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ÂtsSTRACT

A svsi:prn oI early gerleratioir selection for: 5,ietrd ancl bi:eac]nraki.ng

quality of Triticum aestivum L. tnr.ls ínvestígated Ín r¡hich initíal, selectj-on
r,¡as condu"."n ;.;;Íca.ecl F3 tines. ThÍs srucry differecj froir
previor:s vrorlt by ''ts radical apirroacl-r to the clesign of F,J nurser¡-es. :llire

clrjectives of the study rue::e a.) to cbÈain some j.nfo::rnation aboui: the amount

and rlistribution of varÍabíl-it¡r, clue to envíronnent, fo:: yíeJ-<i arcl qria1,íty

parâneters in vl-reat breeclÍng nurseri_es, as measureci bJ, freqilent systematic

controls ; b) to examíne the interrelationships of ylsf ¿, rti-re-at pr:r¡tein

contenf- and l¡readmakíng qualiry in l-he varieLy ì{anitou in ciif f erent )¡ears;
ernd c) to ex¿¿mÍne the yielcl and quality perfc_,rÌnance in lat.er gener¡Èj.cns

of varíous selecti'ons macle in F3 for rrarious yíelcl and bre¿ldara-king qualÍ-ty

paranietef s 
"

Tn three dif f erent sel-ection nrrrseries it was slioivn i-ir¿lt the yields
oÍ control plots nj-ne ieet apart r+ere hÍgh1y signifícantly correlatecl" The

correl'ation betr^¡een yields decreasecl rapÍc1 ly ruitli increasíng rlistance
'beti^¡een plot cenËers" A símílar analysís r.¡as conducieci for fourtee' breaå{-

making quality paraneters rror one nursery in rvhÍch the variet), j\t¿nito* \,¡as

used a's the conÈrcl. correlatlons calculatecl for control pl-ots at specifiecl
dj'stances åpart indÍ.catecl Lirat, for a1J- important bi:eadmaking quality paya-

meters, contÍ-guous piots rvere significantl-y more símilar tl:an those further
âpart ' Areas of liigh and loi¡ yielcl potentÍal and high and lory quality
potential could be iclentífied in wheat nurser:í,es by trsing vield and quality
data from controls at frequent intervals" Thís information shoulci be used

by planÈ breeders t¿Tren assessÍng unreplicated breeding lines from a girren

area of Èhe nursery.



À highly significant positive correlaËion ivas obtained beÈr.¡een grain

)¡íel-cl ancl i¿heat protein content in each of t¡.¡o years for the veriety l.lanitou.

The breadmaiting quality of the ì'ianiton cont::ols r.ras significantly díf¡-"erent

in the tr"/o years" In both -rrears most of the qualit5, pê-Ëämeters \./ere signi-
ficantly and posit:'-vel-y correlated ç¡ith r,¡heaE protein content. The ac,cual

quantitative relationslrip betiueen each of the 'varíous païameters and r.rireat

protein content rvas consístent from year to year onJ-y for flour protein
content, flour asho fl-our color and remix loaf volume. rt was recominencled

that in each year â seríes of }lanÍtou i.rheat samples iuitll as r¿ide a range as

possible for ruheaL proteín content shorrld be analysecl for: breadmaking qualiÈy"

Quality clata from síng1e breeding lj-nes coulci then be compared to t6e ¿a¡a

for i4anitou samples of equival-eni protein contenr.

EvaluaLion of the effee'c of selectíon ín three different F3 populat-íons

tvas achieved for trvo yielcl parâneiers ("Pl-ot grains yielcl" and ,tper:cent of
a<ljacent control lrield") ancl for fourteen qua1itl, parameters by e>ramining

the ¡'rerf ormance of F3 selectíons in the Flr. ancl F5 generati.ons. The on.ly

characiers for ruhicl-r the mean performance of F5 popuj-ations coul-d be preclicted

from the F3 lvere rvheat protein content ancl Farinograph cÌraracteristics
(excluCj-ng mixing tolerance ínclex), and in one ]¡ear out of three :For ,,Flot

grams yie1d" and "Percent of adjacent control yieJ-d"" The good relationsirip
beti^¡een F3 ancl F5 for the trvo 1'íelrj variables r¡as obtaíned in the only ys¿¡

of the Lh::ee i-n i'¡hieh t-he maxirirum rânge of the ¡¡ielcls j-n tire F3 population

ruas sampled. Sel-ection rvÍthin tire r.rpper regioir of the spectrum Ín F3 For

e-Lther oi: i:ire yr'-el<i r¡ariables alon.e r¿a.s rl¡reffective in the otl'rer tiro ]¡eal:s,

buE irr all tllree yea.rs the "best yield:lng" F5 poprrj-ations r,¡e,re clerj-ved from

F3 plots v¡hích r'¡ere in the higheï area of the F3 poirulation for botjr vield



\./aïíäbles " T-n each of the tlr.ree years signi.f ícant ciif f ereÐces existed

l¡etl¡een F5 ponulation neans for the tr,¡o yieid vav:iabl-es, ancl ai so foi: ihe

majoi:ity of the ciuality paranìeters" Sel-ection beti¡eelt E5 popul-ations should

be very effectíve for those variables.

Ev:lclence \{as cbtainecl r+hich indicated that the use of the variable

t'Percent. oi a<ljacent controi- yieJ-citt r^¡as effective in removing some of the

effects of variability ín yiel-d caused by the in.fluence of env:lron¡rent'
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INTRODI.JCTION

canada has heen an important ivorrd producer of rrard red spring

rvheats for many years and the very desirable trigh breaclrnaking quality

of these r'¡heats has resultecl in the establishment of a substantial export

tracle in grain and flour. There is considerable concern ín man¡l areas

that the world requíremenE for this export commodity will fal1 as the

result of niajor chan6¡es ín breadmaki-ng technology in importing countriese

coupled rvith the development of higher qualiry r¿heats Ín those countries,

and Ëhat thís rvill result in dimínishÍng demands for Canadian i¿heats.

Any agricultural development which rvíll assist in the reduct,ion of

production costs of t¿heat rvil-l help in keeping rhe commodíty competitive

on the v¡or1d mariret. rn this respect the breeding of higher yielcling

r'¡heats ¡¿hích do not sacrifice the Ëraditional Canadian stand.ards of

qualíty is a research project rvhich demands considerable effort.

From the tirne that the first l^Iestern Canadian wheat crop iras

gro\¡7n in the Selkírk area in IBI2 a large number of <tifferent varieties
has', been cleveloped and grorvn in lry'estern canada. The first variety
produced from a program of crossing in canada was deveroped by

Dr. I¡I. saunrlers and resulted in the rerease of l,{arquis in 1907. The

myríad of varieties released since then inclucle such varieties as

selkirku Pembína, Manítou, Rescue, chinook, saunders and Neeparua. Most

of these varieties have trzo general features ín common. Flrstlyo in
tire pedigree of these varietíes it is notÍceable that they ¿11 have a

substantial amount of ger¡pl¿sm ivirich relates baclc to the variety Marquis,

or to the varíety Thatcher whích is iËself a lufarq.uis derívative [19].
Secondly, most of the varieËies have been released to cope rvith a specific



problerü of lvheat procluction as iE arose" Thus Sellcirk v¡as releasecl to

combat the stem rusË epidemic caused by race 158 from 1950 onrvards"

Rescue and Chínook were developed specificalll, go overcome the susceptÍ_

bility to sarvfly attack in certain areas of Alberta and Saskatchervan.

There is no doubt that ttris approach to breed.ing for specífíc phenotypic

requírements, terrned by Dona1-d [33] breedíng for "defect eJ-íminaËíon",

has been extremely successful in rnainÈâinÍng the growing of wheat in
Canada as a profitable venture. Nevertheless, ân examj-nation of the

historÍcal records reveals Lhat present day yields on Èhe farm rnay not

be very much greater Èhan Ëhey r+ere some eígtity years ägo" lfacoun [87]

in 18B2 coll-ected data from some 56 "respectable and intellígent'' farmers

and indicated that the average u'heat yield in the Canadian North l{est rn¡as

of the order of trventy-six bushels to the acre. Gray [46] also reported

thåt the average wtreat yield of tr,renËy-síx bushels to the acre reportecl

in 1915 for the Pallíser Triangle area of the Canadian prairies ruas a

record whích rrras unbeaten for forty years " In comparison with this ís
the reported average iuheaË yield of 20.5 bushels per acre in the prairie

provinces for the period l-961 to 1965, rvith a record average yteld of

27.9 bushels per acre in 1966 1261, rn 1959 Hamilron [50] índicared rhar

in spite of consíderal¡le plant breeding effort over â period of tr,renty

yearsu a varíety rvith greater yield potentíal than Thatcher had not been

produced.

There are tr"ro possible major reasons for the límited advances in
yiel-d potential which have been made with Canadían varieties. The first
possibilitJ' is that the limit for yield potenEial under prairie conditions
has been reached and that no further useful genetic variabílÍty for yield
exists ivhich could be íncorporated ínto neru varíeties. Few Canadian rsheat

breeders support this víetupoint, although many of the Canadían ryÌreat
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programs irave made extensÍve use ojl b¿clcrossing to ìiarquís type genetic

backg::ouncls in order to ensure the qualí-ty standa¡:d of their 1ines, i:hus

voluntarily limiting the potentÍal- genecic variabilii,v" The second

possibilíty is that the conventional methods used in the production of

nerv varieties are insufficiently sensitive to detect t.ire real differences

in yield potential of superior cultures ¡¿hich are aclually present in tire

breeding program, and r¿hich are neverî icjentifiecl . Hurd [64] r.¡orlcing in

Saskatchewan illustrated that the gepetÍc rzaliability for yielcl is not

limiting and supported the viei.; that it is the nethocts of selection ryirich

need re-e>lamÍnation" z\ crítical appraisal of Lhe range of selection methods

presently used ai'rd a consideration of tire relatÍonship of tirese methods

to the geneËica1 processes fo:: quantítaLive characters which are occurring

in segregatíng populations r.rouldl surel¡z reveal th¿rt some selection methocls

rtere rùore ef ficient than others in obtaining the sarne objectives. Iderrii-

iicaÈíon of the superior nethods ís a necessar)¡ objective for efficient

plant breeding

Tirere are many metirods of selection rvhi-cir are used throughout the

rsorlcl and exper:'-mental comparisons of these inethocls are beyond the physical

research capacity r',rhich most plant Ì:reeding units possess" Because of..the

large amount of materÍal tiliich has io be carri.ecl for several generations,

räost inr¡estigatÍons into plant breeding methociology are restricbd e-illier

to examína.tion of just one methocl , or at nost to a comparison of truo nethods

usecl simultaneously on the same gelìetic material. Shel¡eslci [10S] concluct-ecl

a surve]/ of t¡heat breeclers throughout the ivorld to fínd out the ¡rethods

ruhich are beí-ng use<l in Í:he improvemenL of i,¡heat varíetj-es ancl :torrnd that

clespite similar objectlves tlte methocls used i,,Tere extremell' c'[iverse, lìor,rever,

all of the breeders Trere concerned r,¡ith attempËs Ëo isol-aEe the superior
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progenies or plants j-n their pl:ogran anC the ccmmon problell r,ras obví-orrsly

one of identif ication" The :rajoríty of the jlr:eect-ers r..'ere using the

?¿'dígree ¡lethocl , o:: nocli f i cations of it , though t'î;l.cli,ey J. (ne::sona1- comn. )

j-ndicated that manv Eur:onean breeders r,rel:e u.sing the bul-lc metho<1 un to

the F4 generatíon, follorverl by peclÍgree selectíon.

Ïn prclgr:rnis <lesigi-reci to select for quantitatíve characl-eïs sucLi

as yiekl , Si'ieLreslti consiclered that man¡; of t-he methocls usecl r¡ere based

more on tradition than on a kiror.¡leclge oÍ the genetics of quantitatirre

characters" IIe made specific criticisms of many of the systems of

iiancllíng segregating populations ancl , or-r the basis of a particular moclel

for quantitative inheriËance, outl-ii:ecl a modífiecl pedigree metþocì for:

breachuheats , involvi ng early generation selection. This inetirocl v¡as

designeci to elirninate many of the defects of existÍng pecligree systenìs.

The rnethod relied pr:ímaríly orr a rígorous initial selection for measur:ecl

yÍelcling abílity an<1 breadmalcÍng rluality on ihe F3 line basis, tl.ie use

of large populations at all sta¡5es of selection, couplecl r.¡itit the use of

ruinter nurseries in I'fexico, and on a nerù approach Lo the arrangement of

field trials containing large numbers of enLries " It ruas suggested that tire

F3 perforaance t,¡ou] cl provide a very goocl basis for predÍction of l¡otir

yield and qualíf:y in si-rbsequent generations províclecl a) 1.arge F3 plots

i^¡ere used, containíng up to 750 plants each, b) plots \rere separaterl

from

c) an

one another sufficientl,v to elimÍnate interplot competition and

aid in

f iel<i 
"

aclequate number of control plots \+as usecl in the nursery as an

a1i-orving for fl-uctrrating envi::orunental ef fects throughout ihe

Thís srucly r/as initiated in 1965 in orde:: to examine the effective-

ness of Ëhe rnethod suggestecl by Shebeski. The nlain areas of interesL r,rere
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the reiationshíp of the F3 to subseq.uent generatíons for yielcl ancl quality,

ancl measurement of the amount ancl distribution of varíabílity for ¡he

yield and quality of systematic controls in the breeding nurseries.

ïnterrelationshÍps of the quality parameters ín the control variety

Manitou r^rere also obtaíned for tvro years. Consequences of the findings

from each of these areas of research rvere díscussecl in relation to

practical plant breedíng procedures.



LÏTEFÁTURE REVTEII

\¡ariabílity in )'ierd due to enviro-nmen_ta1 effects in ser_ection

The largest problem facing the plant ìrreeder attempting to select
superior lines for yield or other criteria from a breeding nursery is
the li¡nit of hís ability to distinguísh bettqeen the relative amounts of
environmental and genetic effect on trre phenotype. rf envíronme'tal
effects \üere very s¡nall- or constant throughout the nurserv, selectíon
for genetically superlor rines at any stage of the breeding program

r^¡ould be símpre" Thís srate is never obtaÍnecl under field conditíons
and more cornmonly envÍronmenÈ x genotype interactions occur rvhich further
cornplÍcate the ability to se.lect the geneËícal1y superior rines on a

ratíonal basis' The planË breeder Ís therefore compeltecl to use experÍ-
mental designs which wÍIl pernrit him to measure the environmental effect.s
in the selectíon nursery and to arlov¡ for trrem when making selection
decisions ' The various approaches of experimental desígn rvhich allow
thís to be done have been described by cocrrran and cox [30] an¿ do 'ot
require reÍteration. Leclerg [79] made an exËensÍve revierv of the effecEs
of soil heËerogeneity on field experiments and illustrated the developrnent

of the principles of experimentaËion, starting from the use of uniformitv
trials in the early part of the 20th century.

An exact neasurement of trre amount of variability in yield crue

Èo envíronment can be ol>tainerl from unifonnity trials, where a comprete

nursery ís planted to a constant variety and the entire area is harvested
in separate but equal sized plots. These plots are rueighe<l separately,
Ëhus allowÍng an examinatíon of boEh the amounË and distribution of



varíabílity for yield in the nursel:y. The majority of the variability

is usually attributed to the effect of soÍ1 heterogeneity, l,fany such

uniformity trials have been conductecl since 1900 and the details and

uses of the data fron many of these Ì!'ere catologuecl by Cochran [29] in
L937' for many dÍfferent crops and years. Several consistent findíngs

emerged from thís review and were confirmed by more recent results from

uníformity trfals by Ellíott et al- [34] using spring nheat, and by

Garber et â1 [45] ruiÈh oats and winter r.¡heat" Firstly, the amount of

variabilíty for yÍeld r'ïas larÉle, even in fields rvhich had been visually

assessed as being unlform. Secondly, the variability was not distributed

at ranrlom, but plots closer together tended to give more simílar yields

Ëhan those further aPart. Conrelations betr,reen yields of adjacent plots

fn uni.forrnity trials of cerear crops, as revíewed by Leclerg [79] were

usually high, "Studenr" [i-20] ín L9z3 had already highlighted some of

Ëhese findings when he stated that in a field "... yield varj_es from

point t.o point with an irreguJ-ar regularity; there is consequently

correlatíon between one plot and íts neighbours and generall-y Èhere ís
a tendency for one end of a field to yíeld more than the other'r. He

attributed Lhis effect mainly to soil heterogenelty.

Prior to the development of procedures of experimental design

by FÍsher [38] utílising repllcatÍon ancl statistical analysis ro measure

the varíanee componenË due to environment, plant breeders tended to use

field nurseries in whích entríes v/ere unreplicatecl 17gt. Direct compari-

sons of yÍelcl betrnreen línes in different parts of the nursery r¡ere thus

confounded v¡ith the effecÈ of environmental dífferences betr.reen the

various sites. Cereal breeders ín the Unite<l States hrere ar,râre of these

lÍnritations and investigated the use of systemaric control plots of single



varíeties gro\rrn at regular intervals throughout the nurseïy. I.lianclco [130]

described and recommendecl the use of controls as every Lhirct plot ín

fertilízer experiments and ctescribed the various i.¡a)¡s in rvhich r¡ielcl

informatíon from the control-s could be used to correct Ëhe values of the

treatnlent plots for effects of natural varíatíon in the test. Salmon t107]

outlined some of the problems relating to the use of check plots but

recommended their use if círcumstances clid not permit replication.

Pritcharci t102] suggesEed that the greatest 1¡enefft from using controls

rvould be obËained if the control and line und.er test were as close

Eogether as possible, províded interplot competi-tion rvas avoid.ed. Other

netirods of using control informatíon, including the use of moving averages,

have been adequately revierued by LeClerg 1791. Interest ín the methods

of experímental- desígn i,¿hÍch use controls appeared to clímínÍsh rapídly

after 1933, following the revised Report on Standarclizatíon of Fíelci

Experíments presented by Ëhe American society of Agronomy [4]. This

report recommended the use of replicatíon as the ttmost effecËÍve means

for reclucing the effects of soíl heterogeneícy and other random errors",

and suggested that this technique removed the necess:l-ty for including

frequent chectrt plots for the purpose of rveightíng yíelds" yaËes t133]

ín 1936 descrÍbed the "pseudofactoríal design" suitable for testíng

large numbers of varieties and pointed out that information from systematic

control-s could be used Ín the anal-ysis. yiel_ds of entries v¡ou1d be

corrected for positíon in the nursery, using any d.esirable funcËíon of

the onËrol data, and then the data v¡ould be analysed ín the same way

as in a normar Analysis of varíance. l"fore recentl_y Baker eE al Lrzl

recommended that íf control plots are used in experiments r,rith unreplicated

ËreatmenËs then the yield data from these controls should be used as a



covariate. He questioned the use of frequent controls for measuring the

effects of heterogeneity in breeding nurseries, mainly on the basís thaE

the exËra precision v¡hich míght be obtained Ín selection of superior lines

tuoulcl not compensate for the exËra amount of labour involved in handling

the conÊrols. Richey [105] índicateci ín 1926 that tfie moving average

meÈhod v¡ith cont.rols ruas relatively successful in increas:ing the precisíon

of field experiments, but he ai-so expressed doubt rvhether the increase

ín precisíon rvas worth the extra effort lnvolved.

A plant breeding method for self-pollinated crops suggeste<l by

shebeski [110] Ín l9(r7 required the necessíty of yield EesÈlng as many

as 1000 unreplicated F3 lines in a test simuleaneously" Acceptable and

convenienË experimental designs rvhich r,¡ou1d be suitable for using in thís

situation do not appear to be available. In the absence of such designs

Shebeski therefore recommended the use of the control method, rvítl'r controis

every thÍrd pi-r:t throughout the nursery and F3 lines in the intervening

tr'ro pl-ots. Every F3 line was theref ore grorvn next to a control and the

yiel-d of each line could be expressed both as the "Actual Grams Yield"

and ín relation to the yield of the adjacent control, as a percentage.

The percentage method is just one of mâny covariate methods whích could

be used t133] and r*ras chosen as being Èhe most convenient. Haggag I49]

used Ehe adjacent control sytem in this way and founcl that the "perceiiË

conËrol-t' measure rvas ef f ective ín removing enviroirmental ef f ecf:s,

partícularly those due Èo location. Shebeski recommended the use of

rodrov¡ plots consísting of three roÍrs each, r¿ith rorus separated by six

inches ruithin plots and vritl-r tr¿o feet betr.¡een rorvs in adjacent p1ots"

The wfde spaeing betr¿een plots rvas chosen in an attempt to minímíze the

effecËs of lnterplot competition. Jensen and Federer [69] illustrateci



that r^rich r+ínter ruheat the competitive effecLs bett¿een plots separated by

only one foot ruere quite severe ancl affected yields signifícantl1r. tr'líth ror'¡s

separated by Ërvo feet this effect díd not appear to be signífícant. Hotuever,

the wide ínLerplot spacing usecl by Shebeski may have introduced a separaf-è

sûurce of varíabÍ-lity ín rhe form of genotype )i alley effect ínteractíon

t4l. Bror^m and I.leíbe.J- l24l descríbed signifícant interactíon of this type

for yield in truo ot¡t of four replicated rvínter: wheat and spríng oat tests'

using tr¡ro fooL soacing betr^¡een plots. A highly signíf icant al.ley ef f ect

resulting ín hígher yields of the outer ro'¡s of four rorr plots rvas obtained

j.n a1.1 four tests" anrl the difference in yiel<l of inner and outer plot

roir¡s rrâs attributed to differences in tillering capacity" Since all three

ïo¡,'s ârê harvested in the three rovr plot suggested by Shebeski this effect

of genotype X rorv spacing may be of consíderable importance in determining

the total plot yielcl. Selecticrn of the highest yíelding F3 plots in that

case r^¡ould ten<1 to result in selection of lines r,¡hich respond to condit.ions

of rvíde ror+ spacíng, rather than to the conclítions of relativell' narror'¿

spacing found ín the solicl stands in the farmer's fields" Furtirer

investígation of the use of various hinds of nursery plot rvould be very

desírable, but is beyond the scope of this thesís r¿hich is rest.ricted to

an investlgatÍon of the three rorv plot method.

