Increasing productivity serves to increase the size of the
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potential source on which the developing €irain can draw during

the grain filling period.

It is noteworthy that two parameters in each of the Z Fl
populations for the Glenlea x l{eepawa cross are in dS.sagree-

ment. I{T and G surface at ímportant parameters in the stress-
free F. popuration while t,tAx rA/T and P surface e¡e important)
parameters in the normal F, nonulation-ârrd this is material
of the same generati-on, growïr in the same type of plots in
the same part of a field in the sarne ]êârr There is no ad.e-

quate answer to the above parad.ox but part of the answer must

be soÍ1 heterogeneíty and. perhaps moisture gradients sínce

the field was a sloping one,

The best multiple regression equation derived from the

analysis was:

Fr, Y = 1."20 (runX ru/t) + t+,6J (P) !.23 (riv/åm) + 565,9

fn thÍs eross there were 7 high yielding lines in the

bulk F4 population of B1 lines. A prediction based on th-e

above re6lression equati-on resulted in B predicted hígh yield-
ing lines with 5 eorrect. This is an incredibLe 2J r00ox*x

times better than random. This eompares with 63**.* times

better than random for the F, stress-free cross and Z86ltt*rs

times better than rand.om for the 1., normal cross.

TABI,E 20. Partiar regression coefficients from the stepwì.se
multiple regression on Fr,. bulk yield for F" parametérs of
the Glenlea X Era normal-cross )

HT rN/tn R2

-Q.þ$:r*
-&. 61j*'lr

.0P9x*

.119*+tz"sg
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this cross is the first large departure from the trend
set in the F, regression analysis. The amount of F4 yield
variance accounted for by F, parameters is very row. The

one signifieant parameter which entered. the regression equa-

tion (HT) is consistent throughout the ,3 stress-free popu-

lation and the F, normal cross, llot onry is height consis-
tent but it is the most important parameter in all cases,

appearing first in the regression equations (i,e. HT has the
highest simple correlation with F4 vield). rt is very clear
that height must be reduced in the Grenlea x Era cross to
achi-eve maximum yields. The F, populatj-on from stress-free
F2'" indieated that increased yield per ti11er was requÍ-red

to obtain maximum yields per plot while this regression
analysis .indicates that inereased tiller number per unj-t row

length is also a technique whieh can be used. to achieve maxi-

mum yields.

The best multiple regression equation derived from the
analysis was3

F4 Y = 1268.8þ - 4.6r (HT) | z.Sg (rl[7¿r¡

rn this cross there were 10 high yielding lines in the

bulk F4 population of 81 lines. A prediction based on the

above regression equatíon resulted in 10 predicted high yield-
ing lines with I correct. Thi.s is I7t times better than random

but is poor in compari-son to the F, stress-free cross result
which was 162*trt* tj-mes better than random and. the F, normal

cross where the regression analysis based prediction was

97x*.YÃ times better than random. The relative inadequacy of
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this result .is direetry related to the smâll amount of Fro

yield variance accounted. for by the selected F, parameters

in the regression equation. However the reason for this is
not obvious -it is probably related to environmental hetero-
geneity,

TABLE 21. Partial regression coefficients from the stepwisemultÍple regression on Fr, burk yield for F. parametãrs ofthe Glenlea X NB 320 norña1 cross. ) '

r,hD/T ï{T R2

,03rr
.OJ';-
.06r$

-3.58
-3.60 zlz s

.049x

.07 5x'

.0Ç6"r

This eross is the second departure from the trend set
in the F, regression analysis. The amount of F4 yield var-
iance accounted for by Fq parameters is only ro%. This is- )-
caused 'by several faetors, primarily poor stand which was

caused by herbicid.e damage when the plots were sprayed for
wild oats. Thís dama55e was confined to this cross beeause

it was on the end. of a block of land. where spraying started
and finished.

The regressi-on analysis indicates that moderate inereases

Ín rAo/r, substantiar red.uctions in height and large increases

in yield are required to achieve maxímum yields in this cross.
These results are in poor agreement with the F,, stress-free d.e-)
rrved popuration and the F, normal population of this cross,
which is probably to be expected sínee this partieular cross

v¡as grown under exceptional circumstances.