2. Varíabilíty Ín breadmaking quality of ',vheat due to envíronrnental-

effects ruirhin selection nurseri-es

Shebeski t1101 suggested that selection for breaclm4king qualiLy

in wheat crosses coul-d start on the single p1-ot cletermínation basis in

the F3 generaLion. In a sysÈem of thi"s l<ind clecísíons on ttheÈher to

select or discard indivÍdual- F3 lines are based on unreplicated observaLions



of qualitl'. It is therefore very importänt to haçe some iclea of the amount

of varíability for quality rvhicir coulcl be expected from recommended

commercial- varieties gro\,¡n uncler the same eondítions, and to see rr,hether

Ëhe qualíty of particular F3 lÍnes falls r+ithin Ëhís range. A revÍew of

the literature reveals thaE very llttle v¡ork has been carried out in thís

area of research. Studies equivalenË Ëo uníforrníty trials do not appear

to have been attempted for the qualíty characLeristics of any ce::eal crops.

Hoivever, Mcl(ercher t91] reported in i-964 orr the basÍs of six years r,¿ork

that differences of up to 77" ín wTreat protein contenË were found betryeen

dífferent sampling topographícal positions r¡ithin single fields of summer-

falloled rvheat crops in Saskatchewan" Thís rvithin field variation rùas

attributed to changes in soil profíle and associated mícroclímate. In

their revie\ù "Breeclíng Idheat for Qualítyrt lÌehn and Barmore [59] point

out Lhat successful l'¡reeding for quality rvould be aided by a knowledge

of the environmental sensitivity of eaeh of the quality factors under

considerati-on. In the sysLem of frequent control-s of Lhe same variety

advocatecl by Shebeslci, quality anal-ysis of all of the controls in the

nursery ruould proví<le a measure of both the amount anci ciistrj.bution of

variability throughout the nursery for each of the parameters used ín

assessing quality. Data of this nature vould apply only on a single

yeare síngle control and single nursery basís but if obtaíned ove::

several years would provide a source for a better understandíng of the

effect of environnent on v¡heat qualiÈy.

3. The relationship of ruh.eat proteln content to tlie yiell of ruheat

There have been many reports of a significant negatíve relaÈíonship

between the proteín content and grain yield r¿ithin ryheat varieties" Neatby



and llfcCalla [98] índícated thaE the negative relaÈionship r,'as stronger

for v¡heats grorrTn in areas of soil nf-trogen defícíenc¡r" Haunold eÈ al

t56] confirmed thís fincling for four r¡inter r,¡heat varieties gror,rn both

in the greenhouse and ín the field over a period of tliree'years. Sosulski

et al [1]-51 varíed the moisture, temperature and nitrogen level under

condítíons of controlled environment, using Thatcher wheat, and rvere able

to demonstraËe an inverse relaËlonship betrveen grain yíelc1 and grain

protein content at constant. levels of nitrogen. Hutcheon and Paul t65]

demonstrated that for Thatcher wheat under growth chamber condítíons the

proteín cont.ent of the grain could be controi led effectively b¡r adJusting

the nítrogen srrpply and soil moisture stress. In the lor^'er protein range

(11-162) the protein and yielcls could be increased concurrenËly, r+hile

above the 1671 protein level increases in protein content could only be

obtainecl by keepíng a growÈh facËor such as moísture belor¡ optímum for

maxÍmum yÍe1ds" Hill t62] compare<l rhe proteín conËents of hard red

spríng tuheat gro\tn in the Canadian Prafries under four different agronomic

practicese over a four year períod. He índicated that conditíons of

high moisture generally gave higher yiel-ds and lov¡er protein content,

r,rhile conditions of low moisËure gave l-oruer yíelds and higher protein

content. The proteín conÈent rvas influenced by agronomic pracEice,

moisture distribution, temperâture, fertilízer application and v¡eed

infestation. Bíngham [16] drerv attention to the general inverse

relationshíp berrveen yiel-d and wheat. protein content whích ryas foun<l in

EngJ-ish spring rtrheats and vrinter rvheats. Shebeski [109] reported

signfficant positive relationships betv¡een yield and protein of parents

and Flrs in a cliallel cross of hard red spring r,rheats. clark [28] also

has report.ed some positíve assocLations betrveen yíeld and protein content.



Haunold et al [56] conc-luded that ínf:ernal protein-fixíng threshol-ds may

exist in vrheat varieties" The Lhreshol-d represented Èhe maxírnum grain

proteÍn level atEaínable regardless of Che yield level of the variety,

and operared only in the absence of soil nitrogen limita'cions. ConsÍdera=

tions of the effect of soíl moisture on soil niLrogen avaílabílíEy rvere

not discussed by Haunold.

Schlehuber and Tucker [113] summarized much of the experimental

data concerning the effect of culËural practices on r¡heat protein and

yÍe1d" This summary revealed four main general princíples, as follows:

Firstly, with constanÈ soíl nitrogen the total grain nitrogen tends to

stay constant as the yíe1d increases" Secondlyu given linited soil

niËrogen Lhe nítrogen content of the graÍn increases as the soil- níËrogen

is increased. Thírdlyr ätry method of increasíng 5ri¿fd (shorÈ of nitrogen

addition) tencls to decrease the nitrogen content of the g::áin. Fourttrly,

agronomic practíces such as additíon of nitrogen fertilizer at heading

time can be used to increase the nitrogen content. of the graf-n. Use of

this latter practice in Engl-and l,ras reported by Bingham [16] and was

very effecÈive in raisíng graÍn protein cont,ent.

As v¡ell- as reports concerning envÍronmental- effects on protein/

yield relationships rvithin r¿heat. varieties there have been many reporËs

of sLudies of the prorein/yielcl relationships of plants an<Í línes ruiËhin

segregat.ing populations obtaínecl by crossing. Many of these sEudies suffer

from the limitation that the effects of environment on the proÈein-yiei-d

relationships could not be separaÈecl from the geneËíc effecLs on this

relationship. Horuever, Balrer et al [11] studied random lines in F7 and

FB from a síngle r,rheat cross of CT434 x Prel-ude and 'found frtiu and highl-y

sígnífíeant negatíve phenotypic and genoËypic correlation bet',veen lzield



and proteín on the plot l¡asis. Schlehuber et al [111] reportecl no

sígnificanr correlation betr¡een the grain protein ancl Ëhe yield of

ILz F4 lines Ín a hard red r¿inter \{heat cross, and suggesÈecl that this

Itras Pärtl-y due to Ëhe fact that the parent,s r,rere not r¿idely different

in pfotein content.

The performance of the segregaÈes of a cross for both yield and.

protein on a population basis depencls largely on the genotypic composi-

Lion of the trr¡o parents ancl on the linkage relationships betr¿een the

tvro characters in each of tl:re parents. As a result the correlation

betrueen yield and proËej-n i.n the poprrl-atÍon tends to reflect the correla-

tion which is found in the parents" Crosses of the type'rT.Iigl-r yíeI-d,

loru proteÍn" )( "Lotr yieldn higtr protein" ruhere.both charâcters are

coutrol-led by a multigenlc systern rnrill t.herefore gene-rally gíve rise to

popui-atíons in nirích a negative rei-ationship betr¿een yield and prot.ein

is obtained. This kíncl of cross is often used in geneÈíc sEudies of yield

ancl protein in i,¡heat

It r¿oul-cl , therefore, appear that generaLizations abouË relation-

ships betr,¡een yield and protein content cannot be correcËly made unless

the specific conditíons of the test under consicleration are knor.m.

Because of the large ínteractions betrveen soil moisture, cont.ent and

availal¡ility of soil niLrogene variety and envÍrorurental condit.ions in

cìifferenc years, a r'ride range of correlaËion values betrveen yield and

proteín ís Ëo be expected from different studíes.

The rei-atíonshi of vrheat rotein content to the brea<lrnakí ualít

ruheatof

The profound effect of protein content on breadmalcíng quality iras
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been established fcr some tirne" In a revier¿ artícle concel:ning breeding

for wheat qual-ity llehn and Barmore t59l 1íst the correlations betrueen

rvireat proteín and a rvíde range of other importanL breadmalcíng qualíty

facÈors for t¡aelve different stuclies carried. out between 1928 ancl 1964.

l^.rith one exception the signíficant correlations r^rere all positive, but

proteín cûntent alone did not account for all the quaLity differences.

Þlccalla [88] investigated the reration of loaf volume, using a

malt phosphate bromat.e formula, to ruheat protein for four Canadian hard

red spring varíeties. Data ¡vas obtained over several years for the

varieÈies Red Bobs, I{arquis, Rer,rard ancl Garnet from Coop tests, fertilizer

experÍments, f ield sampling surveys and f rom replicatecl yieLcl tria'l s

thr:oughout Alberta. The main conclusion hras that loaf volume rüas highly

correlated r^¡ith rvheat protein in al-l varieties but that the regressíon

of l-oaf vol-ume on proÈeín varied enormously betroeen varieties. The slope

of the regressíon I\tas consiclerecl to be an important varietal characteristic,

as well as the average proÈein contenË of the varíety. FÍnney ancì Barrnore

[36] confirmed these findings for both hard r,,inter anci spring r*heats and

suggesËerl a met.hod by whích the regressíon values could be used to

separate the effecLs of proteín quantity and qualíÈy on loaf volume.

VarietÍes ruíth steeper regression slopes of loaf volume on wireat protein

content \üere consídered to have hígher protein. quality. Sunport for this

conclusion is novr widespread (Thompson ancl inltritehous e [I22] , Schlehuber

et al [r12], ]lesdag [95], Barmore and Bequette [13], sunderman et al

[121]). Á.na1-ysÍs of loaf volume for samples ruith a rvide range of total
protein ís an effective means of assessing the protein qualíty of a

particular genotype.

I"heat breeders use many tests Ín assessing the overall breadmaking
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quâlity of a fl-our. Many of these tests have been developecl as being

good prerlictors of the loaf volume to be expecterl from a bakíng test, and

requi-re only small amounts of fl-our compared to the bake test. (e.g.,

Sedirnentatíon test, Pelshenke). Other tests \rere specifícally designecì

to test the rheologícal- properties of the dough made from the flour

(e.g", l'fixograph, Brabender Farinograph). A knor^¡ledge of the effect '

of total protein on the results from these tests ís ímportant, and has

been revier'recl by Hehn and Barmore t59:l . Signífícant positive correlations

betrveen protein content and ZelenJ¡ sedinlentation value irave been frequently

reported (Lebsock et al [78], Mesclag [95], ]filler er al- [96J, sunderman

et aJ- [12-i-]). Barmore and Bequette [13J índicated. that the regressíons

of loaf volume and seclimentation val-ue on protein content could both be

used for ciistinguishing betrueen r.¡heaËs in the hard red winÈer, commorl

rvhíte ancl tuhite club classes. I'lesdag t95] indicatecl tl-rat the sedimenta-

tion value \r7as a product of both the total proËein content and the protein

quality, anrl recomtnended that a measure of protein quality could be r:btained

from the specíflcsedimentation value, whích is tire value per unit proteín

content. Baker et al [11] examíned ti're relaËionship betrveen wheat protein

and seclimentation value in derÍved F7 an<l FB línes from a Lorv content,

strong proteín X Hígh conrent, wealc proteín cross. No correlation r{as

lound betr:reen tirese ttro characters, and this unusual result r¿aL attributed

to being a property of the cross.

A positive relationshíp of protein conterrt r¿ith Brabencier farino-

graph characterístícs has been commonly reporEed (Sunderman et al [121],

Ifcl{eal et qf IS:1, Pratt [l0l]). Bingiram [16] indicared rhar prorein

quality could be conveniently estÍmated relatively independently of

protein contenÈ by use of the Símon ExÈensomeËer. t{any plant breeders



12

have made use of L1're l{ixograph [27]. llixograph values have clemonstrated

a mainly linear response to increased protein cotltent (Lebsock et al [78],

l,filler et a1 t96l). In a revier^¡ of tire factors affecting flour quality for

breadmalcing Pratt tf01] irrdicated tIÌat protein contenL l\'as tlre ntosÈ important

factor affecting the ruater absorptíon of a flour. Thompson an<1 l^lhitehouse LL22l

found that all of the qual-ity characteristics they studieci, íncluding absorption,

mechanical clough nroperties and flour nitnogen content, exhibited complex geno-

type x environment interactíons. These.results trighlighted tire necessity of

testing breecling materials for quality, and for examining, relaËíonsllips betrueen

differerrt qualit¡¡ parameters, under a r¡ide range of environments.

ßecause so many of the measures usecl in assessing breadnahínp;

qualitii ai:e clepenclent on total r¿heat protein, pos:itive relationshí-ns

bet,,ueen the various tests al:e Ëo ire expectecl , ancl are f::equentl,v rePortecì

(Ralcer [11] " ..îbhlehr.iber et al [111], ]'ltcNea1- et al [93] ' I'lehn an<1 Barmore

t59] ) . ltro definite interpretations of tl.rese various interrel.ationshíps

have yet been forthcoming, other than the general índication tliat vari-

ability in qualit¡r parameters tl-rat

cluantity is- clue to protein quality,

cannoL be accounted for bY Proteín

or

of, the flour. Pomeranz [100] made

t.o investigaËe the chenícal causes

other undetermined characteristícs

extensive re-vier^¡ of rvork conducted

differences in l¡readmaL'ing potenti-

an

of

ality of r¡heat flours. In hís summary he inciicatecl a need to ímprove the

methocis used ín assessing protein quality for breadmaltíng prrrposes, if

ruheat improvement ís to progress satisf actorily. In 1968 i^Jrígle1' ¿tt¿

iloss ti32] reportecl on a factor analysis, conducted iir 1963 by Jardíne

et al [68] , of thirtl'-truo r,¡heat quality tests. They j-ndicaËed that not

more than four charaeterisEics governed the test responses ancl these
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\ùere ?rStr:ength'r, Ilarclnesstt , ttStabilityttu an<l t'Stif f nesstt. Trvo-thirds

of the variaf:ion ín the test data \'¡as aecounted for by the factor

"Strength" ruhicÏr r,ras largely assocÍated rüith protein content, and rvas

more under environmental than geneËic control. "liarclnesst' reflectecl

mainly the mílling characteristics and appeared to be heritable, It

could be measured by måny tests, each uncompJ-icated by other factors.

Ilixíng "StabiliÈy" and streËching "Stif fness" i{ete tr.¡o factors affecEing

the rheological characteristícs of the dough and rvere considerecî to be

t\^ro aspects of the qualíty of the protein. A logical extensíon of the

interpretation by hrrigley and l'foss might be to ensure that screening

tests for quaiíty ín l¡readrvheat breeclj-ng progr:âns should include at

least one test specifically suited to measuríng the effect of each of

the quality !'facrors". Use of several qualíty tests for whích the

rnajority of variation is all accounÈed J:or by a síngle factor ruould

represent a poor allocation of program resources. hlhatever the exact

biochemical nature of the "factors" might prove to be, ít is obvíous

Ëhat measurement of total vrheat proteÍn rvi1l continue to be one of the

mo-re important tests r.¡hich needs to be conducted l-n assessíng the

breadmaicing qualíty of rvheat samples.

5. The- inheritance of yield ín rvheat

Haggag [49] revíer¡ed studíes on the inJreritance of grain yield in

r,,7heat and diviclecl them int.o those rvhÍch $/ere concerned rvith yield as a

quantitaLíve cl-raracter controlled polygenically and those ín rvhích the

measurable yíeld components contríbuting to the final )'íeld had been

investigate<l independently. The rnajority of yiei-d component analysis

indícaÈed Ëhat the yielcl components exhibitecl a range from nonsignifícant
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to l-righ heritability, according to the metl-rod usecl j-n the determination,

and that they haci a variable ínfluence on final field. Thus Rosenquíst

[] 06 ] indicatecl that tl-re number of f ertile tillers per plant rvas closely

related to plant yielrl ancl r,'as inherited as a partially clominant character"

Sprague [116] reported a negatíve relatíon of both grainrper spike and

kernel rveight, vrÍth graín yielcl oer unit area in r¡heat. Shebeski []09]

found that all the yisld components rvhich he studiecl in hybrid rvheat t¡ere

significantl-.,r se¡¡ela,led r,ríth ¡rield, but that none were transtnittecl from

parenf to hybricl in a consistent manner. Fonseca and Patterson [40]

reported that the three components of yield whích they measure.d in t¿ínter

r^¡heat r,,/ere ä11 signÍ.f icantly correlatecl ruith grain rveight. Lll ilst t.he

positive rel¿rtionshi.p of many inclividual yield components tuÍth final pJ-ant

yield has l¡een establlshed it ís also clear that sígnífícant negative

corre-lations between yield components also exist (Fonseca et a1 [40],

Johnson et a1 t70]). Selection for higher expression of single 1'íeld

components does not therefore ahvays tend to result in higher plant yields,

l¡ecause of negative assocíated response of other yield componenLs, and it

has not been a suceessful selection methocl.

Attempts Ëo measure the heritability of yield have not been

parËícul-arly extensive in spring rltheats, but have 1ed to the ger:eral

conclusion that the heritabiliÈy ís lor¡ (Stuber eË al [119], Ðavis et al

t32l) " ir¡hitehouse [129] examined both the .vield components ancl fína1

yieicis in forrr English grohrn rsheats and concluded that partícular components

of f ield are of límíted use in a breedÍng program and that breecling shoulcl

be aimecl al accumulating the largest number of favourable genes, thus

treatin.g yiel-cl as an additively controllecl genetic system. llsing a
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diallel cross of sÍx winter wheat varíeties Lupton [8]-l foun<l that high

yielding capaeíty v¡as inheriterl as a dominant cl]aracter in drílled tría1s,

but in an incleterminable manner Ín space-plantecl trials, illustrating that

the herítal¡ilitv for yíelcl can be influenced by the manner in which the

stucly is conducted.

Rasmusson an¿ Gl-ass t104] described a methocl t¡hich they usecl in

two populaLions of barley for estímaEing the herltability of seven

clifferent traits, including yíeld on a plot basís, according to síx

different methods of assessment. The six rnethocls represented various

combinatÍons of number of repj-icates, number of locations and number of

years. They found that extended testing due to increase in any of these

three resulted ín a corresponding increase in the herítability for,vield'

and also for Lhe other six t.raits" They trere able Ëo use tlÌis information

to deLermlne ruhich method of ËestÍng would be most efficient for a l-ímitecl

allocatíon of resources. Baker et a1 [11] used the same methocl for

anall,zing fifty random línes in F7 ancl FB generatíons f::om a hard red

spring ru,heat. cross grolùn ín replicated roclrow plots in Alberta. They

examined tire heritability of yíeld an<l six qualíry traíts accordíng to

síx hypoËhetical methods of testing, ínvolvíng combinations of uP to

three repl-icates , t$îo years and tr¡o locaËions. The heritaL:ility f or

yield measurecl in Ëhe F7 and FB generation ranged frorn 0.47 (rvith a one

replicate, one locatíon, one year test) to 0.82 (vrith a three replicate,

trvo locaLion, t\,ro year Èest). Baker made the poínÈ that from the point

of vi-ew of praetical planË improvement herítabllity is not the onlv

ímportant parameËer but that the expected gain from selection is also

¡arttrv:.', proportional to Ehe amount of available phenotypÍ-c variabílify'

He also stressed Ëhat estimages of heritabi-liÈy obt¿Íned in near homozygous
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1Ínes (F7 ancl FB) are rnost realistic ruiËh respect to r'-mprovement of self-

pollínated species because the genetic r¡ariance in that generatíon consist.s

mostly of additive and adctitive epistatic component,s. Estimates of

herítab11ity rnacle Ín early generaEions are el-ther subject to Ëhe effects

of nonadditive gene actíon (broad sense heriËability) or requíre Ëhat

these effects be estlmated (narrovr sense herirability). Shebesl.:i t1101

suggested that improvenents in Èhe methods of testing in early generations

might lead to more favourable estiuiates of heritability for yíelcl ín

those generations.

Breakinaking quaJ-ity ís a complex physical_ character, and atrempts

to obtain ínformation about ícs mode of inheritance have therefore

generall"y been li¡nited to studies of the inheritance of those components

t'¡hich contríbute to overall quality (e.g., Inherítance of proteín content;

inheritance of milling characteristics of the graln; inheritance of

rheolo¡¡ical properties of the dough as meâsured by various instruments).

Ït is r¡ell knor'¡n that these various components cont.ribuLing to the fÍna1

breadmaking quality of. a flour are not independent of one anothero and

rhat studíes of the inheritance of síngle components are likely to be

influenced by variability due to other components. Despíte thís fact,

Idrígley and lloss []-321 after reviervíng the major effects of the n genome,

and chrornoso¡ne tD in part.icu1ar, on overall ruheat qualíty indicate-d that

a full undersËandíng of the meaning of quality and Íts i.nheritance rvould

only come from ful-l analysis of the components of qualíty. Reports on

the heritability of varíous nurnbers of these components are frequent in

the líteraÈure' but boËh plant breeders and bioehemists are a long r,ray

The ínheritance of breadmalcí tral:l-ty in r,¡heat
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from a fsll understancling of the cheniistry and inheritance of breadmaking

quality. Lofgren et å1 [80] has pointed out that the polyploíd nature of

r.¡heat and t,he strong influence oll environmenL on quality traits are l¡oth

complicating factors ruhich i-ímit the abilíty to cletermíne hotu' many genes

are ínvolved in conErolling particular quality traíts.