The decreases in heíght required and the increases in
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yield per sample are most probably valid because these para-

meters should be affected only minimally by a thin stand.

LAD/I however would. be affected. considerably by thin stand

and the reduction in Fl,*/f called for in the F3 stress-free
population is not an i-mportant change needed in the normal

F, Population. Therefore it is necessary to take into account

the growth of the F, population before placing too much

ernphasis on the regression analysis.

The best multiple regression equation derived from the

analysis was:

F4 y = ?56.2? + .06 (I,AD/T) - 3.60 (HT) + ?.?5 (y)

In this cross there were 13 hish yielding lines in the

bulk F4 popul-ation of 81 1i-nes. 4 prediction based on the

above regression equation resulted in 12 predicted hígh )rieId-
ing lines with /, correct whieh is 13å+ times better than random.

This compares poorly with 11$**x times better than random for
the F3 stress-free population and 526 xxx tirnes better than

random for the F, normal population. Again the relative
inadequacy of this result is directly related to the small

amount of FU yield r¡ariance accounted. for by the seleeted F,
pararneters in the regression equation due to the environmental

heterogeneit¡r preúiousÌy outlined.

Summarizing the multiple regression analysis for the

6 ,3 populations of the 3 crosses, ít was observed. that,the
amount of FU yieì-d variance accounted for by seleeted F,

parameters varied from 10 to 32i3. It was also observed that

ín most crosses the regression equation developed included a
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sink component and a source eomponent. As welI, it was con-

cluded that the predietions of high yielding F4 bulks based

on multiple regression techníques involving F, parameters

were signifieantly better than random in all cases¡ i.ê.
selection of 6%, 29"/,, I2%, LOo/o, L2% and IJ/" of the lines in
these six crosses resulted in the retention of 4O%, 64/', 43/',

|Ly'", 30f' and 30/, respectively of the high yielding lines.
The crosses have been dealt with successfully in the

foregoing discussions as single units versus F4 bulk yie1d.

It is interesting and informative however to combine the

erosses in F, and F, to determine if a general multiple regres-

sion techníque can be used to predict high yielding F4 bulks

from F or F, pararnetêrs o

To retain consisteney with the previous analyses, any

parameter which explained less than O.OZ of the F4 Vield
varianee was omitted from eonsideration.

TABLE 22. Partial regression eoeffieients from the stepwise
multiple regression on FU bulk yield for all F2 popula-
tions from the three croÉses

R2PD Ï,I.I
0.4.31tx
0.50*x -4.â5""'

It is el-ear that the crosses a¡rd environments in which

they were grown were suffieiently different to make it diffi-
eult to find a set of parameters common to all the crosses

rn¡hieh will explain 1ar6¡e amounts of the F4 Vield variance.

In faet the two parameters which enter the regressj-on equatj-on

are of major importance in only 2 out of the 3 crosses.

0. O3raxx-
0.05!I¡xx
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Productivity ís important in the Glenlea X Neepawa and

Glenl-ea X NB 320 erosses while PD LI,I is important in the

Glenlea X Era and Glen1ea X NB 3ZO crosses. Therefore it is
not surprising that these two parameters explain only 5/'ot
the F4 Vield varianee. The best regression equation d.erived

from the analysis wass

F4 vield = 896.45 = . So (P) - tt.zs (PD tN)

In the eombined J crosses there were J2 lrí€;h yielding
bulks in the FU out of a total of 390 lines. A prediction
based on the above re¡Sression resulted in 64 lines being pre-

dieted with 18 correet. Thj-s is a surprÍ-sing 3¡Jl-9xx'x times

better than random, i.e. selection of only 16/, of the com-

bined F, population retained 35îi of the high yielding lines
in F4. fhis is much better than would have been expected

based on the amount of FU )rield variation accounted for by

tre selected F, parameters in this regression equation. A

possible explanation for this is that productivity enters the

regression equation and due to the pleiotropic nature of pro-

ductívity (and the fact that it encompasses such attributes
as seedling vigor, drought toleranee, disease resistance and

growth rate-whieh is supremely important in a short season

environment), the predietion of high yielding lines is sig-
nificantly better than expected"

The outcome for the combined F, analysis i-s however, not

as satisfactory as for the combined F, analysis. there are

no Fo parameters in the combined population which account for)'
more than .OZ of F4 yield variance and therefore no multiple
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regression equation was generated. If the .02 of F4 yield
varj-anee requirement is dropped, then a regression equation

is generated. However the regression is non-significant and

all Fo parameters entering the regression equation are also)-
non-signifieant. Thus F, noprlati-ons could not be success-

fu1ly eombined although the F, popurations eould be suecess-

fully combined. Clearly Fe spaced plants of several erosses

act more similarf)t than do F, plots of several crosses.

This must be due in part to the wide range of competition

that would occur in F, plots where plants were segregating

for height as compared to F, plots where all the pla.nts were

of the same height. There was as weIl, i-n F3, as previously
stated, ân environmental heterogeneity not present in Fr.

It is concluded that replicated F, yield tests would be better
than a pÌrysiologieal/morphological yield prediction approach,

The physiological/morphological approaeh proved to be very

satisfactory for F, populations both within and between popu-

lations. The results show however that the resressions are

most satisfactory when developed on a eross and environment

specific basis.

There are drawbacks to the use of a rnultiple Ìinear
regression apprloach in a practical plant breeding program.

These rirawbacks include the necessity to choose a specific
set of parameters and to determine the magnitude and sign

of the regression coefficients entering the regression equa-

tion sinee it would be unwise to use the parameters and
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coefficients determined in this project from a limited
sampling of crosses. sueh information could be empirically
determined on a wide range of representative crosses if the

time and resources were avaíl-abIe. However a more straight-
forward and rnore readily utílizab1e approach is required which

can be applied to spaced F, plants.
fn an excellent review paper by Donald and Hamblin (19?6)

it is suggested that the tv¡o most important parameters plant
breeders must consicier in their breeding programs to increase
yield are productivity and harvest j-nd.ex.

They say:

"Though biologieal yield and harvest index
may seem blunt i-nstruments for the better
analysis of the growth of eereals in the
field, their wider use in agronomic research
and plant breeding would make a notable con-
tribution to the understanding and advance-
ment of crop performârlCê. I'

These eomrnents, coupled with the fact that the multiple
regression analysis indicated that F, productivity was the

single most irnportant parameter to be considered when pre-

dicting F4 bulk yields from F, parameters, leads one to the

conclusion that productivity and harvest index must be

included in any seleetion eriteria developed for F, single
plants.

Âs rvelI, the frequency with rvhich height entered. the

regression equations of all crosses and beeause of the fact
that height has a strong relationship to productivity neces-

sitates its inclusion in the selection eriteria set. I^ihat

is obtained therefore, is a type of F, single plant analysis
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which can be appropriately called a harvest index evaluation

within a productivity and height framework.

4. ( Harvest Index -Height-Productivity Analvses

The results of the harvest index-height-productivity
analyses are given in Tables 2J through 28.

TABT,F 23. Harvest index evaluation in a productivity and height
framework for FZ of the Glenlea X Neepawa stress-free cross

Productivity Harvest rndex Height selection criteria

168 + 3tr .&11"06 BB+5 P >202
,35 <Hr 1.4?
HT any

ii The selection criteria developed for the F, of the Glenlea
i 'X Neepawa stress-free eross are based. on the faet that high

, yield in plots is obtained from high productivity for tal1
plants (espeeialJ-y when a moderate harvest index is super-

imposed on this high produetivity). Height is an unimportant
--.- parameter in this eross because the parents differ little in

height"

A seleetion of the F, population based. on the above eri-
teria retained 9 out of t+9 br r9itr) Fe plants and z out of s

high yielding Fb bulks. This is 5x times better than random.