The mosE ímportant single component contributíng to breadmalcing

qualíty appears to be the proteín content of Ëhe wheat. Aamodt and

Torrie [1] reported in 1935 that, for several crosses in spríng ruheat,

protein content rvas inheríteci in a polymeric manner and that the mocle of

inheritance rlras readiJ-y influenceci by environmenÈ. Kuspira and Unrau

t76] shorved that for a series of rvhole chromosome substitution lines ín

ruhich the variety ChJ-nese spring ivas the recipient and the variety

ThaLcher the donor, at least five Thatcher chromosomes \^7ere involved ín

affecËing the r,¡heat protein content. They concludecl that inheritance

of rvheat proteln rvas pol1'meric, ând thaË the effects of indivíclual genes

though small r^zere not alrvays equal. Stuber et al [119] corrfirmed these

findings ruith results obtained from a lor¿ proteín x high protein cross.

protein content was uncler polygeníc control and heritabilities from 0.68

to 0.83 rvere found. Haunol-d et al [55] also reported mul-tigenic control

and Treritability as high as 0.65 for grain protein content of vrheaË' usíng

pårenËs differing widely ín protein content" Baker et al [11] reported

herítabitities for grain nitrogen conEent of spring ruheat in F7 and FB

ranging from 0,47 to 0.82 accorclíng to the meLhod of testíng used, but

<lid not make esÈimates of the number of genes involved" One insËance

of inheritance of hígh protein content due to a one ge-ne difference has

been reporte<1 by Ðavis et al [32] for Ehe Brazílian varieties Frondosa

and FronLeira. In these wheat varieties a single gene dífference accounfs
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for a 2 to 37" increase in rr'heat protein. Wíth this one exceptíon, most

l:ecent stuclies inclícate that protein content is conËrollerl polygenically,

but r,¡íth a fairly liigh herÍtabilíty (Ausemus et al [B], Lofgren et al- [80] '

Kaul and sosulski [73], Lebsock e.t al tTBl). Thompson and I'lhitehouse

11221 conducte<l diallel crosses betr'¡een a ruide range of European Ìriscuit

and breacl \!'heats gro\ùn in four locations and shoruect that flour nitrogen

content was inherite<l i.n a dífferent manner in dífferent locations'

Epistatic gene actÍon ancl epistasis X environment interaction rvere signí'-

ficant in their study, and it \\7as suggested that tests for protein content

sl-rould therefore be conductecl at. seveÏ41 l0catíons.

Everson and Seeborg i35] estimaLecl the heritabílit;' of milling

quality in a spring r^rheat cross to be 35-502,'4síng the variance parti-

tioning niethocln but 1,Jere not able to estimat,e the number of genes

ínvolved. hrelsh et a1 t128] using substítution methods shorved tl-rat

chromosomes 3D, 4D and 5D in the variety iiope contributed ro flour yield,

rvliilst for t.he varíety Tlmstein chÏoÌnosomes 38, 68, 5D and 7D all affected

flour yield. Bingham [15] invesËigated the grain milling characteristics

of progenies derivecl from single F2 rvireat grains classified accordíng to

endosperm structure. I{e concl-uded thaE the milling type of an lndívídual

graín on a heterozlrgous plant was deLermined by the genotype of the

endosperm rather than by tl-re parenË, and suggested tl'Lat other quality

componenËs might be similarj-y det.ernÍned. Hehn and Barmore- [59] also

suggested that J:or certaín aspeets of r,¡heaL qualiËy the effect of the

maternal tissue on the endosperm might determine the desirable direction

of a cross" Ì,lcNeal et al 1941 investigated ttìis proposition, using

i:eciprocal crosses betr^reen four spring lùheat varieties iuíth very diverse

rnil-i-ing and baking characËeristics. They I{ere unable to find any major
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differences beLween reciprocal crosses assessecl ín the F2 generaLíon,

eitller for rvheat proteín content, milling yield, seclimentation value or

farinograph characteristics.

Values of herítaìrility reportecl for the quality parameter se.climen*

tation value ltave usually been hÍgh, cìepencling on tire materíal usecl .

ßalcer tff l tested lines from a single r¡heat cross in F7 anC FB ancl reported

lreritabil-íties f rom 0 .7I ta 0. 90, using the varíance comDonenL method"

herital¡ifiLy of 0.66 for sedimentationSchlehuber et al" [ll1] reported a

value in a l-iard red r¿ínter r+heat cross, r"ilrilst

herital¡ílities from 56 to 60"1, in a snring rlheat

Lebsock et al t7S1 r:eported

cross. Itaul and Sosulslci

173l obtainecl ireritability values ranging from B0% to 927", depending on

the methocl oi ealculation, Ín a Sel"lcirh x Gabo r.¡heat cross. Tl-rey suggestecl

that on1,y tr'/o genes I'rel:e responsíb1e for determínation of seclimentation

value ín that cross. Jlecause of the relativell' high heritabitity of

sedimenLation value and also l>ecause of its close relatÍonship to ot.her

important parameters of breadmaking qualiË¡r thís character has been used

exËensively by plant breeders for rapict screening of J-arge populations

for identífyíng lines r.rith potential high qualíty"

llsing seríes of monosomíc substitution lines r¿ith three hard red

spring varietíes and the varieLy Chinese SprÍng, I{elsh et al t12B] r,¡ere ulable

to f incl chromosomes tvliich produced consj-stent eff ects ín clíff erent varieties

for farinograph characteristics, baking absorptíon or loaf volume. Tþey

rvere abl-e to shovr, hoi¿evero t1'raË for dif ferent strbstítuËíon series the nun*

ber of chromosomes signíficantly affecting balcing absorptíon

nanged from one, to seven: , and that one to Len chromosomes affected loaf

volune" One to three chromosomes affected farinograph stability and four

to five chromosomes affected valnrimeEer score" The actual cirromosomes
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affecÈirrg qual-ity paraneters v/ere not arr,rays ín comnon in different
substitution series. Heyne and Finney t60] reported that for a series
of crosses betr,¡een rrard red r,¡inter r¿heats heritability Í-n F6 ,.vas hígh
for rnost of the important breadmaking paramerers including millÍng yield,
baking tests and rheological tests. lIo estimates of gene number or mode

of i¡rheritance ¡'¡ere made. Baker et al [11] recently reported heritabílities
for farinograph characterÍstics ín a hard red spring ruheaÈ cross. i.Ierit-
abíx-ity for dough clevelopment time ranged. from 0.3g to 0.-59, ancl for mixing
tolerance inderc ranged from 0.48 to 0.75. These heritabilities 

'rere noÈ

consídered to be verl' high, but genetic adv¿rnce bv selection r,¡oul-ci have
l¡een effectÍve because of the large phenotypic varíance ,¡hich rvas avaÍl-
able' schlehuber et al t1-111 reported l-reritabilites in a hard red qrinter
rvheat cross in the F4 generation of 0.78 for bake rnixing time, 0.53 for
loaf volume and 0.69 for mixogram mixing time. These heritabilities r¡ere
considered to be l'righ but no estimates of gene frequency or mode of gene

action l'¡ere made. Thompson ancl Lrhitehouse l72zl i,¡ere able to d.etermine

the modes of gene acÈion and interaction ruÍth envíronnìent for six para-
meters of bread¡nakíng quality in a diarrer cross beËryeen síx European

r'¡heats represencing a wicle range ín quality. TheÍr results indicated
Ètre presence of complex genotype x envi.ronmenË interactions for mosc

quality parameters. AddÍtÍve gene action rùas found for the characters
Extensíbility, Maximum Stress and l,Iaximum Resistance (a11 three being
rheologícal tests of the dougrr measured with a simon extensometer), for
"/" bran aiËer mílling ancl for fr-our ïraËer absorption. EpisÈatíc gene

action rvas found for Ëhe t'Area uncler the curvett of the simon extenso_
meter but thÍs character shot,red ress interaction rvith environment than
other neasures of dough oroperÈies. These resulËs stressed the neecl to
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test breeding material for quality in a r¡ide range of environments"

Investigation into the inïreriLance of the l¡readmaliing q.uality

of ivheat appears to be progressing by three differenÈ general methods.

The first of these ís the gene number detennination method involvíng

conventional- genetic analysis of parents, Fl and backcross generations,

as usecl by liaul and Sosulski [73]. The second methocl is the use of the

partitioning of variance into its genetic and environmental components,

so that estimates of heritability in the broa<l and/or narrour serrse can

be made, as used by Balcer [11]. Tiris approach can be usecl in any

generaËÍon ín ¡vllích replication is possÍbJ-e, but estímates of gene numbers

are nof: al-tuays obt.aínabi-e from this rnethocl" The third meEhod involves the

determinatíon of quality parameters Ín the early generations of å cross

and then comparíson of the performance wíth Ëhese Selecbions for those

qualiËy parameters in 1aËer generations. This approach uses the regressíon

of lat.er generations on earlier geireratioïls as an approximation to herit-

a1--ilit1r, as usecl by Lofgren et al t80l . Al-l- three methods have provided

inforrnaË:lon of use to the plant. breeder, but the genetícs of breadmakÍng

quality ancl of its componenËs are still relatively unhnown.

7" General cons_íderations of breeding methods ancl selectíon in self-

pollinated crops

Ttre division of planE breeding programs into tr,¡o main types,

namely those based onttdefect eliminationt'anci those based onttselection

for yiel-cl" has been r,¡iclely recognized (Frankel [42], JosbÍ and Dharuan [71],

I,Ilrirehouse ll29l, Bíngham [17], Donald t33l). Donald suggested that a

third type of program is available by breeding f or crop icleotypes, r'rhich

are plants rvith moclel characteristícs knor^¡n to ínfluence photosyu.thesis,
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gror.rth ancl yield. Thís method involves the posítíve approach of

"character Í-ncorporaLionrt of phenotypic features r^¡hich are knor,rn to or

considerecl to contríbuËe to higher yíel-ds under specific agroiromíc

conrlitions.

As earl.r' as 1935 Vavil-ov [125] tísted 46 clear objectí-ves requíred

in neru ruheat varietiese most of r¡hích ínvolved ttcharacter incorporaLíontt.

SelecËion for particula:: phenotypí-e attríbutes in an attempf Ëo increase

¡rÍelds has l,.een used in many breeding prograns. Thus Lupton [82]

advocated the use of ph;rsiologícal characters concerned r¡i¡¡ translocatíon

and ass{milaËion rates as crítería for selection for,víeld in ivheat. MacKey

[86] also ::ecommended the physioJ-ogícal approach to selection for yield.

This coul.d be achieve<l by selecting for hfgh Í-ntensity of plant comporìents

i.rh:lch exert their maxímum effect on grain I'ie1cl durÍ:rg the peak of the

plantrs Net lr.ssírùil-at:ion Rate curve. Burror¡s 125] has used the relative

groivth rate of 74-2I day seedlings as a crí-teríoÐ of selection f or yielc'ling

abílity in oats anci has been successful Ín ísolating higher yielding lines

by this methocl" Stoskopf []-L7] recommendecl tl-rat selectíon for upright

leaf habÍt ín rvinter v¡heats would increase yield potential. In Mexico,

selection of short stra\ded, high tillering types t¡hich respond Ëo conditÍons

of high fertilizer and irrigatíon resulted in isolation of superior high

yíeldíng varieties.

Such rnetl-rods of "character incorporationtt are i-rnportant and are

uncioubtedly very effecËive, but suffer from several limitations in relation

Ëo longterm breeding nlans. Firstly, the effect of a particular character

on final yield is ofËen difficult to exactly clecerrníne, due to variability

ín oËher factors, and there is probabi.y a finite límít to the number of

such characters r+hich can be identifíed and usefully íncorporaterl into a
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varÍet)t. Secondly, selectÍon for high íntensity of certain characters

may often be associated rvith negative responses of oËher characters rirhich

aff ect yielcl (Stoskopf ancl Rer'.nbergs tfl8l ) . Thirdly, rhe breeder is

limiËed Ëo working only iuíth those traits r^¡hich have been demonstrated

to affect yí-e1d un<ler specífied agrononic conditions and r"orrl-d tireoretíc-

ally be limíted to a "perfeeË varíety" in ruhich all those traits have been

accumulated" Fourthly, the screening methocl used ín testing for one

particul-ar: character ofËen límíts Ëhe abil-íty to iclentify useful vari--

abiliyt in Ehe population due to other factors" i'{ethods r,¡hích are basecl

on "selecEion for yíeld", úsing proven yielding ability as the main

sel-ection criteríon, are. not prone to these restrÍcËions and yet do not

themsel-ves restríct the ability to incorporate desirable characters.

An approach rvhich is of ínterest to plant breeders is that of

transgressíve breedingo in r¿l-rich ner'r intensities of gíven characters nay

be created, beyond that exJ.ribited by the parents (Heyne and S¡nith t61]).

Smith [114] indicated that transgressive segregation can occur for both

complex and simpl)' j-nhe¡:Íted characters, and r,zas more likely to be found

in crosses ínvolvíng parents rvhich rrere genetícally dístantly related.

Haggag t49] inciicated that in a spríng r,¡heat cross of Pembína X Manítou

one backcross to tire higher pârent (t4anitou) increased the proabilÍty

of obtaining transgressive segregatlon for yie1.d. Investigations of

netirods which can be used in self-pollinated crops for obtaíning and

tdentifying tl're besÈ genotypes f rom sri-ngle crosses, especi-ally those

demonstrating transgressive segregation, are of great importance to

plant breeders. The methods most suÍtabl-e for símply inherited characËers

have been t¡ell documenËed in many plant breedíng texts (Á.11arc1 [2], Hayeso

Inmer and SrniËh [58], Briggs and l(norsles t19]), ancl are generally r,rell
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suited to "character íncorponatíon" prograrns" A great clir¡ersíty of methods

iras, itoruevero been recommended for use in programs in rvhich irnprovements

ín polygenically controlled characters, sucÏr as yield, is desired.

llarríngton [53i clescribed ttre pedígree and mass methods of handlíng

segregating generations from a cross. Raeber ancl Ïieber tl03] -r^¡ere unable

tt¡ demonstrate any significan'c differencs in Ëhe effectiveness of ,che

mâss or pedigree systen of select.ion for yield in fóur soybean crosses"

Torrie fL?3l rnras also unable to demonstrâte that one system r^Jãs superior

to tlie ctÌìer ín soybeans. Fre;' [44] shol'red that the mass selectíon system

r^/âs very ef fectíve in a program of selecËÍon for seecl r,¡iclth ip_ o¿ts.

CoPP [31] sËaÍ:ed that Èhe bulk (mass) rrrethod of bree<ling r,iheat r¡as abandonecl

ín lle'.'r Zealand because of íts relatíve nonproductivíty of nev¡ varietíes

compareC to the pedígree system. Lupton and ilhitehouse I84] inclicatecl

hor'¡ the mass and ued.igree systems are the tr.ro extþmes by r.¡hi,ch segregating

materíals can be handl-ed, and pointed our that success has been obtained

by borir methods" They did, i-rowever, cofiülenL on the danger of loss of

valuabl-e lines in the random sampling of early generation rnarerial by

the mass method and recommended the use of a pecligree trial meËhod of

selection, rather than mass selection, for increasing yields in cerea]s.

Iror any hybríd populaËion the cÏroice of mass or pedigree s]rstem is not

one methocl to the exclusion of the other. Breeders have clevisecl schemes

wi-rich utílíse Ehe advanrages of each (rriggs and Knowles I19]), rn 1937

liarrington [52], for example, suggested tire use of the mass pecligree

system r,¡hích combined the genetic aclvanËages of the pecligree met.hod rvith

the ease of operation of the bullc method" It is nevertheless clear that,

aÈ least in v¡heat, Èhose programs rvhich have made the most dramatic

progress ín vari.eÈy production have predominantly been primaríly pedigree
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systens (crIû'fYT in llexico, vogel in i{ashíngton, Macl(ey in srveclen)"

Hanson suggested Ín 1959 [5]-l that ln self-po11-inated crops afeer
a cross had been made several generat.ions of random intermating betiveen

progeny of the cross from F2 onnards r,¡ould tireoretically aÍ.d Ín the

breakup of undesírabLe linkage blocks, thus increasÍng the frequelcy of
desirable recombínants, incJ-uding Ëransgressive segregants. lliller and

Rar'rlings tozl supported this víewpoint wíth data obtainecl rvith cotton.
Baker lt0] undertooi( a I'fonte carlo simulation study to establisl.r hoi+ many

randon intercrosses ruould be necessary per generation in self*pollinated
crops in order to make the effects of intermating sufficient.ly ruorthruhíLe.

He concluded rhat in F2 lntermating among as fer,¿ as 30 pairs of F2 plants
rvould serve to teal-íze the expecte<l results of ranclom mating, but suggested

that Èhe method t'¡ould be most useful ín conjunction ruith a recurrent selec*
tíon scheme. such methods of random intermâËíng, the use of complex

crosses suggested by Harrington [53] and the system of progressive

improvement recomnended by Palner [99] are a1i- clirecÈed tov¡arcis ilcreasing
the ir'íthin cross frequency of favourable genotypes (Andrus t5])" This
phase of the breedíng program ís quite distinct from the p.lrase of
identification and isolation of these favourable genoËypes"

A consideration of the genetícal basÍs of selection for polygenicall-y
controlled characters is necessary if rational plant breedí¡g procedures

âre to l¡e recommended. The main pro'blern r,¡hich exists ís that for self-
pollinateci crops, such as r,rheat, Ëhe breecler is most ínÈerestecl in tire

quantitative perfornance of particular línes Ín advanced generatíons when

a high percentage of homozygosiry h¿s been attai-ned (".g., Fg generation

and later). rn these generatíons the irnportant mocie of gene acËion ís
of the fixable additive and addiÈiúe epistatiê.type, Ilovrever, in the F2
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generatÍûns ancl onI'Jards i¡r ruhích selection has to be conducted tile
relatively heterozygous nature of the population may resuj-r Ín a con-

siderable clegree of nonacldiÈíve gene action which rvill affect the ¿egree

of expression of the character. van der I(1ey t1241 suggested that because

of such gene interaction the phenotypíc value of heterozygous planÈs r+as

not a reliable guíde to the value of lines r,¡hich coulcl be derived from

them. He also inclicated Ëhat plants that might segregate valuable gene

conbinatíons after selfing could be lost íf plants, thåt r.¡ere clominant

or intermedíate for some detrímental genes, r,¿ere eJ-ÍmÍnatecl f rom heter-
ozygous populations by phenotypic selection.

van der Kley díscussed the theoretícal effÍciency of various selection
systems on poJ-ygenÍc eharacters and based this discussion on an analysis of
the effect of inbreeding on gene frequencies. He gave forniulae for calcu-
latíng the frequencies of clifferent homozygous and heterozygous types in
perfect lfendelian populatfons fron F2 to Fæ, for crosses cliffering by any

number of genes, ín the absence of selecrion and with l00Z self-fertilization.
This descriptíon of the effecr of inbree<ring on t.""rå?"ftt:"?t"ÊSan poputarions

has been rnade by otrrer authors (Arlard [2], Briggs and Kno¡ules i19l).
ven cler Kley illustrated Èhat for crosses in rvhich the parents differ by as

fer'¡ as 20 desÍrable genes the frequency of the best homozygous genotype in
F2 Ís extremely 1-oru and, therefore, that even in very 1arþe F2 populai:íons

the chance of isolating the genotypically best plant in F2 is remote. The

chance of Ísolatíng this type from an unselect.ed Mendelian population at the

end of segregation \tas higher, but still remoLe" Shebeskí t1L0] carriecl out

similar calculatÍons to assess the frequency of plants r+hich r¡oul-d contain

all desirable genes, in either heterozygous or homozygous conditÍon, in F2

and sul¡sequent generatíons for a cross involving 25 gerre differences. His
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effecÈive comparison betiveen. lines íl-l r^¡hich the genotlzpic variabíJ-ity

ís fixed. Thís system, horvever, minímizes the probabílity that t¡e

best genotype possessing t.he largest num"oer of favorrrable genes r,rhich

r'¡as avail-able from the cross r^¡íi--l be presenE in later generationss even

if it \ras present ín the F2. This genotype vrill probably have l¡een lost

due Lo Èhe random effects of l{enclelian segregaLion ín smal1 populations,

ancl due to possible detrinental- effects of natural selection during the

segregaËing generations [67] .

Selectíon in the early generations, on the other hand, irermits

cornparisons betrseen pJ-ants or llnes at a stage r^rhen the total genetic

variabílit]r frorn tire cross:i-s at a maximum, an<l the frequency of the

mosÈ favourable genotypes i.s at iÈs greatest (Shebeslci t110])" rdenti-

fícation of the, superior genotypes Ín the earliest generations ruoulcl

permit a more effícient allocatíon of plant l:ree<líng resourees (Lupton

and trdhitehouse t84l). The dísaclvantage of early selectíon is that of

possibl-e misclassÍfication of cultures due to the effects of nonfixable

genetic variation, and thls is reflected by the heritabílity of Ëhe character

å-s ÌÌieasured in the early generatíons. lJeyne and Smith [61] suggested

thaL' tile prÍmary guide to choosing characters suitecl to "early Èestíngt'

should be herítabilíty. If heritability rvas high in early generations.

testír:rg shoul<l start as early as possíble. They conclu<led tl-rat because

reported heritabiliËies for yielcl were J-oru, sel-ection f or yíeld should be

clelalrsd untíl a large degree of homozygosiÈy had been achieved. In their

plant breecling texts Allarcl [2], anct Bríggs and Knorvles t19l also recommend

this approach. Since the measure of heritabili.ty is affected by the metirod

of Ëesting, and becêuse plant breeders use such a wide variety of Lestipg

methods in earJ-y generations, variable resulLs have 'lreen obtalnecl with
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earl), generation selectíon for yield'

F2 progeny tests "ttd the tlEe-oi-uarl eneration selection in self-

pollinaLecì crops

Aslongasl00yearsagoLouisdeVilmorín[58]establishedtlre

plant breedíng príncÍp'l e that "the \'üay ro evaluate an individual is to

test its progeny". In their int.roduction to a paper on the reliabil-íty

of plant selecËion for yíeld Ín F2 McGinnís anci shebeski [89] Índícated

that there rüas a general viei+ among present <iay breeclers El-Iat selection

for yíei-d in F2 on the single plant basís rvas l-neffecÈive (8e11 tr4l)

Allard [2], ]facl(ey [85]). They eoncLucled from their o\"7I1 study of a hard

reci spring wheat cross Ehat selecËíon of particular F2 plants for yiel-d

rvas ineffective in ísolating the sttperior yielding genotypes, ìrut that

selection of vigorous, vrell tillerecl F2 plants rtas effective in raising

Lhe general yield capaciËy of the populatíon. Atkj-ns [6], rvorking ruith

barley, reported that visual selection of single spaced F3 plants for

agronomic superiori-ty l,ras not effective i-n ísolating superior )'ielding

genotypes" Hov¡ever, I(rull et al [75] in Columbia indicated that visual

selection of r,¡heat line.s on the basis of agronomic characters i'¡as effective

ín.isolating superior yielding genotypes. In tr.vo soybean populatíons

Kr""on and Torrie l77l concludecl that some progress coui-d be rnade by visual

sel-ection of higl1er yielclíng types on a líne basÍs, but ETlat thís \rrâs ftoL

so effective as selection by the criterion of measured plot yield" The

tr.ro approaches of visuaL selection of single plants and visual selection

for yield potenËial betrveen rrlant progenies are both røidely used in plant

bree<líng programs, though the evidence supporting either method is conflictíng'

In a pedigree trial ¡.rerhod described by BeJ"l- u,4l F2 singl-e planrs
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of bariey are assessecl by the performance of tireir F3 bull< progerries.

A large proportion oll the F3 progenies is cl,iscarcled and single plant

selection is practised on those retained" Llelrne and Smith t61l dre'.v

attention to ihe urriqueness of F3 lines an<l hor..¡ each represents an F2

plant and the limítations of the F2 genotype. They recommended Lhat

careful- evaluaËion of and rigorous selection beÈr+een F3 lines rvould be

of considerabl.e value. Hamil,Èon [50] suggested thaË selection for yíeld

and breaclma!:Íng quality in Canaciian harcl red spring vrheat programs could

profítably start in early generati-ons, ruith selection bett+een F3 línes.

Lupton eE al- [84] described the rrse of cubic lattice y:'-elcl trials of F2

plant progeníes in rvheat. Theír results índicaÈed that these F3 ¡zisfcl

rests led to retention of useful rirru"TÏ*,rtflr probably have been discarcle<l

if "eye jucigement" had been usecl as the selectíon críterion. Fiuzat and

Aiir-ins t39l ancl Mcl(enzÍe and Lambert [90] each r.¡orked ruíth barley and

recommended that the yiel-d of F3 lines Ìùas a relíable criterion for

selecting cultures ¡uhich rvould be hígh yielcling in later generatíons.

ì{cKe.nzie and Lambert also conclurled that the methocl t^rould lte more effective

for crosses ín rvhich the total genetíc variability for yíeld r,ras J-arge"

Raeber ancl Iùeber [103j conpared the effectiveness of the bulk ancl

pecligree rnethod of breedíng so5rbs¿ns and concluded that the gi:eatest

genetic advance in yield coul-cl be made br/ testíng F2 progeníes in replícarecl

yielcì Lrials in F3. Also r,rorkíng vríth soybeans Green and Pinnel-l 1,471

recomrnended the use of F3 family performance for assessing T2 plants,

for fíeld emergence and germination of the seed. Llrhitehotise [129] also

recommended such F2- progeny trials for ímproving yjeld in v¡heat, but

criticisecl the methocl for the physical límíEation on the number oi F3

lines i+hicir coul-ci be handlerl in thi-s manner" In Ìilorrøay, B-iaanes t18]
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obtained evÍdence in rurheat supporting the use of yield trial-s of F2

fanilie.s, for isol-atÍng superíor genotypes from segregating populaÈions.

Reconmendation for selection in F3 on a line basÍs for yíeld and grain

qual-iËy of r,¡l-reat t^¡as also made by lklínenko l7Z1 in Russia. äe stressed

the need t.o select before the ranclom processes of inbreeding decreasecl

the probability of retaÍning the superior genotypes. In work conducted

in Saslcatcher,¡an, Hurd [63] clescribed 1'ror^¡ selection of the superior lines

in a yield test of a large number of F2-derÍved F4 lines from a sÍngle

cross resuited ín isolatíon of a large number of superior yielding lines.

lle suggesteci that selection betr.+een F3 lines shoulcl l¡e even more successful .

Not al-l r'¡orlcers r,¡ho have used earl-y generatÍon progeny tests for

selecËion of quantitat.íve f:raírs have reportecl favourable result.s. Frey

i43] indicated that in Er,¡o barley crosses the performance of F2 derivecl

lines r¡as not a reliable selection criterfon for either yield or grain

test iveighË" He suggested that evaluatfon for yíelcl should not sËart

until- F4 or F5. For,'l-er ancl Heyne [41] r.'ith r¡inter r'¡heat, Atl',ins ancl

l'lurpirlr [7] rqítl-r oats, and LreÍss et al [L271 rvith soybeans have all

questioned the predictive value of test.s in Ëhe F2 and F3.

Reports on the effectiveness of progeny Eesting ín early genera-

tions for breadmaking qualit;.r of ruheat hqve, in general, inciicated that

this method is successful. The CII\C'fYT wheat program in Ì:fexico 1271

usíng the Pelshenke test on individual plants ín F2, F3 and F4 and the

alveograph and mixograph tests on F3 and F4 lines has achieved the

objective of ral-síng the breadmaking quality of Ì'fexican r+heats. F-leyne

and Finney [60] coneluded that tl-re F2 progeny test was useful in cl-assi-

fying F3 l-ines as to theír potentía.l baking quality ín later gen.erations.

The mixograph r.ras partícularly effectíve for screening F3 lines for
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potential quality, ín tlieir sËud1z. Lebsock et al- [78] also recommencled

the use oi mixogiram ancl sedir,nentaÈion value in the F3 for screening out

1ínes r¡íth desirable breadmaking quality. l{c}Ieal et al [93 j shor'¡ed that

1n a Lemhí X Thatcher r+heaË cross selecÈion for farinograph character:istics

betrueen lines ín both Èhe F3 and Ir4 generatj-ons i^las effective in improving

those characters' compared to t:ro sel.ection" Selection \r7as more effectj.ve

i.n the F3 than in the F4 . Balclrídge (llS Thesis, llontana) showecl ihat

sel-ectíon of F2 derívecl ¡,¡heat l-í-nes for favourable doughball test val-ues

in any generatíon fron F3 to F5 resulted in lines rvith super:'-or farinograph

stabÍ-lit;v and/or loaf volume.

Si-rebesicí [110] suggestecl a method ín r¿hich large nunbers of F2

plants are eval-uated blr the .perfornâ.nce of theír respective F3 lines in

both yiel-d anci baking qualíÈy trials " f3 plots are larger than those that

har¡e been reported previouslyo rvith some 750 planÈs in a tríple rodroru

plot. Rigorous sel-ection beÈrueen F3 lines is conclucted for l¡oth )¡ield

and qualíty. Suffícient seed (> 800 grams) ís harvestecl in bulk from

individual F3 lines to enable fullscale mí1ling and baking tests, farírro-

graph, sedimentation and other: LesLs to be conducted at the F3 i.evel.

The effectiveness of this method coul.d be determinecl by examíning the

performance of selections for yiel<1 and quality in l-ater generatíons, as

homozygosity roas áÈtáÍned.

9. T4ethods used by present da)¡ rvheat breeclers f or managíng earl-y

ge+eration maËeríal from wheat crosses

The recomrnenclecl procedures of breeding ancl sel-ection in self-

pollinated crops by conventional mer-hods such as the mass, ÞeclÍ-gree,

mass-pedigreee ancl backcross mefhods have been r¡ery arlequately reviewed
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in several texts (IJar::íngton [53], Allar<l [2], BrígE¡s an<l Knor'rles If9] '

Hayeso Trnmer and SrniLh t5B]). À review of the metho<ls actually bein'g

used in current rvheat breeding programs has noL been available in recent

years. In an at.tempf to obtain some informalion on this subject, Shebeslci

in 1966 circulatecl a questionnaire, entitled "Pedigree method for breeding

spring r.¡heat" t10B], to a tyorldtvide cross-sectíon of r¡heaË breeclers' The

nain objectíve of this questionnaire (A,ppendix 1) ivas to determíne sizes

of populations, methods of grotving plants and plant progenies, and methods

of selecEion up to and including the F3 generation" some of the important

resulËs from this survey of rrrheat. breeders in Carrada, USA, UÅ,R, Nerv Zealand,

Australia, Yugoslavia, Germanyo Netherlancls, Israel, Ilungary, Norway"

Mexico and Sr'¡eden are revietved in thís section'

I^Itril-st many of the breeclers surveyed were using the pedígree system

up to and incluclíng the F3 generation, several European breeclers indícated

a preference for modified bul-Ic methods in early generations. Thus Rajl<i

in Hungary \\ras using an "improved bul-lc method" in r'¡hich síngle plants

rdere visually selected for superior agronomíc type unËil the F3 generatíon,

follor¡ed b;r replicatecl yíe1-d tests in the F4, An average sízed E2

population of 48,000 plants per year was represented Ín his systern by an

average of 1,200 F4 línes Per year. In }lorrvay, Strand used a method in

rvhich many crosses \^Iere gror,üI1 in bullc trials in F1 and F2, and crosses were

díscarded on Ehe basis of their ylelcl perfor:mance Ín these tesËs. SelecLion

r,ras practísed in F2 and F3 r¡ithin tÌre besË crosses and yielcl trials ru'ere

conclucted for 3 to 4 years on the bulks derived from selected plants '

Reselection rùas practise<l on thë basis of )'iel¿l in the F5 to F7 generations'

A method simílar to Ehis ruas described in the literature b)' Lupton tB4].

Tire questionnaíre resporìse by Strand r,¡as the onl1' one which indicaEed Ëhe
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use of yieid tests of any sort prior to Ëhe F4 generatíon. ì1acl(ey in

sweden indícated that in hís own nheaE programe and in those of many

European breeders, mass selection t''as conducted until ttre F4 generation,

folior.'¡ed by pedigree selectíon tirereafter. This metl-roci iuas also used

by Zerren in the Netherlands.

I(aufmann in Al-berta indicat,ed that

attributable to Brim [23] coul_ii be used ín

From tire F2 generation onrvards, each plant

per plani until homozygosity rvas reached.

could be yield tested. Kaufmann indj-cated

reLat j.vely successf ul fn oats.

the síngle see<l descent method

breeding for yield ín rvl-reat.

tvoulcl be propagaLed by I seerl

At this time 300 to 4C0 línes

that the method had been

llith the exception of the fíve methods just described the remainíng

breeciers rvJro rvere canvassed clescrÍbed pedigree breeding sy6tems rvl"iictr rvere

very similar ín their general approach tor,rards handling rnaterial- ín early

generatíons. Thus tire number of crosses made per year r"ras in the order

of t+Ð to 50¡ T.ür'-th a maxímum number of 10000 crosses per year made in the

Ì'fexican program of Borlaug, F2 planËs r¡ere in all cases gro\,¡n spaced ouË,

anci the number of F2 plants per cross r¿as usually quite large, trangi¡g

fron 4.00 to 10,000. Selection betr,¡een F2 plants ruas rígorous in al-l

progrâms and trras confinecl to those agronomic and morphological characters

¡uhích r'.re-re simpl)' inirer:'-teci (".g", Resistance to diseases, strâ\,¡ sËrengtl:ì,

height, alTrìedness, etc.). Borlaug in ìtexico r.ras the only breeder v¡ho

inclicated the use of tests for qrrality on- F2 pJ-ants, using Pel-shenke

vâlues and proteín tests as a prelíminary screenÍng for irígh br:eaclmakÍng

quality potent:lal . rn l(aqsas, Heyne indlcatecl that the l'2 progeny test

merhod r+as useri in the r,rheat progrâm.

In nearly all prograins, selectecl F2 plants rùe-re cont:'-nued ínÈo F3
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â.s lreâclrol7s. These r¿e-re used prim.arily for observatj-onal purÐoses, \,¡ere

suitabl-e for selection of agronornícallv superior plants r,rithi-n ro\,is, and

\üere not intendecl as a prelimínary yield trial. The number cf F3 l-ines

per cross was vefy varÍa'ble, ranging from 10 to 1r000, i+hilst the Eotai

numl.er of F3 lines grol'In per year rangecl frorn 6C0 to the 20,00C of Schnriclt

in lJebrasi<a. Tire use of these F3 nurseries as observat.ional rather tiran

yielcl trials obviclusly had a considerable effect on the tdây irì rvhich

individual F3 rvere seeded. Thus, few of the breeclers used F3 plots r,¡hicir

¡vere solid seeded (clri1led) at rates r,,rhich v¡ould approx:i"mate agricultural

conclítions. Selection of single plants v¡ithin sucir solicl seedecl stands

¡¡oul-d be very clifficult" Some l¡reeders, incJ-uding Kate Ín Ëhe }ìletherlands

and l.ieyne in l(ansas, \{erð using headhill-s for seedi-ng the F3 generation.

the number of plants r^¡ithín eacir I'3 line r¿as ín all cases fairly small,

ranging f rorn 10 to 250. Because of this 1imí.tation, F3 pJ-ots ruere either

síngle ror'¡ed, or multí-rot,ted p¿l'-Lh rorvs coneainíng ver¡z feii planÈs at a

r"ide r.uÍLhin-rorv spacin65 (e"g. o as usecl b)' t{ohamrned in the llAR). gsr"rg¡¿]

breeders, includíng Heyne in Kansê.s ancl l'{cNeal ín ilontana, used single

ror'¡ F3 plots in several locatíons.

The most comnon spacing betr,¡een ror+s and betr,reen F3 plots r,¡as 1

foot. The frequency of the conËrol plots in the F3 nurser:i.es ranged from

l" in 3 (lfohammecl, UAR) to l in 200 (Campbell, Canada) r.¿itl: a mean of

a'oout one conËroi- per 50 plof s. The selection pressure in F3 r.ras f airly

lrigh in all prograns, r.,Iith a maximum of 307" of the F3 l_ines retained in

the program of linoËt, ín Saskatcher,¡an. The number of plants sel-eclecl

r.¡íËhín F3 lines r"as in all cases very sma11, ranging J:ron 2 (copp ín

lilerv Zealand and Ephrat ín Israel) to 40 (Schmal-z in GermanS') " In nearl.y

a1l prograrns the criterion for selectíon in F3 i.¡as mainly visual assessment
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for clesirable agronomic traírs on the líne'basÍs, follorued by víéua1.

selection of single plants r¡ithin lines. In programs in Ner^' Zealand,

Yugoslavia, Germany, Israel, Ilexico and the USA prelíminary screening

and selection for potengial breadnakíng qualit) Ttlâs also conclucted in

the F3 generation. Because of the relaLively sma1l guantities of seed

avaÍlal¡le from si-ngle F3 plants, or from bulics of fai-rl}' small F3 plots,

only qualitlz ¡."¡" requíring small amounts of seecl v¡ere used ín tl're F3

generation (e"g., protei¡ content, sedimentation test, Pelshenke,

nixograi:h) .

I,lhilst concise summaly of the resulLs of the qttestionnaire

círcuLated by Shebeski is diffíeult it r,¡as o'ovious that, of, those breeders

questíoned, very fetu r+ere engaged ín rnethods rvhich \{7ere specífícal-ly

orientated tor,rarcls selectÍon for yield on a quantiËdEiûe basls in the

generations prior to F4. Emphasis in most programs \das on the vísual

selection of síngie plants ancl/or línes untíl the later generations rvhen

yield testing \^ras started (e.g., Borlaug's program in Hexíco). Tn the

F3 generation, the fírst generation in r,ilrich yield testing of lines could

be con¿ucted, breeclers ,r¡ere aPparently not concerned in obLaíning estímates

of the yield potential of F3 1ines. In most of the F3 rlurseries little

aËtempt rvas made to organize F3 seeding rates, plot shapes or control

pj-ot frequencies such that reliable yield estinÌaÈes could be obtained

in F3.

Strebeski [110] suggested that many of the methocls ruhich i'rere

used at that time r,rere llased somer^'hat on tradition, and l¿ere the relics

of systems use<| rvhen l>reeders ruere rvorltÍ-ng prirnarily r'liih símply

ínherited characte.rs. He suggested that in programs t^¡hich tvere designed

to íncrease yield (considered as a quanLitaËíve clìaracter) a system of
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handling early generations rüâs requfred ivhich \,/ã.s more c1ose1-y relatecl

to the genetlc expectaÈions for quantítative characters segregatíng in

the early generatíons of a cross. Shebeskí recomnende<l the use of i-arge

r"-ithin cross populatíons at all st.ages fron F2 io homozygosity. F2

populations r..üere space plantecl in the i.rínter ín Mexíco and selectÍon

practised l-.ettveen plants for agronomic characËers. Individual. seLected

F2 plants r.¡ere harvestedu each provícl.íng a large amounË of seed. A

fÍrst crítÍcal assessnent of lines fos )'ield and breaclmaltíng quality

rvas conducted in the F3 generatíon. As many as 1,000 F3 lines per

cross \,rere recomrnended, ivil-h each F3 line being gro\,/n ín a large 3-

rodror.¡ plot. Seecling rates approximatecl tÌrose used agricul-Ëura1ly, and

duplícate F3 nurseries ruere planted for lines whÍcir had sufficient seed.

A.n improved design of F3 nursery plots and a nursery plan using frequent

conËrols \,¡as suggested tirat would provicie a better method of assessing

yÍeld at the F3 level-. SeLecÈion at the F3 leve1 r'ras strictly betrveen

Lines, on the basis of yield performance anci bakíng quality of the F3

iíne, and less t}ran 5% of the F3 lines would be retained. Each selected

F3 r¿as increased by a Large number of random F4 spaced plants grorvn in

i'{exico during the rvinter. Reselect,ion of single F4 plants f or agronomíc

desírabilíty ivas pract.ised and each F3 roras thus represented in the follor¡-

irrg year by 50 to 100 F5 lines grown in large plots, ín the same r¡/ay as

the F3. The effectiveness of the method reconmended by Shebeski Ín 1967

had not. been invesÈigaLed ín detaÍi- at that Ëime, and further results

from Ëhe use of the system ldere clearJ-y desÍrab1e
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Appendix 4

(Tire candidate urishes to índicate that, rvhílst all of Ëhe experímental

materials used ín this projecË rùere obtaíned from the thesis program,

the investigaÈions descríbecl ín Part I of this paper l^¡ere noL part of

that program.)
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se.lectíon io:: yielri ancl l.:readma'king qualitlz 6f

n Þ-.: ^^^L- " j) r Lr" i:i5 .

ABSiR¡,CT

A three year studv \vas concìucted to

sele.ction on the unreplicated l-íne basis

f or breaclmaliing qua1i-ty. llvaluation of t

examine the efíectiveness of:

F3, f or yieldíng aìrilit,v ancl

e-f fe-ct of selectrlon i-n three

IN

he

different F3 populations r.¡as aclrieved for tr;o yield paralìleters and four-

teen qualíty paraneters by examiníng the frerformance of the selections

in the follorving year in replicated F1+ bulic yield tríals, and as popula*

tions of F5 lines. Breadrlaking qualíty \ras assessecl by fourteen tests

ínclucling bushel r'rei65l-rt, 100C kernel r¡¡eighi:, rvheat protein Ðet:centage,

millíng ancl f lorrr characteris tics , seriinentatior: val-ue , two b::eacl--ì:aliing

t.ests ancl Brabender farinograph cÌ-¡aracterístics. Tire only qualiËy ¡rara-

meters for tuïricir the mean performance of the F5 populations could be

consistently predicted from the F3 were i+heat proteín percentage ancl

farinograph cÌ'raracteri.stics, excl-uciing farr'-nograph mixing rolerance index.

Por ihe other quality characlers sÍgnificant clífferences r¿ere found betwe.en

tlie F5 populations but these did not relate to the pe::forrnance in F3. 1',

preclictable positive relationship l¡etru'een the yielci ol- F3 plots and the

mean yiel<l r:f F5 poplrlations rùas founcl in on11' one oi the three years.