TABLE 24. Harvest index evaluation in a productivity and height
frarnework for the Fz of the Glenlea X Era stress-free erois

Productivity Harvest Index Height Selection Criteria

135>P >?.21
.39 ¿Hr< .5r
76>Hr>go

I?B + 43 .45 ! .06 83+7
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The seleetion crj_terj"a developed for the FZ of the

Glenlea x Era stress-free cross are based on the facts that
for tall plants (Hî">90 cm) high yield is aehieved. by high
productivity (P>x + 1ø) and moderate harvest index
(Hf .39 5I), whiLe for short plants (nf <.?6 cm) high yield
is aehieved by 1ow productivity (p<* - 1 cr ) on spaced plants
coupled with moderate to high harvest index (Hf .39 Sl-).

A selection of the F, populatíon based on the above cri-
teria retained 10 out of t+9 br zo%) F, plants and 4 out of
11 (or 36",/") hieh yielding F4 bulks. This is gx times better
than random.

TABLE 25. Harvest index evaluation in a productivity and
height framework for the FZ of the Glènlea X NB 3ZOstress-free cross

Productivity Harvest rndex Height sel-ection criteria

t64 + 7o .45 !.06 Bo + g g4>P>234
,39<HI<. .5I
71 >Hr> 89

The seleetion criteria deveioped for the F, of the

Glenlea x I'IB 320 stress-free cross are predicated on the same

principles as the Glenlea X Era stress-free cross.

A selection of the F, population based on the above eri-
teriaretained.9outof49(orIB/')F,P1antsand5outof?
(or 7lf") high yielding F¿l bulks. This is 874*+* tirnes better
than random.



TABLE 26. Harvest index
height framework for
normal cross

evaluatíon ín
the FZ of the
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a productivity and
Gl-enlea X Neepawa

Productivity Harvest Index Height Selection Criteria

l-JB + ttz .33 + .oB 89 + 12 P>180
.25 <Hr1.t+I
HT any

The selection criteria deveroped for the Fz of the
Glenlea x Neepawa normal cross are based on the same ration-
alizations as for the Glenrea x Neepawa stress-free cross.
Beeause the plants did not grow as well und.er normal fierd
eonditions as they did under stress-free cond.itions, the abso-

lute varues for productivity and. harvest index are lower but
the same fraction of the F, population is sampled. nevertheless,

A selection of the F, population based on the above cri-
teria retained 12 out of Br (or r5%) and 3 out of ? (or b3V"¡

high yielding FU bulks. This is 18r¿rå times better than random.

TABT,E 27. Harvest index evaltration i-n a productivity and
height framework for the Fz of the Glenlea x Era normal
CTOSS

Productivit¡' Harvest Index Height Selection Critería

l't+6 + I¡3 .39 + .05 BJ+B 103> P>lB9
.34< Hr<-.41+
77>ur> 93

The sel-ection criteria developed for the Glenrea x Era

normal cross are predicated on the same prinei-ples as the

Glenlea X Era stress-free cross.

A selection of the F, population based on the above
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criteria retained 10 out of 81 (or rzli) of the F, population
and 2 out of 11 Oe6) high yielding lines. This is 4*r times
better than random.

TABIE 28. Harvest index evaruation j-n a productivity and
height framervork for the FZ of the Glenlea X t{B 3ZOnormal cross

Productivity Harvest rndex Height selection criteria

tJI + Jz .39 ! .07 84+B 99>P>?o3
.32<-HI<.1+6
76>Hr> 92

The selection criteria developed for the Glenlea X I'lB 3?.0

normar eross are predicated on the same principles as the

Glenlea X NB 320 stress-free crossr

A selection of the F, population based on the above cri-
teria retained 10 out of 81 (or I?rX) and 4 out of 1J br 3I%)

high yielding F4 bu1ks. This is 2&** tirnes berter than random.

In summarizing the results of the harvest i¡rdex evalua-

tion in a productivity and height framework, it is noted that
the predictions based on productivity, harvest j-ndex, and. where

appropriate, heÍ-ght are all significantly better than random.

ït must also be pointed out ihat in no case are all of the

high yielding lines retained by the selection procedure. The

benefits of obtaining productivity, harvest index and height
data are derj-ved through an inereased probability of select-
ing high yielding F, genot¡[>es, with a high intensity of
selection rather than through the retention of all high yierd-
ing F, genotypes with a low intensity of seleetion.
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There are specific selection recipes which ean be

developed for any type of cross, depending on the parents

rvhich are invol-ved in the cross.