In tire other l-\"Io years the rel.ationshÍp iletv¡een F3 ancì F5 yielcis rangeil

fron nonsi.gníiicant to hígh, negative ancl s:'-gnificant. The resul.ts

obt¿rineC in the latte:: tr'ro years \'/ere- possibly related to the fact that

only a relativelj¡ nâjrror.^r high yieldíng range of the t.ota1 F3 ;zielcl

sPectrua r.ras san.rplecl in eacJr of tÌrose years. In each of tTre three vears
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the ìri¡illesi yielcling F5 nopulations \rere rierivecl from F3 .l-ines ruii:'ch r,,ere

itigli yielcling o¡ a p1-ot basj-s arrcl also very 1-ií-gh yielcling rel-ative to tÌre

l¡ie1d of tireir adi¿tcent contrcrl ín the F3 nursei:y. TIie highest yieldíng
F5 populations r./ere not ol¡tainecl iroin the lor.¡er l¡j_el_dÍng F3 lines.

Eviclence :¡as obtaincrl , from F5 rurseries gror+n in t6ree díf ferent
yea-i:s, tiiat a yielcl testing metÌrod rrsin¡5 I,ielcl clata frorn contiguous

control' plots gave ver)' similar results to a cojt.ventional experinental

design in i'rhí'ch clata from control- plots r¡as not rrsecl . Data from one )¡ear

of tesÈj-ng also illustrateci that the envi::onmental effects on the yíelcls

of F5 lines, cl*e t'location, coul-d. be nin'ínísed by the use of yis_r¡1 d*¡,
from contÍguous conËrols 

"
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Increasing attentioir has lleen pai<1 blr ¡1or'ta l¡::eeders during lîecenL

:'7eârs to tl're various nethocls rvhích are being use¡l ín tÌrc, breedíng of irrproved

varieties in the sel-Fpoll..lnated crops. This re--e:¡amina.tio¡r. of nethoclology

and the quest for norr¡ ei.í:'-cient breecling systens has been nainl5r orielltateci

tot'¡arc1s irlprovenients in quantita'cive11.z cleter^¡i.rined genetic cirar¿¿cters. Tiyo

f¿rctors of overrj-dirrg :Lmportarice in breecling hal:d red. spríng i+ìreats for thr¡

CanacJian prairies are grain yield and breadnial:ing quality. lonal-d i14]

iras indicatecl th¿;-t a.11 breeding progralrs cArì be cliv:Í-Ceci into Lwo groups,

Ehe f irst group consisting of programs ¿ìirned at "def ect elj.nr.inati on" and the

second group wliere the basÍc proceclure is "sel.ection for yieiclt'" E:<arn1:J-es

of objectives in "defect elimination" are Lrreeding for specífica1l1r defined

ch.ìracters sucll as droriglit and disease resistance, and lodgÍ-ng resistance,

B,v contrast the objectives of "seleci:ion for yield" are t.o icientify superior

genotypes r¿hich gi-ve reliabl.v high lríe1d at the producer leve1

of any preconcieved notions of r.¡hat the spe"cific physiological,

logical or derzelopmental features of those inciividuals ought to

Selection in a progran of tl-ie latter type depencJs nainly on tl'ie

rega::d1-ess

rnorpiro*

proven

,vielci performance of lines gro\i¡t-i in the fielcl uncler conclitíons similar to

tirose f ound agriculturally. Ii ís ínto this seconcl grou¡r , <1ef inecl by

Doua1c1, that a pecligree l¡reed:i"ng metliocl suggested in 1-967 by ShebeshÍ 126l

fal1s .

Shebeski coni¡renied on tire geneticall¡r quantitative nature of yiel<l

and suggested that "any gene tllat is involved in the cT.evelopileirt of Lire

nlarrt rLust l¡e considered a irigld gene". In tireir revielv of the genetics
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of r"'heat

clevelopecl

,-u,)

supported tlre viei.rpoínt that al,1 the cirronosomes

irave soue influence on yield. rt \\7es on thís basÍs tliat shebcsl._i-

a genetic r:iode-l- íllustrating the expectecl freqr-iencie_:s of clesír_
aille gerrotypes in later generat:ions for crÕsses betrveen païents <Jif fering
b¡' up to fifty unlÍnicetl genes for 1,ield" TÌre clevelopme't frr:m this nioclel
of an optiinal pJ-ant breecii'g proÍrram usi'g early generation ter;tÍng For
yield reqrrirecl the assumpiion that the important rnocle of ge'e actÍon for
tilis character is additive ar:cl/or aclclitive epiGtatíc. Tiri.s assu.r'tion is
frequeirtl)' macle in rnoderli'g stucries of this rtind, as for exampJ-e b;,

Balter [4] ancl Van <ier Kle¡z f27l "

Research b1t nany rvorlcers iras indícatecl that the inhei:i-tance of
overall breaclnial<ing quality is quite compl-ex. some r¿orkers have beerr al¡le
to isolate simple genetic systerns controllíng specific facets of quality,
for example the 27 advantage in protei-n for the s. z\merican varieties
Frondosa and Front¿.rira reviervecl b,v VíJ_legas [28] an,i consiclerecl to be clue

to only a single geire clifference. lloraever, tire najority of results indic-
ale that qualÍt5z is polygenically control-'l-ecl . Tirj-s; was pa.rticularly ii:c1ic-
ated by the ti'ork ol- Iùelsh. et a1 [30] using substitution methods l.;ith three
different varíeties of r¿heat" The number of cirromosomes sígnificantly
affecting qualíty in theír study rangecl from one to sixteen for: the three
varíeties and the chromosomes involvec vere r:ot alr.rays in common. Their
conclusion v¡as that therê \{âs litt1e uniformíty of t)re location of
genetíc factors affecting flour quality in clifferent rrrheat varj_eties. on

the basís of this kind of inforrnation there :'.s therefore con.siderable
justification for treating breadrnahíng quaLíty as a porygenically control-l.ecl
system ín tire same r.^¡ai¡ as for yíeld. The::evi.sed netrrod. of pecrigree

¡\us ei¡us et al [3]
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ì:reeciing sußgesteci lty Shcbesici uses this app::oach anci j-s clirected specific-

a1J-1' Lorva::cls an initía1 selection for the t\ùo quantítative characters

yield and qu.alÍty in the F3 generaf:ion.

)'!any studies fiave been nade io i-nvestigate the r+orth of selection

ín earlier generationsr r¿hen it j.s l',n-or¡n that nonfíxable heterozygositl'

and complex gene ac*uion may be very sígnÍficant in contribr-rting a large

anount to i:l-re tot¿Ll phenotype. l"Íac}(ev has indicateC the possíi.;le hazards

of ti-ris methocl l22l " ancl the problern of identifying in a híghly heter-

ozygous popul-ation indiviciuals r^,'l-rich r,¡i1,1 ha-ve- the- greatest potential in

their Ìromozygorrs condition í¡r later genera-tions. As Bell [7] very cl_eai:h'

pointecl out, anl¡ atte¡rlpt to use early generation selectíon nethorls clepends

on tl:e assumptiorr "that there is sound genetic basís for conclucling that

tire performance orl iromozygorrs segregates ín later generations can be

estimated by tl'Le )'ield of early genelation selections". In breeCing for

high yield in early generatÍons most r.¡clrhers have founcl tliat genotyire

b)'environment interacLions on spacecl single plants from the F2 generation

ontrrards ltave been too large Lo allorv effective selection on the single

plant 1¡asis (8e11 [7], Allard [1], Briggs ancl I{nor^¡les t10l). Because of

Ëhis factor the most effecLive early generation tests are líke1y Ëo be

those t¿hich use the perfo'rnance of síngle plant progeníes as tire criterion

for identifying the most rvorthi¿hile portion of the population. In tire

pedígree trial metirod descríbed by ße1l l7l F2 single planrs of barley

are assessed by tl-re perf orliance of their F3 bulk progenies, ruhere each

progeny consists of from lr0 to 45 plants. A large proportion of the F3

progeníes is cliscardecl artd single nlant selection is praccise{ o¡. those

retaíriecl . T-,upton et å1 [ 21] have clescribed Ëhis rnetho<l in t,¡heat, usíng
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l:eplicated cubj.c laitice trial-s of F2 pt ant progenies. Their resul_ts

indicat'ed Lhat tire use of such early generation 1,'ie1<i tests in F3 resuitecl
in tire isolation of useful cultures r,'hicir r¡ou]-cl proi:ably have been clís-
carded if t'eye judgenrentt' alone iratl been usecl as th.e criterion of selection.

Fiuzat and Atltins [15] r'"o::hing ruith barley reconnenclecl that, irecause of
tl-re relatively lorv lieritability of yield, selection for ]¡ield shoukl be

based upon progeny tests ratl.ler than upon inciiviclual plant values, both

in F3 ancl in later generat:'-ons" Ifcüenzie and Larnbert [23] cletemined

Ëhat, for one out of trvo barley crosses they examinecl , tire relationship
l¡etrveen the F3 yíe1ci pei:formance on a line basis anci tlre progeily in F6 r,¡as

rrerygood. Their nain conclus-ion r,¿as Èllat crosses betrveen varieties
differíng very little ín yielcl genes r^¡oulcl likely noE l¡e suitecl to early
getleration testing, 'but that tliis rnethocl rvoul<l be very effect:'_ve for
crosses involvírrg a rvicler genetíc base" ij,esults obtained in so_vl:eans

by Raeber arrcl I'Jeber l25l comparing tTre effectiveness of the bullc ancl

pedigree metirods of breeding also inclicatecl that tire greatest genetl._c

advance for yield could be made by testing F2 <lerivecl lines ín replicated
trials in the F3. i'Ihitehouse [31] has recommencled the use of F2 progeny

trials ior asse'ssing yíelding abiliLy clirectly, fo1lor,¡ed. by plant selection
of superior agronoroíc types '"¡ithin the liigh ;vielcling progenies. llis only
criticisn of the methocl has been that only relatível), feiu progenies can

ire e:lamíne<1 Ín ihis rtanneru the amount of r¿orlc inr¡olvecì severely lÍmiting
the size of population r'¡hich can be hanclled. In Ìiorr,ray, Bjaane,s IB] nacle

a critícal reviet,¡ of trrheat breeclÍng meLhocls anC obtained evidence Jlor

supporËíng the use of yield trials of F2 progenies, for isoJ.ating superior
yieldíng genotypes from segregaËing popul-ation.s. Not all ¡vorhers have,



agreed.Jith these concl-usions ín favour of lt2 progeny .[ests

I{e5'¡¡s [ 1(r ] r+ith rrJleat, Atltins an.ì ]{urphy I2 ] ''¡ith oats ancl

[29] r^¡ítir soybea-ns have all quest-ionecl tlre nredicLive value

the 12 and F3.

value ,ln the lr3 for

by i'fcl'treal et al t241

tõ
¿t i)

. Forvler ancl

\rreiss et al

of tests in

screen].ng Out

i-ndicated that

Considerabie research eJ:fort iras 1¡een clirectetj I-or¿ards evaluating

the utilil-.v of early generaiion selection for com¡rlex quality cha::acteristics,

suc.h as breadmaking quality in r.rheai and malting qualít1z ín barley. The

main problern:l,n tÌris area has been one of devising reliable microtests

r.¡hich can be usecl rvith the relatívely small quantiiÍ-es of seed r,¡hich are

usual'l y ava-i1able in the early generatioirs of a ped.igree breedÍ.ng pt:ograin"

Large numbers of sucir tests are nor\7 a.vailable and are being useci exten-

síve1y in lvheat breedíng Drograms throughotit the ruorld. Tire CT¡{i'lYT progran

in |{e><ico [13] using tire Pelshen.ke test on indir¡idual plants in F2, F3,

and F4 anC the alveograpl-r an<l mi:iograph tests on F3 ancl F4 línes has

acl:ieved the olrjective of raising tire breaclmakin.g qual:lty of ì{exican wLieaLs

Heyne and Finnei; []-9] tise<i tho F2 Drogeny test to stucly tire quality charac-

teristics of Jrarci recl rvinter &4leats and relaled iirem to per:fornìance in

later generations " TJ.rey concluderl that Ehe nixogra¡rl'r (reqrriríng some 20C

grans of seecl) v.ras more. reliable tha-n tire i+heat neal fermentation time

for classifying F3 1Ínes as to their potentíal bal<-ing quality in later

ßenerations. They recolnnrenclecl the screening of Í3 lines for qualit)' usíng

the mixograph test but indicat.ecl that

r¿ith f ul 1 rnilling ancì baking Lrials.

the use of nixograph ancl se<límentation

lines rn'itir desirable qualiry. i\. study

iire fínal analysís coulcl only be rnacle

Lebsocl,i et al [20] al-so recommencletl

f.or tarinograph chat:acterisÈic,s selection in the ll3 and !/+ generations in
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a Lemhi x Thatciie:: r¿heat cross r¿as effective in inrproving l-hose character-

istics' conparecl to no selection. Seiection v/as more eífecEive in tire F3

Èhan in the F/+ generation. Ir'r their review "Breedi-ng r.¡heat fo:: qualitS"'

ilehn and Barmore [13] describe results obtained by Baldricige (ií"Sc. Thesis,

)fontana) . Ile shorved that seiection of F2 derived v¡heat lines for favour-

able doughball test values in any generation from F3 to F5 resulte<l in

lines rvith superior farinograph stability and/or loaf volurne" Further

unpublisheci clata from that stu<1y índicated that the greatesË numl¡er of

good quali ty selectiorrs ¡iade in the F5 origínatecl from super:ior F2-derived

iines.

In the n'rethocl of pedÍgree breeding for r'¿heat suggesteci by Shebeski

l26J large nurnbers of F2 planËs are eval-uaÈeci by the perfornance oí their

respective F3 lines in yield ancl baking quality trials. The F3 piois ar:e

laïge, consisting oJ: some 750 plants per F3 line, and the F3 se::ves as the

fírst generat,ion in r.¡hich selectíon íor )'ield ancl quality talccs piace.

Suf¡licient seecl is ol¡tained frorir an F3 plot harvested ín bulk. to a1loi,¿ the

use of very extensive quality {:est.s. Iiíth F3 ploÈ yíelds of Ëhe order of

10C0 grams or more considerably more seed ís available than has ]¡een in

ot.her breeding progrãms, rvhich were therefore restrictecl to tile use of

microtests llor rluality in tl're F3" Às a resuì-t, fullscal-e mílIing anci

baking tests as rvell as farinograph, seclímentation and other tests can be

used in F3, the complete qualii)z arialysis requiríng 800 grams of seeil.

It t¡as considerecl by Shebeskí that at J-east part of the reason for

the reported loiv herítability for yield in earlier generâtions ruas due to

the manner ín r¡hich tr're earlier generations had been gror,'n" For example,

l-ímitations in the anount of seecl avar'-lable f rom spac ed F2 plarrts in
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conventional pl:ograms automatÍcal1.y lir,rítect tÌre size af F2 progeny pfots,
ancl tirese t¡ere often Srol'm as single ror+s acljacent to one another. Ll*cler

Ëhese circumstances, ínstances of interplot competition and genotype

interaction with ruethods of seecling anci environment r^rould all tend to
recl'.rce ¡:e-l-at-rlonships betiueen tire F3 yielcrs a.nci trre ,vields of j¿¡s¡ genera-

tions gro\rn in conventional pJ-ots of the four rodrory solid stand type. rn
an effort to minirnise interpJ-ot conperr:-tion and to ovei:cone Èhe sampling

effects and larger erl:or of small plots shebesl<i adopted a three roclror,r

plot for the F3 ]'ielcl teste rvith plots separatect by 2 feet, a seeclíng rate
equivalent to commercial rates, and 6 inches beiween tlie ::or¡s r¡i-th:.-n a

plot" z\s a further aid ín testing the yielding abílity of the F3 lines,
control plots of a single reconrmencled variety rvere planted as every thircl
plot throughout the nursery. Thus each F3 line r.,Jê-s gro,;^m adjacr:nt Lo a
constant control- varíety, the latter servÍ,ng ä.s a measure of the hetero-
genei Ëv f or yield and qualíty potentía1 trrroughout the nrrrser.,¡ (Bríggs

and Shebeslti [11], Br:'_ggs, Bus]*rl< ancl Shebesi<i [9]). Baker [5,6] has

been opposed tc this approach of using extensive controls, rna-inly on the

basÍs that the anount of advantage gainecr by using cont::ols <1oes nct
conpensate for the extra amount of r.¡or1¡, involved" Certainly ¡1r* use of
extensírre contröls shor:ld not be consiclered as a systent superior r:o proper

replication, but the lai:ter ís not alI,'ays possible in F3 due to insuffi-
cíency of seed 

"

rn the light of the rather conflicting eviclence concerning aJ-1

phases of earl¡' gel-Ieration selectíon it iuas consiciered of iirteresË to
initiate a study to evaluate as far as possible trre l¡ree<iing systern

suggested by shebeski in L9'o7, The purpose of this three year study r.ras
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tlireefold: r'iistly, to e>laniir"re ho-,'r ef fecti-r¡e tire seleciion of F3 iines
classifiecl as superior for yielding ability would l¡e -in ierns of perfori'--
ance in later geDerations (F4 ancl F5) ; seconcllyu to sinul.tarieously do tire
same stucly for J-¡read¡:lal"ing qualÍty, rvirerever possible; Trrirdl)¡, io i'ake
some attemp'c to gauge hor¿ reliable tire exte'síve control sysien is i,' aídirrg
early generatíon selection, for .both yielcl and quality,
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J!ßTNR-IÄLS AI'ID ]IIETIIODS

Yield data on a single plot basis in the F3 generatÍon rv-ere obtained

for different F3 popuJ-atÍons groh'n at the University of ltanitoba in th::ee

different years, l-965, 1966, and 1967. llffectiveness of selection for
yield at the F3 leveI in any one year \üas assesse<l by the performance of

F3 deri"ved selections ín the foi-lorvíng year, both in a replicatecj l¡ulk

F4 test and by the mean yíeid of a population of F5 lines randomry clerivecl

fron the F3 selection. The effectiveness of selection for breadmal.-ing

quality in F3, in the t\to years 1965 and 7966 , rras assessecl by both bullc

F1r tests and F5 populations, gro\ün in 1966 ancl l-967 respectivellr" A

similar study rvas macle for total wheat protein using the F3 population

gro\'in in 1967 and assessing the clerivecl F5 populations in 1968. The F3

populatiorls \tr€re different in each year ancl t.he methods of grorv1ng them

variecl somei¡hat from year to year.

ilith the exception of the 1965 F3 nursery and the l-966 bultr Ti4

trial , all plots seeded for yielcl <leterninatioi:s \{ere Ëirree rorved, rrrith

6 inches between rows i'¡ithin a plot and 2 feet betr¿een plots, malcing a1

effective plot i+iclth of 3 feet. The seeding rate v/as constant at 250

seeds per roll drilled over 18*1 /2 feet, ancl plots r¿ere trimrnecl to 116-L/2

feet before harvest. In the l-965 F3 nursery and. in rhe 1966 F1+ bul-k tr:ía1

sinilar seeding methods ruere used except that 2 rov.r plots rrere rrsecl similar
to the 3 rol¡ ploi:s but ¡vitir tire center ro\.r absent.. The F3 nurseries in
all three years \rêÍe orgänísed in ranges ín such a lïanner Ëhat ever), third
plot r+ithin a range lüas a control plot (Fernbina in 1965, Ifani-tou in 1966 ancl

an F3 bul-k control in L967) seedecl in the same i./ay as the F3 lines " Thus

each line rvas gror"ring adjacent to e consÈant control variety. All nurseries
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I'rere harvest-ec1 Ín rheir entirety. For grain yíe-ld determinat:Lon entire
p1oÌ:s ¡,¡ere irarvested at inaturity, tÌre sampl_es Criecl on racks in an air_-

cir,ving roorn, threshecl in a Vogel tirresher and wsighed.

Extensive use \^ras rracle of ¡+inter nurseries grown at the CIl.ßfyT

researcir statíon, CÍudacl Obregon, ì{exico cluring the program and Ín each

year these nurseries províded the matetia.l. for the F3 arrd F5 tr.Jinnipeg

summer nurseries. The use of space planted F2 and F4 generations ín

ì'lexíco cÏuring the t¡inter all-or¿s at least tr¡o advantages peculiar to this

meËhocl of handlÍng early generations írr pecligree breeding. Firsrly, ri'inter

iucreases pernit an acceleratecl breeclíng progïarn r,rith tr,ro growing seasons

per year and the productiou of excelient seed sampres from lfexico.

Secondlyo ancl rnore importantly, suffÍcient seed ís produced on the single

F2 and F1+ planÈs uttder conditions of high ferriliËy and r+icle spacing to

enable large Ëlrree ro\{ecl yielcl olots Lo l¡e groirn. ín F3 ancl F5" T¡e largest

nurnber of seeds produceci on a si.ngle plant ín an1, of the }lexico nurse:::.-es

rvas 1+000 ancl plants r¡ith over i500 seecls vJere common. Âs a result of tllis

fact duplicate F5 irurseries conÈainíng those F5 lines rvith sufficient seecl

\r¡êrê soü/ri at the Glenlea Research station j-n eacir of ttre three years"

Ilnfortunatel.lr nqn. of these Clenlea nurseries ruere harvestecl , dr.re to

inclernent harvesting concliLÍ-ons " I'Lorveve-r, in 1968 the Glenl-ea dupJ-ícates

for Ëhe best nj.ne F5 lines f_or;'ield in the Universj.ty of lfanitol:a nursr:r;r

I!7ere harvestecL, r+íth their acijace-nt Manitou controls, The yielcl performance

of these nine línes in the tr.¡o locati-ons rvas compared.