For i-nstance in tall x tarl crosses, one serects posi-
tively for productivity on FZ spaced plants, taking the

largest plants beeause there is a strong positive correlation
between spaced plant produetivity and plot productivity for
tall plants and a strong positive comelation betr¡¡een plot
productivity and yield.

However in short x short crosses, one serects negatively
for produetivity on F, spaced. plants, takíng the smallest
plants because there is a strong negative correlation between

spaced plant productivity and plot productivity for short
plants and a strong positive correlation between plot pro-
ductivity and yieId.

thus one selects the best plants from tal1 X tal1 Fz

pcpulations and the poorest plants from short X short F,
populations. rn the case of talI x short crosses, one wouLd

select both the best and the poorest plants from the F, popu-

lations to retain the highest yielding genotypes,
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5. GENERAL DISCUSSToN AND Coi{cLUSroNS

I'[any studies have looked at the relationship of physio-

logical and morphological parameters to yield in pure geno-

types on single greenhouse or field grown prantsr on micro-
plots grown in the field or on large field grown plots. How-

ever, even though some investigators have looked at spaced

plants ín the field for yield components, no investigators
had until now done a thorough investigation into the use of
physiological and/or morphol-ogical parameters on F, spaeed

plants or F" plot samples to determine if it would be possible)
to improve the efficiency of selectíon for yield in a prac-
tical plant breeding prograrn in F, or F, by using these

characters either individually or in combination.

The results of this project show that one can use singIe
parameters in F, or F, Ín simple correlation analysis r+it¡
F4 bulk yield to determine whether the progeny of a particula.r
cross are pri-marily source limited or sink limited (always ','"

-'.--remernbering that*sîñE-"1irtiítãtíõñs- äáy be caused. by insuffi-
cient source capacity during the sink development phase). rt
is also possible to use a single Fz or F, pararneter to select
for yield potential in F, or Fr. However the most common

parameter entering the analyses in F, is a visual yield selec-
tion estimate whieh is highly dependent on the cross and. the

environment where it is grown. rn any case, although there

is a degree of success at picking high yielding genotypes
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from the F, using a single parameter, this success is
achieved only when a low seleetion intensity is emproyed.

ülhat this really means is that plant breeders have a good

ability to discard poor yierding pJ-ants in the F, but have

little ability to select high yielding plants.
The most conmon single F, parameter entering the analyses

is height. this is a relativery stable characteristic over

environments and within lines however the abitity to sereet
high yieldine F4 bul-ks by using F, heisht is successful only
at 1ow selection intensities. rt was concluded that repri-
cated yield testing in F, would be the more desirable arter-
native.

hlhen one eombines two or more parameters measured on F,
plants or F" plot samples into a multiple regression equation)
to explain F4 bulk yield variance, it is found that 10 to t+o/,

of the variance is accounted for by the regression equations

which are in all cases statistically significant. l,{ore i.rnpor-

tantly, the predictj-ons of high yierdins F4 bulks from F, or
F, Senerated regressions are significantly better than random,

and in most cases, retention of only IO-ZO% of the FZ or F,
population results in retention of greater than Jofi of the

high yielding lines. This represents a dramati-c improvement

over either visuaÌ selection or single plot yield as selec-
tion eriteria.

The regression technique as it stands is of littre vaLue

the plant breeder however because the parameters ehosen

estimate yield potential are cross speeific in many cases

to

to
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or have different magnitudes and sigrrs from cross to crossc

A combined cross analysis Índicated that productivity
and peduncle length were important conmon parameters in these

crosses-but each of the parameters was of primary importance

in only two out of three of the crosses studied. l¡Ihen one

also takes into aecount that there are four types of high
yielding plant forms available to breeders (i) talr produc-

tivity dependent, (ii) tall harvest index depend.ent, (iii)
semi-dwarf produetivity dependent and. (iv¡ semi-dwarf harvest

index dependent and that there are six logical ways of com-

bining these plant types to aehieve high yield through physio-

logical complirnentation, then it becomes obvious that many

more crosses must be investigated and many more multiple
regression equations generated before the multiple regression
approach to early generation selection beeomes feasibre. The

outcome of the multiple regression analysis however does sug-

gest that a multiple pararneter approach should be successfl¡l-.

Beeause of this, a harvest index-productivity-height approach

was evaruated in the finar seetion of the thesis. rt was

shown quite elearry that simultaneous consideration of pro-

ductivity, harvest index and in cases where parents differ in
stature, height, results in the retention of lB to ?I% of
the high yieldins Flo bulks with a selection intensity of
approximately IO-Lsfr which is ar¡ aceeptable level to most

breeders.

/ en ongoing test of the ability of the harvest ind.ex
I\ e.raluati.on within a height and prod.uctivity framework
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procedure to select high yielding F, genotypes on a wíd.e

range of crosses is currently in progress and will deter-
mine the usefulness and turiversality of this approach in
plant breeding programso

Provided the harvest index-prod.uctivity-height selee-
tion procedure turns out to be useful in seleeting high
yielding Ft genotypes, then it v¡ould be rogical to d.o the

following:

1) characterize potential parents in a breeding program

for their harvest index, height and. productivity so that they
can be slotted into one of four categories listed above (e.g,
talI productivity dependent).

2) I{ake appropriate crosses using physiologieal eompli-
mentation as a guideline (e.g. cross talr productivity
dependent parents with tal-l harvest index depenclent parents ) .

3) Generate appropråate seleetion recipes for the FZ

populations based on positive combinations of the physio-

logieal components present in the parents (e.g. for the exampre

cross type' one would select the largest plants with the highest
harvest index).

tt') use replicated F, bulk testing of selected. F" progeni-es

to determine the best bulks.

5) Extract lines and develop new high yielding varieties
from the best bulks.
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APPENDIX TABIE 1. Analysis of variance
at 'ufinnipegtÊ
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of F4 bulk yields

Cross Source of Variation df MS

Glenlea
X

Neepawa
stress-
free

Replications
Blocks
Varieties
Error
TOTAI

5
36
rlB

204
293

C.V. = 12.4%,

259,92t+
37,733
32,955

)I.57xxx
4.58x**
4.0gt+t+*

L.S.D . ,A5 = I27 .3

5 38, 081 2.95*+
)Q 37'811 2.93x48 126,3]-9 9.9þxx*2O4 r2,BB?

293
I2.6il, r,.s.D, .05 = !28.5

Glenlea
X

Era
stress-
free

Replications
Blocks
Varieties
Error
TOTAI

C.V. =

Glenlea
X

NB 32O
stress-
free

Replications
Blocks
Varieties
Error
TOTAI

2Ig,o72
32,927
82, oo8
l-0,7 55

20.37*x*
3-o6x
7.63xx*

5
36
4B

204

293

IJ-.gy'o,rr Itt¿o Y ¡ L.S.D. .05 = 11?.4

*replicated triple lattice design
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APPENDIX TABLE 2. Analysis of variance of FU bulk yields
at Winnípee*

Cross Source of Variation df I{S F

Glenl-ea Replieations 5 20,263 2.3/'+xX Bloeks I+B 29,172 3.3?**xNeepawa Varieties B0 l+0 ,523 tl. ¿i6r+r+*tNormal Error 352 B 16l+6
TorAt 485

C.V. = 10.Zy'o, L.S.D. .OS = lOS.z

Glenlea Replications 5 43 160l- 4. Bllt*Ë+rX Blocks t¡,B 4L,? 5? þ. S1x*xEra Varieties B0 IO? ,BOg 11. 90*x,*Normal Error 352 91060
TorAt 485

C.V. = JO.9/o, L.S.D. .OS = 10?.?

i Glenlea Replicatj-ons 5 222 r 55O I9.14*x*x Bloeks tl8 ZB t SZ? Z.t+5x
NB 32o Varieties BO n2:3þ5 11,3é"**oNormal Eror 352 IL r 625