ïn all nureeríes gro\\rn, either in llexico or Idínnipeg, coriiplete

rrotes i,,ere liept on the. agronom-ic feaÍ:ures of ali entr-Les. Exiensive

analysis of ihe yíeJ-cls and qualil¡r of the control plots ín the ¡3 and F5
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ilursei:ies \'/as uncleri¿rJten and ii¿rs been previously reporte(i (Briggs et ¿r1 [1] ],

Busiiuit et al I12]) " This int-ormationu desc::il".iag tr,re areas in. the nurser)i

of potentially high and i-ot'r yielcl ¿rnd of potentially higÌr and 1o¡.,.¡ rvireat

qualiÈiv' \rras used to he1"p in assessing tire true yiei-d and breaclmaking quality

potential. of aä inclivídual lirre gror,ring in a pariicul¿rr part of the nursery.

1. _ÌÍeth.od of selectíc;n in the F3 ge.neratíon

All mate::ials used ín this program rvere derivecl from one of Èruo

r,¡heat projects" In 1965 an<i 1966 the F3 arose fron the University of

lianitoba hybricl ivheat project, and in 1967 the F3 rvere obtaineci fr:om a

study concerning the ability to select for yisl¿ on the síngle plant basÍs.

The cliversity of origin of the vaïious F3 populations i.Jas nol consi<1ered

to have any lirníting effect on the ability to study tire effectiveness of

selection aìîong F3 1ines.

TÌ'¡e 1965 F3 nursery cor-rsisted of 180 F3 plots from fourteen different

crosses" Af ter yíe1d cleterminations vrere conpleted tirÍrty l-ines rvere

selected, representíng the r,¿ide range of yielding abiJ-ity of the F3 o1 tire

single plot basis" For each selection ;rielclíng capacity r/¡as assessed by

both tlle actual grams yíe1d of the ploi and by the yield of the plot as a

percencage of tire yíe1cl of the adjacent control. Seecl from each of the

selectecl lI3 1Íires \,/as testecl for overall breadnaking qualítyn using four-

teen iests of quality as desci:ibecl p::eviously by Briggs et e! [9] " These

Ëests included determínatioir of r.¡treat proteín, bushel r,reight, 1000 kernel

rveÍght, riilling cltaracteristics, seclimentation value, farinograph character-

istics and two balcíng tests, and requíred 800 grams of seecl. Reselection

l'Ias pracËisecl on the basis of the quality results, so that 11 F3 selectíons

i¡ere finally retaíned rvhich represented as r.¡íc1e a rarLge of qualil). as
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possible a-ncì also a iríde range in )rielcling abilit-v"

Selectíon in the 1966 an¿] 1967 F3 nurseries \úas conductecl iir a

similar manner l¡ut r¿ith one r{ain clifference. Because of the ver:y encouïäg-

ing results ol¡tainecl from tire f Írst cycle of selectÍon in F3, in rvhic.h the

cornplete spectrur,l of F3 yielciing abílity l./as representecl by the se-leciÍons,
it rvas consj-derecl of interest to clete.rmine ho,.n, ef fectíve selection r.¿ithin

tlre upper range of the spectïum of F3 yíelding abilíty rnight be" Thus,

in both 1966 anrl 1967 selections for yiel-cìing ability \dere chosen mainly
from the uPper regions of the F3 nursery yÍ-e1d distríbutíons" ïn both
years selection \.ùas prâctisecl in order to retain as ¡*rícle a range of
quality characËers as possible, ruithin the inítia1 selections for yie1c1"

in 1966 22 F3 sel-ections \,üere retaÍnecl f rqn a nursery of La92 F3 rÍnes,
ancl in 1967 74 F3 selections rvere retained from a nurseïy of 335 F3 lines.

,) lfethocl of assessment in F4 and F5

rn each year, individual F3 selections ro,ere increased ín the r.rÍnLer

in llexico as spaced plants, ivíÈh aprroximately 600 rancloml5r deriveci F4

plants per selected F3. up to 100 F4 plants per F3-derived population

tn'ere visually selectecl for clesirable agronomic characters (e"g", leaf and

sËem rust resistance, loctgíng resÍsEance) and for their abilíty to produce

at least. 800 seecls, sufficient Ëo seecl an aclequate F5 yíej-cl p1ot" Each

selecËed F3 r'¡as then represented ín the follorvíng summer by a number

(populatíon) of F5 lines gro\,rn ín an F5 nursery yíeld trial. F5 nurseries
r'Iere grol'rn in Ëhe same rvay as Lhe F3 nurseries describecl earlíer, r+ith

\fe*nitou controls adjacent Lo each F5 l-íne" The arrangenent of a ty¡is¿l
!3 or F5 nursery is shorun in Fig. 1" F3*derivecl F5 populations ruere

gronn in bloclcs in the Lg66 F5 nursery and in a completely randomised.
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desígn in the 1967 and 1968 F5 nursel:ies. Entire nurseríes' inclurling

tfanitou controls, \.rere harvestecl ancl Ëhe yield of individual' F5 lines

expressecl both i-n "Grarns per PloLtt afrd "7 of Adjacent controltt' In each

-vear analyses of varían.ce r¿ere concluctecl for these trvo variables to d.eter-

nine r+irether significant dífferences existecl betrteen the mean yíelds of

the F5 poPulations "

Qualitycleter¡iÌn.ationswerealso¡nadeirrlg(:6and1957f'orasmany

linesaspossíbler.;itirineachF5populatiorr,ant1analysesofvariances

concluctecl to test for sígnif icant dif f erences be'clreerr F5 popul¿rtions for

each of up to 14 quality variables. In 1968 tiris analysis ruas onl'rz con-

cluctecl on one quality parameter, that of i'¡I'reat proteín' The pedigfees of

selected F3 lines, and the nunil¡er of deterrrrinatiorrs macle f or yielci an<l

qualityperF3_derivedF5populationaresiror,¡ninTableI,fc¡reaclrof

t.he Èhree Years.

In t\,^Io of th.e years irullc F/+ t'ests' Sown ¡¡ith reserve seed frorn tlre

I13 selectíonso rJere gÏo\^In in the same field as the F5 nursery contaitlíng

the relatecl F5 populations. The- F4 bulk tests \dere of the randomised

bloctr design, ruith 4 replicates in 1966 ancl 6 replicates in L967 ' Aualyses

of varianc€ i{Êrê conducted t.o test for significant clifferences in yield

oftheF4bulks"SingledeËeÏninationsofqualityV/erenadeontireF4

bult<s, using 14 tests of breadmahing c1ualíty"

IneaclryeaÏ'anc]foreaciroftlreyieidandqualityvaríablesin

turn't'lreregressionsr.¡erecalcula[edofl)ËlreF5populatíoÛmeanson

the relatecl F3 values, 2) the bulLl F4 means on the related F3 values and

3) the 15 population means on the re-lated F4 values' In 1968, r'¡hen no

14bullctest\,/asgroh¡n,onlytlrefirsEofthesethreeregressíons$Ias
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TABLI] I

Perligrees of selected F3 lines, and numl¡er of F5 l-ines per sel-ection used
in cl-eterminations of f iel-d and qualÍt5r, for three years.

Number of F5 fines per 15
populatíon used f or c1e.te::mination of :

Ped.igree of F3 seiection Yi-ei-d Qri;iì,iity

1965 F3 1966 15TZPP/Pembina- 19
TZPP /Pernbína- 2l

Son 64/Fe¡rbina-l80
Son 64/Pembina-184
Son 64/Pembina*313
Son 64/Pembina-315
Son (r4lTZPP *237
son 64/Tzpp -.23S
:TT||/TZPP -- 66
crz44/TZPP .* 8l

"I:ZPP / CT24.4 -102

Peciigree of F3 se] ecËíon

1966 F3 Ulr530/c8179-4LL2R 1_9(,7 F5

Number of F5 li:res per 15
population usecl i:or detei:minatio¡: of :

i ae -Lcr Qual-:i-ty

ca

trt

60

¿lÕ

4B
ciQ

100
39
!c

Ûa)

')^
I,l

19
12
1,t

L9
9
aJ

1"¿

2_D

L9

Ul\153C/CRl00* 2038

" -42188
" -5017A
" -541/rB
" -4611A
fL,i^.

-r+4L91\

ll i t â ,- ,t ¿+ J.É\

463A
6048
405A
L+t:\
2508
4 _L Jri.
rJJ¿I
LJ ¿}\
116Ä
2538
24AA
)-LJA
63 7B
510A

tt

fr

fl

It

It

50
50
50
50
50
50
)U
50
50
50
50
50
50
50
5û
50
50

50
50
50
50

4

4

rt)
¿

tl

ff

ll

t!

lt

tt

ll

tl

tl



Pedigree of F3 selection

L967 F3 (L,R64A/son 63) Just
ft

59

ìIumber of F5 _l_ínes per F5
population used for cle,cermination

Yi eld 0ualitv

1968 F5

TABLIì I (cont?cl. )

í"n-110X
*:125Y

-13lx
-156Y
-]68Y
-1 70Y
-_L/OI
_178X

-180Y
-205Y
-2-75Y
-?-20x

-?,47x

2A

2T
19
20
¿J

16
19
34
29
r.5
L4
40
23
7-7

¿l.l

27
1çl

20
¿J

16
I9
34
29
15
T4
4e)

?-3

?-1

1",,/+t)Drcvlatìons âre
varÍeties Ís gfven

1t

usecl for some pârental varietÍes"
in Appendix 5.

Descriptíon, of tllese
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caiculated" rn all cases r'¡he::e a regression value r,¡as determined,

for the spear:man ranl¡ correiation coefficient \,rå.s also calculatecl .

rn order to test trre iuortrr of usíng extensíve control plots
F5 nursery, the correlation rvas calculated T:etrveen the mean yielcls
F5 populatÍons on a "Grams per FroL" basis ancr on a ,,"Á of Àc1-iacent

basis, for cach of f:he years.

a value

in the

of the

Contrclt'
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r\t_ùL:Llò

In eacir of the three years Ëhe mean yielct of the F3 lines r¡as

significantly hÍgtrer than the rnean yield of the conËrols in the nllrser:y

(Table rr) " Table rr also shorvs irov¡ in each of the three yeá.rs the mean

of the selected F3 lines rvas higher than Ëhe nean of the F3 nursery lines
froni ruhÍch tirey r.¡ere selectecl , for both "p-l-ot grams yirelci,, anð.,,2" of.

adjacent control yield". The r.,iclest representatíon of tire y:'.elding abiliÈ1,
of LÌre F3 nurseries l'¡as by the F3 selections chosen in 1965, v¡hich ranged

f::om Ëhe maxinum F3 l-ine yíe1cl of 1622 gl:ams dor.¡n to Lhe lor+est yieldÍng
F3 on whích a conplete quality analysis coulcì i:e conducteci (819 grams).

rn 1966, and i967 especially, F3 serectÍor-rs r,¡ere crrosen rnainl;¡ f rorn the

hL'-gir end of the F3 nursery yri.eld spectrum

In all tirree years, Analysis of Variance between the F3-derÍvect

F5 populations inclicatecl that signifÍcant dÍFferences (p : 0"c5) exisrecl

bei:tveen Ëhe rneans of F5 populations for yielcì, measurecl both by,,plot
grams ]'íeld't an<l by ""/. of ad.jacenË control" (Table rrr). sígnif ícant
dÍf ferences (P < 0.0-5) also occurred betr¿een the rnean ;rÍelcls of selections
in tlre 1966 Y4 bull,i Ëest, but no signifÍcanÈ differences were found bet,.^¡een

the mean yields of se-lectíons ín tire 1967 F1+ i¡ulh test. The iatter test r'ra$

characterísecl by irighll' signifÍcant di:fferer:rces between replications, ancl

a 'lrigh coej:fj-cíent of variatíon (cv = ?-67!). The yíeld pe.r:formarrce of F3

selections inade in 1965 " 1966, and 1967, anci the performance of their
related F4 brrllts ancl F5 populations å.1:e siror¿n in Ta.ble rrr, for both yiel<i

r¿arialil es.

rn ail- three )¡eârs, Analysis of r,/ariance beti.¡een F3*clerÍvecl poi:ula-

tions inrl¡l"catecl that significant differences existed T:eËr.¡een fhe means
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TABI,E II

Yielcl statistics of F3 línes ancl control.s, and unpaired t test fordifferences bei:lueen me-an yielcls of lines and conLro'ls, for three F3 selectionnurseries. The rânge and mean of rhe selected F3 lines is also inclicated.

llean i)J! l,T lfín lfax 
I

1965

F3 lines, ploi grams ,víelcl
Penibina controls, grêll'ìs yield
Fll selec{:ions, grams yieJ.d

F3 -l j,nes , 7" of contro-1 y:leld
F3 çel.ect:i.ong , 7( of control yielcl

r96 6

F3 1i.nes, plot grams )ríelC
l.f¿.rn:1.ior.r conËro1s e grar.rs yÍ-e.1 tl
F.'-l ¡el.ec'ci-ons, grams yielc1

F.'3 iiites, Z of control- yielcl
F3 r.re] ecr'-ior1s " 

'/, of contïol ;zield

L96V

F-i i,i¡.es, Dlot grâms yíelcl
F3 i.,r¡1ic ccntrol_, grarrrs yie-1ct
Fi se-l.ections, grams )¡j eltì

F3 l.:r.nes , Z of control- r'ielcl
F3 seJ-eci-ions, ,'{ oli control f,¡ield

1156 " I
1058 .0
1.4?-1 "7

11.0. 0
114 a

0
0

1492 422
621 575

')) õÉ tLL :iJU

I not <?
)-\J J/- -, I

aa tôLL / ¡

ll.$l*:t l/fl

14.31-rt:l 519
r

1848
7427
1848

L67
l-Ll /

1446 .6 I?- "3
1362"6 13.9
1300. 6

1_07 ,0
rt(J. i)

f a( ô1a
JJJ O-1.-1

L86 896
14 1615

.)JJ

L+

I Í 1?1UJ II ).

1l 9 l-48

2t68
ro ôÒ
1^l oLVUO

:';* Sígnífícant aL t-he g9I cani-icience 1eve1.

1096 " 5 14 .5 180 367 L622
965 " 7 11" 9 102 5t+5 LZ37

L295 " 0 11 3I9 L(tZ2

115 " 0 180 37 2t+7
1.39 " 7 lt 3C 247



F3 val.ues, F1+ bu1.1< ¡ie¿¡ns and
tr"o yield varrlables " ,{¡rova

I 965 F3 F3
Selec tion Val-ue

238 L62.2
fr6 1543

102 1 509
2?7 1Lqr,
81 ].359

130 I 355
19 1.350

313 1136
21 I 103

184 e4?-
11 5 110

lTighest Pembina
(:ontrol in F3
nulrsery = 1237

PJ ot ,vi el cl i.n grans

F5 population nreans
tests of sf.gnífj-cance

1966 F4
l{ean 1/

.t. )r rir ¿t
1n t I
_L .i.:i â. â ll
1Q¿y7 bc
12.!2 ír

91 7 crl
,J:lç5 a
-r I Õf ¡.t I L I ìì

f.iíi7 ah
o1 -,' 1

')l / il

10!i ccl
IILil Jr

TABT,E ITI

1966 F5
llean SE 2/

of sel,ections nac.le
are also íncl-utlecl

1055.7 21 .1
890.5 26 "2

.1139"9 23"7
1))1 1 1(l .l

t- -i /. t

866.3 35.9
9?-5.3 2-(t.3
935 .4 ?-7 "7Qañ r- ,)"> t,

:_.t 
^ 

t-;

793.(\ 2?..i
qot n 1/, t,

726"9 i9"q

1/ Duncan t s nerd riruJ.tipl-c rä'ge f:.est (p < 0. 0-5) . Treatments
different from one another, at the 95il confldence leve1.

2/ LSn multiple ïång€ ,i:est (p { 0"05). Treatments r.¿irh the
from one anofhe.Ì'- ¡ri- tlrc g57 conf irlei"rce level_

c
cl

1't

a
cle

d
c.l

ð

eF
çt
Ì

i - ñ^.r_rt .r, l an eacn of
fot the l¡1¡ ¿¿nci F5

I 965 F3
Sel-ec tion

Yielrl , i'" oF ¿rcii ¿lcent conlrol (pembÍ_ira)

8t_

238
l)l-)

237
10?-

19
3r3
1Bn
2l

3r5
I ,'1 ¿!

F3
\¡al-ue

thi:ee )/eârs, f or:
data,

/-L+ O

193
L6tt
150
14r
129
1 ?-?-

ltB
106

oot).)

80

1966 F4
Ì,{ean

on tr

ttâ 'r

.r 00 .4
11.) t

.,,| .,1

t\t' ¿--

111 '1

7L.7
98.3

l-966 .l?5

lfean SE ?,/

104.3 4.34
104 "7 1. 93
118"4 4"98
'l 1( O 1 Fo-t_L_). ) ,'_" ).)

LI4.2 2.05
B9 " 1 2.37
92.¿+ 2"66

j 00" 6 2.83
83. B 2.08
B0"l 2.36
68.4 3 " 07

rçí th the same ,l e t ter:

same letter ¿lre- not

l-)

1r

a
cl

a
ccl

c
b
cle
e
r
1

are not sígni-f i'-cantl_y

signif icantly <1f.f feren t

c\
UJ



1966 F3 F3
Seleetion Value

4611 A

41sA
133A
2038
132A

41L2ß
T47 A

2508
5017A

253A
604ß
463A
510Ä
116A
405A

441 eA
4 21BB

2401'
343A

541 4ß
6378
513A

Plot yield in grams

184 B

1650
1(¡37
1627
1.617
153 9
15 34
15 34
1523
1477
It+7 4
L454
1438
t_415
1306
]-297
1294
L2B4
1"269
107 B
L027

956

1967 F4
Ìîean 1 /

.l-/i30 ¿i

ltú 53 a
I -3 5-5 íir

l8l0 ¡t

I 6:1 ,q

.tl)l¿{ il

.i tfi7 ¡Ì
'l'. 1Ìlì

I lhq a.

J -i zi,iì ¿t

.ì:7! ¿ì

ï270 n

TABLIÌ ITT (cont tcl 
" )

1967 tts
IIean Sn

999.3
1202^5
L23I.7
1423.0
1194. 9
1046 " 3

7JO. L

9IL.t+
75T"7

12i-3.9
1323.0
1128 

" 617r) n
11¿1 o

I27 5 .9
LO52 ,4

942 "B
1235.3
\t 4s .2

897 "5
r015 " 1

1060 "2

¿+4 
"L

42.3
.-) -) . (¡.

(c o

53 ^2
l'1 \

qnq

35.4
45.9
rl ôÌt-,O

50.1
59 q

51 .0
rô Õ
J/-"()

&0 .4
44 .7
54"6
3S"4
4s "4
40.9
40"9

1/

Híghest lÍanítou
control in F3
nursery = 1427

f ¡1h
bccl
bc
a
bcd<:
ef p-h

sll
olr

í
bc
alr
cclef
bc
air
l¡c
efg
gh
bc
cdef
'l-r

ligh
riel g

1966 F3
Selec tion

J -)l) 
¡¡

Yield, 7 of adjaient control (IfaniLou)

.!-i ) )

{:}7 l_
r. "ì ',

t.lr¡

i) 71

1l lluncants ner,, multi.pl.e range
clj-f fer:ent frorn one another,

2/ fSn multíple range resr (p <
from one another, at the g57

54T4|,
5 017.4

116A
25 3A
343A
240A
250n

46r1A
510A

42ßE
133A

4419/'
463A

1,1 1 aDa -t- J- t- t)

2Cl3B
1aq^
_t, J ./_1\

147 A
604ß
415;\
405A
r. ?7n
ca a i
J I.),/\

IL

¿r

¿i

F3
Value

167
1s3
L52
749
149
r47
L43
-L+ J
I4T
140
138
r36
136
132
130
L27
124
121
I lÕ

105
90
7B

L967 F4
Mean

117.1
102.0
110. 7

85"0

128"s
96.4

106.6

94"3
101.. n

116"8
9ú "6

-L¿' r - ')

134.9
12-1 .1.
11.2"3

o( I
108 .7

Bl'"0
86"t)

1967 F5
I{ean SE L/

test (P 5 0.05). Treatments r,¡i_rlr
at the g5Z confídence leveJ_.
0.05) . Treatments i.¡í,'ch the same
conf :iclence levei..

97 .3 1" ír9 fgti
89.7 2"09 i

115.6 l-"86 ìr
97 "4 I.74 efgh

10n"¡ l-.86 efg
L16"2 L.97 b
l02-.9 2.94 cte
]-06"8 1,79 ccl
l11.4 2"52, bc
97.6 2"32 efgh

106 .7 1. 55 cd
100. 6 1. 90 ctef
102 "7 I " 6B ctef
II2 "9 2,A6 l¡
1.25"3 2.?-0 a
106"4 1.79 ccT

97 "9 1.93 efgh
116. 9 2.I9 b
101.7 I.67 clel=
115.0 2."21. 1;

93.3 1.66 hi
93.9 2"41 shi

the siame lettei:

letter ål:e not

are ìlot sígnificantj_3,

sígnif :i cantly dif f e,rent

í,\.\



L967 F3 F3
Selections Value

Plot 1iie1c1 in grams

1B0Y 2068
l7rrY 2000
125Y 1967
17Bx 1938
215v 1891
)tãL 't Qr <

-t-trL-)

1101t 1.794
205Y ]_764
168T 1-?44
l_70Y l-694
L56Y T6¿16
.13i.x 1545
nf, 1\7 a f a òL-t r ,\ l- tì _L- o

232x 1.6i 5

1968 F5
llean SR

1350 " 5': 'l nn /,

1145"1+
I 209. i
130q 

":T
I 1.t_9. r
,1.,./Ll,;,

i.325"7
i 3:t8 " I1aço _r

'u13 
" 3

t-¿t.1. / . )
¡ ¡.J"(ì

TABLE TIT (conr1d 
" )

45.7 ah
46"9 e
(¡2,8 de
36 "1 cde

L02,3 abccJ
,,., .tçtL. -) c

6I "7 bed
58.4 cde
42.5 abc
58 "7 abc
2.7 " 5 alr
65.1 ab
50.3 a
43.7 becl

ïIighest F3 bul-l.r
control ín F3
nurserv = lBB¿cnurserr,¡

1/ Duncants ne..r rnultíple range
dífferent from one anotirer,

2/ tsn multipl-e rãnge tesr (p <
.f ¡:onr one another, a t Che 957

Yiel<l , Z of- acljacent control (F3 brr11c)

L967 F3 ]t3
Selections VaJ_ue

'> l,1v
232X
215Y
l_ 3 l)t
1.10)(
17BX
lBOY
I 56Y
125Y
205Y
16 B)1

1701r
2?_Oli

T7 6Y

test (P : 0.05) . Treatments i,¡iLh
at tlre 957 cc:nficlence level 

"0.05). Treatments r,¡l-th the same
conl: írlence level .