T0TAT, l+85

c.V. = L2.6fr, T,.S.D. .05 = IZZ.o

*replicated triple lattice design
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AppENÐrx rABr.T 3. Grenl_ea x Neepawa stress-Free Adjusted
F4 bulk yields

1. 97t+

2. BO2

3. 9?5
t+. 879

5. B5g

6. Bzo

7. 9Iþo

8. 9oI+
g. Bo7

10. 1019 c
11. 8Bl+

12. Bt+?

13. 79It

14. 96t+

15. g}t+

16. 7Bg

t7. 934
18, 9"5
19. 9l.2
20. B3B N

2r. g3B

22. BB4

23. 900
2l+. 920
25. IOTgx
26. g1g

27. g3Z

28, 93t+

29. TOZII

30. 775 N

3r. 952

32. gt+o

33. BBg

3t+. BB7

35. gLz

36, g60

3?. B5g

38. 925

39. 837
l+o. tt36* 6;

41. 835
t+2. 926
43. BB?

t+4. B9j
45. gLz
t+6. 1009
47. e74
48. go3
t+9. 918

i = PQ4"6s l.s.D. ,.05 = IZ?.3

G=G1enlea, N=Neepawa
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bulk yields
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Glenlea X Era Stress-Free Adjusted F4

1. 95t+

2, 7?5

3. 890
t+. jt+s

5. g+5

6, g?o

7. 1066rr

B. 926
9. Bzl+

10. 797 e
11. 680

L2, 827

13. 918
14. B3o

15. 922
16. 766

L7. 7OB
I 18. gl?

rg. 96I
20. 922 E

2L. gO5

22. Lol_o

23. BlB
24. 669
25. 1013

26. 858
27. 8BB

28, g2g

29. TBtt

30. 1067*g
3L. 1181*

32. 811

33. 1131*

3l+. 86?

35. 836

36. 799
37. 9I+6

38. go5

39. 83?
I+o. 964 c
4r. 954
I+2. BZj
t+3 . ro 53*
I+l+. 867
45, LO36'*
I+6. rorz
I+7. rl65x
4.8. 9It'9
l+9. 1050n

1 - 900.3, LS.D. .05 = !28.5

G=Glenlea, E=Era
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bulk yields
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Glenlea X NB 320 Stress-Free Adjusted F4

1. 924
2. 662

3. 831
I+, BB5

5. 1044*'

6. gTo

7. 918
B. 11t7*
g. 852

10. 877 c
IL. 92.I
12. g?5

13. B6t+

14. 9ZZ

]-5. B2B

16. 975

t7. Bg4

18. 779
19. 76r
20. 885 ¡irB, 320
2I. 803

22. e56
23. 856
2t+. 9l.4
25. 877

26, 7It5
27. B2B

28. 962
29, 863

30, 1002;tl{Br 320

3L. 718

32. B2B

33. 830

34. 7gB

35. 63?

36. gg3"

37 6gz
38. 970

39. 836
I+o. 861 c
&1. 106l+*
t+2. 7?B
t+3, 1141*
l+I+. 842
11,5. 603

46. 924
I+7. 1004+r

48. 10tl0ås

49. 7+6

-x = B?4.2, L.S.Ð. .A5 = Aa?.4

G = Glenlea, NB- J20 = NB". 320
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APPENDIX TABI,E 6.
bulk yields

Glenlea X Neepawa Normal Adjusted F4

1. Bltt
2. ?o3

3. 925
I+. BlB

5. 9t+6

6. Btt3

7. 816
B. Bgl
g, 945

10. 823
11. g3o

I2, 916
13. 886

1&. Bgg

T5. B5?

16. Bgo
1?. 973
18. 901
19. Bg2

20. 1083x G

2r. 1080{r

22. 920
23. gg3

2t+ " 901
25, 850
26. 924
27. 909
ZB. B4B

29. ggg

30. 779 ñ;

3r. go5

32. 939
33. 886

3t+. 829

35. B6t+

36. BB2

37. 918

38. 950

39. 986
40. llfgx G

41. g3I
t+2. g3I
43. 9t+6

44. 964
t+5, g7o

tt'6. 669
47. 861
rl,8. gg5
t+9. BB3

50, Bg4 N

5r. 860

52. 938

53. 7BB

51t,. g5z

55. 74r
56. 923
57, IOZ5*

58. 856

59. Loo3
60. 984 e

6r. 862
62. g5?

63. 970
64. gzo

65. g?I+

66 ' 9rz
67. ?86
68. 96S
69. 905
?O, 897 N

7r, B4g

72. 9t+6

73. 927

?4. B5T

75. 976
76. 783
77. gg7

78" 1017*
?9. B9o

80. 900
Bl. 1028å+

f = 909.9, L.S.D. .05 = i-05.2

G=Glenlea, N=Neepawa
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APPENDIX TABLE 7. Glen1ea X Era Normal Adjusted F bulk Jrields

1. 1063x
2. 776

3. 560
l+, 68I
5. 831

6. ?BB

7. 76t+

B. 893
g. Blo .

10. B7O

11. 983*
12, 10BB{+

13. 99?r,
14. 492
15. ?It+
16. g7B

t7. 932
18. 943
19. 579
20. 814 c

2l-. BBlf

22, 1044r+

23. g4O

2l+. 1061*
25. B5o

26. 5O3

2?. 815
28. Bgo

zg. B2o

30. g5g E

31. 955

32. ?73

33. ?30

3I+. 93L

35. glro

36. Bg5

37. 927
38. 975

39. 762
40. 926 c

l{,1. 9l+2
lt2. 992'å

43.873
hlt . 10021+

t+5. T7z
46. BLz
t+7. ?70
t+B, 7o3
t+9. B3t+

5Q. 965 n
5r. BB1

52. 97t+

53 - loo8r'
5l+. 1006r+

55. Bo2

56. 749
57. 929

58. l.O95x

59. 874
60. ?62 c

6r. rozl+*
62. 856
63. gtto

6t+. 990x
65. 6ZO

66. Bt+3

67. 96L
68. 953
69. 98t+*

70. 99l.lÉ

7r. 916

72.. 933
73.867
7t+. 954
75. LO72x

76. 765
77. Bt+s

78. 9l6
79. 793
Bo. 965
81. 655

i = 872.?, L.S.D. .OS = l.O7.?

G=Glen1ear E=Era
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APPENDTX TABI,E B.
bulk yields

GlenÌea X NB J20 Normal Adjusted F4

1. 566
2. 983'¡-

' 3" 49r
I+, BZz

5, 608
6. rrzl+â+

7. 9I+6

B. 824
9. 1oo3*

10. Bo3

11. g5r

!2. 852
L3, 756
II+. I059x
15. 86?

t6. 868

t7. 947
18. 1020rÉ

rg. 649

20. 786 C

2].. BB0

22. ??5
23. gI2
2l+. IOI+?*

25. 783
2.6, g2B

2?. 6l-7

28. Bt+6

29. BBo

30. 876NB

3T, B7O

32, IOJB*

33. 1036rå

3l+. Bl+l+

35. 873

3!6, 67t
3?. 1013+

38. g2O

39. 3?7
40. 2"5 c

9t+9
gIt3

695

963
1112#

?96
767

937
820

952 NB 320
73r
?I+2

825

772

?t+9

583
910
804

Lo7 5*
,71+I+ c

6r, Sr3
62. 865
63, 998*
6tt . 9B6x
65. 989*
66. 7Bg
67. 838

68. 749
69. BBg

?O. P10 !tB' J20
71. 76Ir

?2. B?7

?3. 8g6

7l+. 1011rs

75. gO3

76. g5B

77. 1060r+

78. 822

79. 769
Bo. ro73x
81. 9It9

ITL.

I+2,

43.
I+11..

I+5.

46.
I+2.

48.
lþ9.

320 5Q'

5L.
52.
53.
5l+'

55.
56.
57.
58.
59.
60.

i = 856.3, l.s.D. .o5 = 122.0

G = Glenlea, l{8, 320 = NBr 320
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variables,

2
r.9

L3
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