.T4B

337
! I rì

111.L.-' )

131
130
1 ?_7

) !-t
127
1?,3
r?-2
l '', ,|

)-.!\t

-L,t:j

1968 15
ilean SE

111. 9

104.6
I 0(¡. I
LT3.?-
105.0
102 "7
116.3
112.5

Q1,5
1 04.4
112.9
J,l-rÒ . -)

ô, a

oq o

3. 1B alr
4 " 66 bccl
B " 02 abccl
4 .49 al;
4.16 bccl
3.13 L-,cde

4.O4 a
¿" / I AD

5 "28 cle-

5 .60 bccle
3.08 al:
3.67 abc
3.08 e
4 " 46 crle-

the same l-et ter

letter are Írot

ar:e not si.gnifícantlrr

signj-f icantl y rlif f erent

va
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of F5 poPulations for all- clua1Ít,v pailaneters i;i'ij,cl.: ivc::e neasrrred, r.;itl-r

three e:<cepLions (Tab1.e IV) " Fo:: the F5 populaiions de::j.ved fro¡.r the

1966 F3 no significant differences existe,i (p : 0.05) for 1000 Lrernel

ireíght, lllencl load voluiûe or for farinograph míxing tolerance Índex.

Laclt of significa.nt cliffereilces for tirese three ,¡arial-.1-es r..¡,îs noi relatecl

tc the range ava'll-ab1e in the F3 se'l ecti,ons, r.,¡hri-ci-r r.ras in a-l-1 cases quite

vride (Table IV) " For aj-J- qualit)/ pä.rameters in r¡liich the means of F5

populatíots i'/ere sign:lfleantly díffereni, tire range for the F5 popglaiion

nieåns t,¡as of tire sarile- order as the rellge reÐ,rjesenteci 'o1, the F3 se.'ection5

(Table It'¡ " Onj-y for tire varj-al¡le se-<limenLation value dici tiris r_ange

in F5 exceed tl-re range ïepresented by the F3 selections, in botir I 966 ancl

L957 .

Intergene-ration regressions and ranl.: correlatiqns wel:e not calculate<j.

beLr'^¡een the 1967 F4 and 1966 F3, nor betr,¡een the 1967 F5 ancl Lg67 F4,

because no signífícant yíelcl clifferences rv-ere founcl in the F4 generatÍon,

Intergeneration relationsliips cai-culated usiitg t.he clata from t¡e 11965 Flt

buik test índicated that the F4 selection means rrreïe not signifícantly

rel-ated (P < 0.05) to the 196,5 F3 values for either ',plot Éirams ),ield,, or

f.or "",1, control )¡ield"e nor rvere they significantly relatecl to the l96fi F5

population ineans for the variable "Z control yielcl"" The Spearman ran¡

correlaËion of the 1966 F5 populatj-on neans r,¡ith tire 19fi6 F4.means for

"Plot grams yielcl" ruas sígnificant (r = 0.64, p < 0"05), but the regression

coef f ícient r¿as nonsi-gnif icant"

S-lgnificant regressions and ranJi correlations betrt¡een ihe ineans of

the F5 populations and Eheir F3 selectíon values r^/ere found for l¡oth

"Plol grâns yield" and "",1 of conËroJ- )rielcl" j_n the fírst year of selection



Range ín value of F3
of variance i'¡elr+een

selections, ränge in value
F3-deríved F5 iropr-rlat:lons,

P]ot grams yielcl
Z of control yíeJ-cl

Bushel- iueight, lìrs .

1000 kernel weight, gï¿ìïr-rs
Ilheat protein, il
Flour y'leld, "A

F.ì,ortr: proteín, 7,

Flour ash, "/"

Flour col-or, urrits
Bakl-ng absorpf:ri-r:no ::
Se-dímentatíon val_ue
Remíx loaf volume, (-.c)iì"

B.l encl loaf vo1ume u c{: jl 
"Far inograph allsorpt:l n¡r . l,

Farinogianh developmeììî: t i.me, ml:.ns .
Farínograph ìtl" T" I. u tjl:;.îrÊì ,

TAßLI IV

of ¡:elate.cl F5 populatíon means, and
for 2 yieJcl variables and 14 glralíty

1965 F3 popularion

Range
ín lI3
(r_e65)

ì.{1n }lax

I Range of
i F5 rneans
j (ilr.a ¡
I

f ltin t',tax i /

üq 7622-
8 0 2.47

7-2, "',Ï 33 .7
i-l.7 i-5 " 2

72 -5 78.1
10"8 14.7
0"40 0.57

1,).ro
J-6L J,"t)

57,6 62,2
69.4 71.6
790 11.35
680 B0û

54"6 66.2
2.5 8"5
?-5 55

1/ Anal-ysis of vaïL¿jiri{:'.i rl¡ means of F5 ponrrlatÍons, using }.,irrltipJ-eJ' signlf ícant <'l if f erences exist betr,¡àen means (p < õ"os)
- . ¡r$ No signif ica¡rt dif ferences exíst betrvee-n *"r.* Ip o o.o¡l2/ .ls for L/ except t'h¿r,í: Drlncãnts Ner.¡ Llul.típ1e Range test-ren:aáes

1966 F3 popularion

s92 722I
68 118

31 
" 
0 36.7

13"4 16.7
70.4 73.9
12. 7 16.1
0"43 0.52
1.4 2.6

53"8 63.1
',)8.7 73.4
78s 1178
144 ÕFôt LL () )ö

57.8 66.5
6"cl 9"8- 18 1+ñ

Range
in. F3
(i-966 )

l'fÍn }fax

*

Range of
F5 means
(1 e67)

Min llax 1l

95 6 l.B/+B

7B 167

t'^ / tt) /- n+
3"1. "6 ¿t9.6
i3"7 16.1_
72.8 75.2
12"8 15.4
a .46 0 .54.
1"9 2"8

57.?_ 60"7
62."7 72.8
535 i.01r5
Br -5 e15

61 "?- 64.7
?."6 8"0
?-o 35

resul-ts o1, AnaJ_ysi,s
varíables.

*¡

J

1967 F3 poJru-latlon

752
90

64
L))
12.6
72.6
1L.7
4"46
0.8

s7 .7
61. 9

52I
700

61_ .4
3"0

23

Range
in F3
(1 e67)

:in lfax

1423 -k?.

125 +¡2

f, fi
47 "B
15"fi
74"(,
15.l.
0. 4B

1. "7
62 "O1' 1

979

lrf\ :

-Ì -ì

45

i Range- of
I F:, n''"ans

1 r;1 5 2068
u9 148

y'r

I \.t i)

:'¡

i\1 ¡

(1 e 68)

llín M:rx 1/

1.109 I427 :r

93 116 'r

16.0 14"2 i-6.,t *

i{ange LSI} ülirsi:.

the Ì'lu1típ'i e ììan¡_;e LSD Test.
G\
*J
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-in F3 (Tab1e ti) " R¿rnl< correlaiion-q lrere high for both ),ield v¿rriairl-es, ancl

indicated ihat the relative yield performance of an F3 rine ,¡as a good
jncljca{:or of the likery performance of an F5 populaiion cleriveci f ::om j_t,

i'io sÍgnifícant relationsl.iin rrras found betryeen the yieJ,d perfor:mance of
1966 13 selections and their relatecl 1967 F5 pcipulatfons, for either,,p1ot
Srans yieJ-dt? or "Z of controltt. The rel-atioirshi.o f.ot ""Á of control-r, betr,¡een

the 1967 F3 ancl ihe i96B F5 r^¡as nonsígnificant (by both ranji corr:eration
ancl regression) , but a signíf icanL ne8ative regression of tj.ie. 196g F5

populations on tlte L967 F3 selections ryas founcl for,,prot grams yielci,,.
The intergeneration relationshÍ-ps betrveen tl-re F3, F4 and F5 genera-

tions for those quaJ-ity clata iuhich r.¡ere obtaíned during the tllree year
stucly are gíven in Tal¡le VI . In tire first year in r¿hic.h F3 selections
'r!'ere made, significant rank correlatíons and regressions betlyeen F/+ ancl

F3' i:etvreen F5 ancl F4 ancl l¡etr'¡een F5 ancl F3 r¿ere obtained for ruheat proiein
pei:cent, flour proLeín percent, baking absorption percent, blencr loaf
volume, farínograpir absorpti-on ancl farinog::aph deve-lo¡rment time" signifi*
cant ::ank correlatÍon and regressiorr r.Jas also obtained betr.¿een the 1966

F4 means a'd the 1966 15 populaËion means for flour ash percent, remÍx loaf
volume and farinograph stabilíty. All other intergeneratíon cornparisons

for these tir::ee variabl_es v¡ere insígnj-ficant.

For sorne of trre intergeneration comparisons :r_n Tabre vr, and í'
Tabl-e v, clíffererrces betr¡een the significance of trre spearman rank
correlaiíon and that of the símple regression coefficienÈ are appareÐt
(e.s. , -19(15 rI3 vs 1956 r-5 for fl-our yie1.d; 1966 F3 vs 1967 F5 for barcÍng

absorpfion). Tirese díf ferences âre probabl-r, attril¡utable to the sampling

effect of '¡ire loror ¡r.rni:er of comparísons usecl in Èrre tesrs in each ),?ear.
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TABJ,E V

Intergenei:ation relationships betr'reen F3 values an<l relate<] F5 poÞulation
neans , f ot trvo .vield varíables, as measured bv Spearman rank correl-ation
anC sinple regression.

NS liot signÍficant at the 952 confirlence 1eve1.
^Lâ?r Signiticant at the 95i{ confidence level.
.L -r-:i?s SignÍticant at the 99% conficlence leve1.

Plot grams yield Yíelcir Z af control

Rank r b value Rank r l¡ val ue

1965 F3 to 19(16 F5
l.966 xt3 to 1967 F5
1967 13 to 1968 F5

0.71 *
0.11 NS

-0 .5 3 t']s

Q. J[ :t:l
NS

^ 
aa .t,

-rJ. Jt] v.

^ 
ô^ ^L-r.r,., 

" 
()J r'.'

-0. 09 XlS

0.31 Ì'iS

0" ¿L ,'

NS

NS



ïntergeneration
different years,

relationshi-ps betrveen F3
as measurecl by Spearmarr

Bushel weÍght, 1-bs .
1000 lternel welght
l{heat proteí.n,7,
F.l-our )¡íe.1.d, Z
FJ-our proteln, ,"1

Fì-our ash, 7"

Flour co1or, units
Balcfng absorptf-on, 7,

Sedimentati-r:n value
Remíx loaf vo1 " ccs,
lllerLd loaf ',¡o1.. ccs 

"

Farinograph absorp., 7,

Farinograpir clev. t.ini¡:'
Farirrograph l{.T.I.

TARLE \¡T

F3 to F4

, F4 anc.l F5 means for
ranl.- correlatr'-on ancl

I{ank r

0, f -ir NS
g. JJ :ï:t
0 " 23 I*IS

0"67'å
0"25 us
û 

" 62 '¡
0. 19 *rç

Q. ffi :'r:l

0,33 }rs
0 . 71r :ï;'r
0 " 9t, tç:k

0. 75 :trk

t.04 NS

l> value

1965 F3

i\5
A 

' 
1 ¿&

t{s
0. 35 ;,

NS

^ 
c1 ù

Q. gl_ :,Lfi

^ 
t^ ¿-t.,,,ó /\J ¿\.r

ifô
¡{J

f . Q(:, '"T:'"

Q. /l :t*
NS
NS

F4 to F5

liiS ilot sign.í-ficant at the
:r Sí gni-f rlcant at the g5Z
J-.t- 

^ 
.:::'r fj j o¡i f j.cant at tlte Qaz

Ranl< r

up to 14 quaìity varÍ-ables, ln three
simp-ì-e regr:ess ion "

0"35 NS

$. Ç] f.'fr

0" 03 NS

0. 67 ,t

Q./! :Ttk

0 .48 ¡rs
n Q7:',';i'

0"67 ,',

0.82 )k:!

^ 
-tî s."

Q"$/ *:t
[. $d :T:t

0"48 ¡1S

b val-ue

Ntc

t.lg :l:t

}IS
1 I I .r-.L

0. 60 :t
\tõl\ i)

1" 01 **"
1. 34 't
^ 

, ô .LJ.rtc¿lÒ ,r.r

Q. fi-! :t;b

0. !Ç tïrq

Q.1¡l :'c

^ 
e I .?-.Lt).-)11- .,t\

F3 ro F5

R¿lnk r

0. 69 ¡t

0. 88 *tc
0. 67 't
o .7 7 *':t
N lQ ÑC\/. J¡r r\r.,

0. 05 l.IS

Q. !$ *:'c
n ,/, 7 lJe

0,57 I:iS
n t?( .r.¿ll.(rJ r!r\

0 u 98 :tr"'

Q. 71 rT

0. 21 ¡rs

b value

lJ5il cor: f :i.rl ence ler¡e1 .

conf i-de,nce l-evel .
coi:f r'-dence J-evel.

1966 F3

o "66

0 "62-

np¿

n.q¿
n 7(:)

ô"70

F3 to F5

Rank r

ì\t e

al0l{d

Ntc

NS

i\ ì)

0.69 ltrs

0. 3 2 l\TS

0.39 NS

0. 15 lìS
0.07 NS

-0.20 NS
n 71 NC

0. 69 ìts
^ 

o.t r-\ 1. r)/- .\

0.57 \1S

-0. 64 lrts

^ 
oa "L

0. Bfr '"
0.68 lls

b value

1967 F3

l'3 to F5

Ranl< r

NS
\to

l\ls
r10

4.77
1.02

ï: value

fl. Çl :TJr

t\l ,)
tlñt\¡
l\fe

1 1 t .1.-L

n 7,( fr
rlc
i\l)

g. fiJ *:T

Õ
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The 1967 F5 population mea.ns r"rere significantllz ¡sf¿tecl to t.l:re,

perfornance of the 1966 F3 selections only fo:: flour col-or, balting

absorpticn, farínograph absorptÍon and farinograph deve'l-or.ìnìent time. Large

anC hígh1y significant relatíonships betiveen the 13 val.ue anct the F5

popul-atíorr mean r+ere obtained for the quality character r¿heaË proteín 7,J

in the fírst and thircl year of the stucly, but no signífi-cant relatíonship

r¡as obtained in the second year.

Comparison by pairecle,test of nine F5 lines grotrn at t\,/o locations

Ín 1968 shorved that Lhe Universj-ty of Ì{anitoba location ï,'as sÍgnificantl,v

higher yieldíng (P:0.01) on â "Grams per plot" basís rhan Èhe Glenlea

Researcl'r Statíon loc¡.tion (table VII)" This apparent clifference í-n yie¡J-

íng abi-lj-ty of Lhe F5 línes at the trvo locaÈ:i.ons r,¡as removed ir¡hen the same

pairecl t test '.,¡as macle using the -f is1¿ varj_able ,r'/, of, acljacen.t contro1""

In eacir of the three years a highl¡' signifÍ_cant correlai:ion

(P Í 0.01) lvas obtained betv¡een the means of F5 populatíons classifiecì or:.

a "Plot yíe]d in grams" basis ancl on a t'"/, of adjacenl conLrol" basis

(Table VIII).
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TABLE VIÌ

Tie,i"d clata f::om tvro locations, jlor tlle hest nine F5 lines gro\.rn at the
University of ì{anitoba in 19í:8.

UnÍversity of lianitoba: Gler¡lea Research Staríon:

1968 F5
line code

Plot grams
Yielcl

lBOB
167 s
1648
181 2
L77 s
L7L7
1810
17 40
1631

i735 . i

"/" of adiacent
Il¿,nitou conlrol

113
359

4nfL 1-\]
FOJO
/i1

)J

tl n

140. B

13/+. 0
133.4
1)L I
L22.4
121. B

L20.5
119.0
110. 9

L25 .3

120"5
87 .Cr

L28,2
168"9
L22.L
139. 0
1)) L

92 "B
10(:. 2

ì"fean 813"5 l-¿(,. ä

i( of adjacent
Manitou control

P1o c grarns
Yiel d

857
523
801
777
Òt] ,/

96?.

933
698
9 0/+

Pairecl t test of locatíon means (8 c1 f ):
1. Plot grams yield, t = 13.13 Significant
2. 7" of adjacent Manitor¡ control, t = 0"52

conf idence l-eve1.

at Ëhe 997" confídence 1eve1
l{ot s:i-gnificant at the 952

Correlation .f¡etrveen the means
yield ín gïans" basís and on a

TABLE VIÏI

of F5 populatíons classífied on a "plot
"7" of a<ljacent controlttbasis, for 3 )rears.

1966 F5
L967 F5
l_968 F5

LJ 
^.^.r Þlgnr_rr_canr

r = 0. 82 (fc:t
r = 0. 78 (:'c;l

r = 0.91t. (:'r*

fl= 11)
22)
r4)

at the 991l conîi-dence 1eve1.
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DISCUSSIOÌ.J

Thís study nf re1-ationsl-rips between dÍff erent generatíons for yier<í
and breadmaking quality characteristícs was limÍtecl b3, certaín rest¡:j.ctions
of tiie experimental clesigns ¡.¡ìiich rvere usecl . lror example, the use of
related generations grolürl in clifferent years resulÈs in a co'founcling of
intergeneratíon comparisons r.tTith inLeryear comparisons and the possible
occurrence of geqeration x year interactions. rn ÈTre earl-ier phases of
tire stuciy (l-965 F3 ancl 1966 14) cr./o ro\.r plots ryere usecl , rvhílst three rou
plots t^zere used later in the stud;r" Because of Ëirese differences possÍble
interactions betiveen ÍnetÌrod of see<ling, year differences and genoE)/pe may

also iiave occured. Estimates of these effects Ìdere not obtaina.ble from
tiris study ancl thus the reported intergeneration relationshíps are subject
Ëo possible bías fron these sources of variability.

EstimaÊes of heritability i-' the strict sense v/ere r-rot obtainecl f rorn

Ëhis study due Lo the absence of replication of lines in botli Ëhe F3 ancl

F5 generations, and the consequent inability to separate sources of vari-
ability due Ëo environment and genotype í' those gene-rations. iranr.

correlatíous and sinple regressions \,,/ere used instead, as a means of neasur-
ing actuai relationsirips beLr,¡een generat:_ons.

The climatic conditions in ihe Ëhree years of this study r,Jere íìs
diverse as are obtainecl in ìfanirLol.ar iviËh 1966 being a year of average
rainfall and temperature, 1967 being a year of near drought condirions ancl

l-96B beínÉî an extïeineiy l¡et ancl cool year" Tìrese large differences in
clinaÈe are the ve::y conditions under r,¡hích the plant breecler rras io
operaEe' an'd Ëire final selecËions frorn his prograr,r shoulcì be tirose r¡irich
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Periorn \'re11 oi: a'Iiove average undÊr each of these concl itions. The resul .cs

fron ÈhÍs study are therefore ccnsiderecl Èo be quite relevant to the

actualitl' of plant br:eeding programs"

1. Selecrion for yielcl in 13

Tire selecrion of indivicrual F3 lines for yieldi*g abir-it¡, on bocir

a t'Plot grams yielci" l¡asis and on a "Z ot acljacent conLloll, l>asis r,¡as

effact-ive' as assessed by performance of related F5 famílieso onrlr í'one
^1 ,1or tile tilree years of study (1965) " ThaË ;'s¿¡ r.vas t.he one ín lvhíôh the i¿idest

possibl-e rânge of- yield in the F3 nursery rùas represented by the sel-ections,

F3 yield perforrnance I,ras so eJ:fectíve ín precl-ictíng yíeldí-ng performance of
reiated F-5 populations in the first year of study that selections in the

suìrsequenL tlso years of stucly irere restrictecl inainly to the uirr¡ê-r portion
of the F3 spectrum of yielcl . classíficatÍon for yielcl lvii:hín tire ripper

portion of the F3 Srlsf¿t Iüas not effective in either 1966 or L967 far
eiLirer of ttPlot grams yÍelcl" or "î! cf cont::ol yielclt', ancl a negative relatir:n-
sirip r'ias actually obtainecl l.¡etrveen the 1967 I¡3 ancl 19(rB F5 fcr "p1oÈ grams

---r,! Tfl ñiyielcl ". Tile results from these t\^/o years do not $upport Ëi-ie recomnend.aLion

r¡f selection for eíther of "Plot grams 1rield" or "7( of conrïo1 yielcì'r alone in
the F3 generation, r+ilen selection is l¡eEi¡een F3 lines representing only

Ël're trighest yielclíng portion of the F3 population. Further studies are

neeclecl irr r'¡irj-ci-i F3 lines represeniing the micl<11-e, loizeï ancl upper porÌ:ions

of the yieJ-d distri-bution o:F tire F3 populatiorr are assessed b), tl:ei_r

perforiirance iir the F5 generatíon. SËnclies of tirÍs liind. are at present

being conducLed at the l-hrj_versÍty of lfanitoba"

Ðespite the díscouragíng ranlc co::relations ancl regressj-oris betr.¡een
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F3 an'J F5 obtaínecl :Ln trrro )¡eei:s out of th::ee, ít r"ras apparent ttrat the

highest ]'ielding oopu1at:1-ons rl-n each ,r's¿¡ r.¡ere obtaíne<l from F3 l-ines

r'rhiclr t"ere rel.ativell' high for both ttPlot grarls yíe1clt' ar.ð. "7, of control_

yiel-cl" (faUle fX). In all thrce yeaïs the triro F5 populations classifj.ed

as being tire rrhest" ;rielc.ers (on tl-ie basis of both "plot grams yield" e-nd

"7' of control") rvere derived frorn F3 J,j-nes '..rhích rve::e hi.gh far "7i of cont::cl-""

fn trro years out of Lhree the best tr^¡o F5 ponrl]ation.s \,/ere clerivecl jlron

F3 lines ¡+hich ;vielcìed nearly as high or: hígher (in grar,rs per plot) ihan

Èhe liíghesc yielding control in the lrurser)¡. Though tl.,e supportíng

evídence is not strong, one migJrt suggest that in F3 yíelcl nurseries selec*

tíon only of F3 lines '¡hic.h are higher f iel<ling in "plot granìs yielcl'r than

lhe hig)rest yiel<1íng control (best Variety) in tl-Le li3 nui:sery, ancl r,zhich

are also high for "Z of. controlrf , i.,rouJ-cl be ¿:. l¿ortJrwir:lle ¡:rocecÌure" I'fís-

classj-f ication of some F3 lines as to their yield i:otentia.l ruoul-ci undoul-rtecily

occur under this systern, but the F3 línes r,;ith the grealesi yíe1c1 irotentíal

r'¡oulcl probably l¡e retainecl .

2. Selection for breadmalci¡tg quality. in F3

Breadnal.-íng qual-it)'is a function of the totai anount of proteín

ín the f lour¡ anci tire quality of Êhe proËein (I3ustrul.: et al t12l). In

studies concerning Ehe breadmaking quality of segregating lines in ea::ly

generaËíons front crosses betr.¡een parents differing ,iri overall breadmaking.

qual Í-t1z olle may expect dif 1=ere:rces in bot-.h protef-n quantity anC quality to

be present. In this program, tesis of breadmaking qualiL¡r have included

both actuai baking tests, esiínates of total protein in l¡oth r,¡l:eat and

flour, and neasures of the mixing characEeristics of t.ire dough using tire
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Classífícation of "best"
yielcling performance, and

lAl.rl,l, I^

trrto and ttworsctt ttfo
relationship to F3

F5 oopulations for overall
performance, for 3 ]¡ears.

F3 Value

F3 \¡alue

F3 \ralue

9B L22r.1"
(¡B 1139. 9

57 793.6
48 726.9

2r t427.3
L9 1393.3

40 111,9. 9

1.9 1109. 4

F5 Mean

Grams Z Control1" 1965 F3

Best tr^ro in F5

I,Joilsfi tivo in F5

Itfean crf F3 nurse::y
M¿ix. .Pernir i-na control

?." 1966 F3

llest iquo.!-n F5

\rJors f, f:r,:o in F5

llean of F3 nursery
ll¿l:< " I{anilou control

3" 1967 F3

Best- tt,¡o ln F5

Lrors i: ti.¡o in F5

l:{ean o:f F3 nursery
l,1ax, F3 bul-k control-

L\)JJ5

116A

54148
5017A

247X
13lX

220X
L76Y

r_618
L645

r.825
2000

1447
IÕÕO

I¿+O

IJJ

r-20
119

L07

237
\02

2.r
315

:l_15. I
LLí,2

oaì 1

i11. I
-l-i-J. .1-

ô( o

F5 l{ean

Grams Z Control

-s0 1423 "1 1-?.5 "3
50 1341. 9 1"-l-5 . 6

s0 897.5 97 "3s0 751. 1 39. 7

F5 Mean

i,I Grams 7Í Conirol-

Grams % Contro-L

U+96 150
1509 141

1108 r_06

819 88

l_097 115
r237

Grams Z Control

1627 130
1415 L52

1078 l-67
L5?-3 153

LL57 1l-0
1427

Grams Z Control

lrJumber cf deLerminatlons used Ëo obtain the F5 lneân.
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F3 very

F5. In

B::abender Farinogra¡rir. i ¡ is i-ee iised [hat tire resr:lts f rcm these tes ts
are to a certain extent interrelate<l sirnplï because eac¡ of ihe te-sts

measures a property of the flour i,"'liich ís related Lo total protein content.
IÌorøeve-ro for the purposes of this study, the varíous quarit)¡ paranìeteïs \ùere

treated as indepenclent varÍabl-es, in the same rTay as \./ês done by ¡icNeal

etall 241 .

The predictable value of selecting for qualÍty in F3 varíed from

ye'ar. In tl¿o ivears out of tirree, l,rìleat protein cieterrninations in
satisfactorily preclicteci ¡he perfoj:marÌce for r,¡heat protein in trre

one of these )rears the F5 performance for blencl loaf voluine \{as

a]-so r:redictable in the F3. Baki-ng absorption, fa-rinograph absorption aird

farinograph development time corrld also be satisfactorily classi._fiecl in
F3 for their later performance in F5, in tire tv¡o yeal:s in r,¡hicli they vrei:e

stud:lecl " This r'ras possible rlesnite the fact that j-n one of these trro years

sel-ectíon for r¿heat protein Ín tl-re F3 provecl to be unrelíal-.le" Tirere r.¡as

Do relationshíp betr.¡een the F3 and F5 for farinograph níxing tolerance
j-ndex in eíther of the years in r,'hich it ryas stucliecl . In all siudies
carriecl, out Ëhis va::iab1e r¡as characterisecl by an extrenery liigh

of varíaËíon, both in studies of F5 pooulations and in the stucly

quality of l{anitou contïols (ßushul-, et al t12]). Trre continue-cr

farinograph mixj.ng tolerance i_nde>< as a selection cri!6,¡1.or, ín earl-v

gerlerations ís questi-onable. summary of tTre three :years resul-is silpÞorts

the use clf r'¡heat Þroteín content an<l farinograph characLerístics (excluding

rnixíng iol-erance :l-ndex) as selection criterÍa in the F3 genei:atÍ.on.

In the one yeaj: in i,,hicl.i El-re re-latÍonshíp of

r,¡lrea-Ë protein r,'as nonsj_gníf ícant (Lg66 F3) nine of

coef f ici-en I

of the

use of

the F3 to the F5 for

the cther qrralitS'
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varíables al-so demonstrated a nonsign:lficant relationship betr+een Lhe

performance in tire F3 and in the F5 ¡¡enerations" It is possj.ble that
some of these nonsignirÎicant relatíonsþ-ips rLrere the result of some clepencl-.

ence of the qualíty variables on total proteín content, as has been

frequently reoortecl in the literature"

3. Thc use o jl control plots

The objectives of us"íng control plots adjacent to everlr line in an

F3 nursery have been <lescríbecl in cletail previously (nrÍ-ggs and Shebeski

t11])" Ilo extensive evidence has been a¡,¡aílable comparing Lhe actual_

effj'ciency :'-n eval-uatíon of breecling lines by methods usíng controls anci

methods rvhich do not use control-s. l4ethods of f ielrt experimentation and

statistíca1 arral-ysis e-:ce nor,z 1-egitirnateJ_¡, establísl,red, and alternâLi\¡e

methods must be compared to those currently usecl as

absence of replicaEion of Índividuar lines in the F3

selectio* metirod of Shebeski, tìris coarparison coulcl

generatíon. The use of the conrpletely randomisecl design for the F3

clerived F5 populations grorr,n ín eacir of the three years, ancl the use of

acljacent controls throughouË these nurseries, aliolecl proper comparison

of tlLe control vs no contror metirods of assessing 15 populations. Tire

use of Ehe variable "Plot grams yield" in the analysis of variance of the

F5 populalions uses the methoci of clividing the toËal amount of variation
into that due to variability bettueeir populations, ancl that due to vari-
ability i¡ithin F5 populations (the error variance). The error variance

in tiris case is attributabl-e mainly to environmental effects, including

effect.s of soil heierogeneity. use of the variabre ,,"Á of conËrol vield,,

standârd. In the

generatíon, in the

not be inade iil that
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shoul-d theoretically remove sone of the variabil-ity <lue to environment,

and nurserl'local-Íon in partícular, before the Änalysis of !'ariance is

conducted. TÌre nain assunption is that by expressing the yielcJ of a

gíven F5 plot as a i( of tl-re yielcf of tlie adjacenË control the effects of

locaÈíon in a nursery tvíth ireterogeneorrs soil r+i1l be minimised. If tl-re

yiel<is of contíguous plots planted to tÌre same variety are very closely

related (llriggs and Shebeski tlll) then Èhe cliffererrce in yield of an F3

line anci an adjacenË control, expressecl as a peïcentage, ought to nore

closely reflect a gertetic clifference in yield potential than an envÍronmental

difference.

A high correlatÍon lì/as obtained in each of the three years beËv¡een

the neans oi F5 populations crassifiecl for yielding abi1itl, by "plot grams

yíeld" and the meana of F5 populations classified by "7. of control yield""

Ti-rus Ehe ürethorl oí using yieJ-cl information from controls appear:ed 1:o cl¿ssify
Ëhe F5 populaËions for yie-lding abii-ity in a very sirrilar manner to t¡aË

obtained by the use of the conventional variable "ploL grams yíelc]". There

r'¡ould, therefore' appear to be little apparent justificatÍon in investing

a great deal of effort. in an extensi-ve use of control plots in an F5 nurserl,

of the Èype used in this st.udy, if Ëhe resulËs obtained from the use of

conËro1s are essentially ì:ire same as those obtaínec'¡ frorn conveltío1a1

experinental methods r.ríthout controls. llor^rever, controls are necessary

in the F5 nursery if the program cal1s for reselecÈion of supei:ior l-ines

rvitirin F5 populatj.ons, i'.'lticir a::e still 1ikel,iz to be genetical.lJ¡ heterogeneous.

In tire absence of replícation of indÍvidual F5 lines the use of informatíon

from adjacent, eontrol plots aË least providos some basis for allorvi.ng for

environmental eifects on yield.
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Tire resulËs obtained j-n 1968 .f::om the nine best yielding F5 lines
at the universíty of Ì'íanitoba, r,¡hicir r,rere also ha::.¡estecl at a seconcl

Locatíon, irrrÌicatecl that Lire grain nroclucLivity level- es measurecl by ,,F1oi,

grams yieicl'' taas signif icantl-y clifferent at the trvo locations. Tire ef f ect
of tiris location clifierence iJ¿ls ::emoveci rr¡hen yie-l-ds rvere e:;pressetì as ,,7(

of adjacent contro1", provi-clíng sone iuclírect ev-i dence thal environmente.l

íirfluences can be mi'írnísecl fron trre use of controls, as previousrl,r

dernonstrared by tlagga,g i171.
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Extensive discussíon ni the resuJ.ts from tl-re four 1'ear stricly crf early

generation selection for lrieJ-d and breaclmaliing qualitl, of Triticum aestj.vum L.

\'Ias presenLeri in each of the four papers cornprisÍng tire thircl --**a-

thesis. The maín conclusions from those papers aïe

together r.ritir further discussion ancl suggestíons for

In three clífferent selectíon nurseries it r¡as

contro,l plots of the varíety lfanitou nine feet apart

presentecl ín Lhis section,

contintied research.

shorun that the yiel-ds of

in a wJreat breeding

nursery rvere highly significantly correl-atecl . The cor::elation betr,¡een yields

clecreased rapidlS' ruíth i-ncreasi.ng distance betr.¡een plot centers. A sinílar

analysis was conclucted for fourteen breaclnaliing qaulity parameters for one

nursery in rvhicl-r the variety }{anítou \,ras usecl as the control. Corr:elations

calculated for control irlots at specifieci distanees apart índÍcateci that,

f or al-1 important breadmaking quality parameters, contiguous plots r.vere

sÍgnif ícantly more sílnilar than those further apart " Areas of hígh ancl l-or,¡

yield potential and hígh an<l 1or.¡ quality i:otential- could be ident:'-fied in
rvheat nurseríes by usíng yield and quality dara from controls at frequent

intervals. Thís ínforrnation should be usecl by the plant breeder v¡hen

assessing unreplicated breedi.ng J-ínes from a given area of the nursery.

Further investigation of the sysLem of usíng adjacent control plots,

as a means of controlJ-ing variabilÍiy in yíe1cl <iue to environmental effecrs-
t'rould be ciesi.rable" Thj-s could be achÍevecl by gror.ring large mr¡1tílocat.ion

replicated tests of a series oll v¡heat varieties v¡hicir are- lcnorvn to repïesent

a very r'iírÌe range in yielcl capercity. These tests rvoulcl contain conlrol

plots of a fixed varjety adjacent to every entr)', and a comparison of the

performance of varíeties for the vai:iables'rplot grâms )rielcl,,and,,percent
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of adjacent control f ielci" coul-cl be nade, An ana.iy"sis of covariance for the
varieli-es" ín t'rhích tire )¡ield of the acljacent control is usecr as trre col,ariate
woulri gíve sone indication of the amount of var:iabilitv due to environment
t¡hich could be accounted for by ¡rielcl data from the control p1ots, as cÌes--

cribed by Bat:er [9J ' such a sturly cou-Lcl also be accomplished ior: ,breaclmaking

quality' an<Ì vroul-cl ¡rrovi<le useFul- infonnation if trre varj-eties rised represented
a l¿icle range ín qrrality.

A highly signíficant posit:'-ve correratÍon r¿as obtainecr beï-rueen grain
yiei-<1 and r,rhea,t urotein eontent in each of Lr,¡o )reaîs for: the varf ety t{anÍtou"
The ll¡:eacimakíng qualiElr of the )lanitou controls rvas significanrly ci.fferent
in the t'o )rears" rn ì:oth years most of the quality pâ-rameters irrêrê signi-
f icantly ancl positÍvely correlatecl r,¡j.th v¡heat lrr:ote-i-n content" The acrual
quantitative :relationsltí'p lretrueen each of the various parameters a'd rvheat
protein conteni r¿as consistenL from year to ys*¡ only fs-¡ fr-our proiefn
contentu flour arsh, floui: co].or anrj reinix loaf volume" rt r¿as recomrnendeci
tliat ín each year a series of ifanitorr r.,¡heat sa'rples \ùítlì as rvir-ie a range as
possible r'or tnrheat protein content shoulcl he analysed ilor breadinai:ing quaiit'.
Quality cÌata from singl_e breedi_ng j.ines could then be comparecl to t.he daÈa
for l{anitou sampJ-es of eqrtír¡alent proËein content from trre same nursery.
The lvheat proteín content of ai-i indívictual bieecling lÍne coulrl a]-so be com-
pared r¿itìr the t-'¡heat protein content of trre adjacent control . T1re latter
value l¡oulcl provr'-cle an esËímate of the i^¡heat proteÍ,n con.t-ent,,potentÍal,,of
that part r:f the selectÍon nurserye ancì trre r^rheat protein conLent oi tr-re
line tvoulci have to l;e of a siniilar order in orcler for trre líne Lo be retainecl
in a breedÍng program i¡:i r'¡hich h-igh hreaclinahing quality was a major o.bjecti_ve.

The forrrth narË of this pro.ject constitute-d a stu<iy of the effectiveness
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of selection for certäiD yi-eJ-ci an<l breaclmaking c1ualíty paraÍneLers of Triticum
aestívun L' on the unreplicatecl F3 line Ï¡asis. The only characters for r¿hich
the mean performance of F5 ponulations coul-cl be pre<ìíctecl fron the 13 líne
performance Ì'/ere t¿heat protein conteni anci Farinograph cilaracteristics
(exclrtding mÍxing tcrlerance índex), and in one year out oi three for ,,plot

grams Yiel'ct' and "Percent of adiacent control yielcl ." The goo<i reJ-ationshÍp
be'ttveen F3 anc'l F5 for the tv¡o yi.eJd varÍables r,¡as ol>tained Ín the only year
of the three ín whj-ch the rnaximuÌì1 rãnge of yie].ds in the F3 population r¿as

sam¡rled' selection r,¡ithin the upper region of Ll-re spectrum 1n F3 for either
of the yield vari-a1¡les alone was ineffectir¡e ín trre other tr,¡o years, but in
all three l¡ears the "best yieldíng" F5 populatíons r,¡ere cl erivecl from F3 plots
v¡hÍch r'¡ere in the higher âreâ of the F3 population for both yieJ-cl varj.ables.

Iìesults J:rom inte-rgeneration compârisons for yield inr¡olving F4 bulk
tests in<licaied thaE in ÈhÍs study the l,a"tter test r.ras not particularJ.y use-.
ful- from a plant breeding po:lnt of vi.eru. signi.fícant yielct differences
Ïrettveen the F/+ Jlti-l-l<s v¡ere obLained in on1-y one of the t\.ro yeârs in r,¿¡ich t¡e
F/+ bullc test 

'^ras 
gro\lrn, even Èhough signÍficant yielcl clíf ferences existed

bettueen relatecl F5 iropulations in both of these years" The rel-atÍonshiÐ
bet-v¡een the mean F4 hu-l-!: vield ancl the mean F5 popul.ation yielci r,ras sÍgnif:i,*
canr l'.n on11' 6ns year of the t'¡o. since the F4 Ì:u1k test ancl the test of
related F5 populations aïe groÌùn in the sâme yeaï, ancl because the <jata from
the F5 generåtion is likell, to be rno::e useful to the breeder clue to an
increasecl amount of= hornozygosÍtir of trre F5 over trre F4 generatione trre
continue<l use of T:he F4 bulk test is of ratlrer questÍonabre va.lue in the
sysÈem of selecrion suggested by Shebeshi tlfO1.

rn each of tire three l¡ears sí.gnificant clifferences were founcl betr¿een
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the means of tlte F5 popuJ,ations for each of the yielci and breacirnakÍrrg qualitl,
para¡leters, ruirh on] v minor exceptions" For those characters r.;hich shor¡

significant differences betro'een populations Í.n F5, and iri rvhich a goocì

relationshíp is demonstratecl betu'e-en the pei:formance of selections in ¡he

F3 and F5 generatíons, selecËion in the F3 generation cân be recommenclecl"

Selection bettveen F5 popuJ-ations on the basis of signifícant clifferelces r^¡ould

appear to be a useful procedure for rnaking genetic pïogressu as each F5

populatíon traces bacli to a dífferent F2 plant. QuantítatÍve clifferences

betr'¡een the F5 popr:lations slloulcl therefo::e Ímply real genetic differences
bet\{eerr Lhe populations.

Though thís r^ras not one of the nnain objectives of the thesis estimates

of broad sense herítabilitÍes rve::e calculetecl ín 15 for each of ihe yíelcl and

breadmaiiing quali-ty iråraneters, in each of the three years" The r¿ethocl of
calculation ancl results are given in ÂPPElilDrx 6" The heritabi.j-íty values

give some ínclication of the líliel1' effectiveness of selectj_on betr.¡een F5

populatíons, the ef f ecLir¡e¡ress being greater for characters rvith ¡:Lg¡er

heri Labil:i t¡r val_ues .

Tn the sYstem of gror'ríng F3 lines -¡l-iích has been useci in this stucì1,,

each F3 plot yi-eld or quai-íty determinatíon represe.nts the ¡rean y1elcl or

mean quali'ry nerforlnance of a míxture of genotypically c1:rifferent plants gro\,.rn

in il-re same plot. The numJ:er of plants in each F3 plrrt l-imíts tire range of
genotypes r'rhích r'rill- be retained from eaeh F2 progen-v, as rloes.i:he- size oi
f:he F4 population of spacecl pJ-ants ancl tJ.re síze of eacli F5 poprrlation per

F3 line. Iilorvever, tuhaÊ,evei: the size of populatíon usecì in each generation

Lhe mean of the popul-ation is an estí¡iate oi the rnean genotype in that
generatÍon" The mean of ¿rn F5 population as used in this stucly represen¡s
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tlte' nean of a se::ies oi genoiypir-cally clifferent F5 iines al-l- oJ: r.rhícli are

clerir¡ecì from the same F3 line. Tirus the v¿¿rialrj.,l_it;, i.ririch exists r,¡ithín

the F5 populat.ions j.s clue to 1-) genetic variab:l-lity betr,reen F5 lines,

2) environmentalllz inriucecl variability both r.¡íthin and betr¿een F5 lines, ancl

3) variabíl ity dr¡e to interactÍon of F5 genot)¡pes tv:'-th envj-ronment. It is
suggested that usef¡,r]- estimates of the rel-atÍve anounts of varÍati-on clue to

these three different sources r¡íthin F5 popuJ-ations eould be obtainect l-ry ttre

use of replicated F5 lines in the F5 nurseries. A similar system coulcl also

be used in the F3 generation. Use of replication r.¡oulcl , of course, concurrentll,

recluce- tlte number of different F3 arrd F5 L'-nes r^/hich could be hancllecl in Lire

program but l^¡oulcl al1ow pr:oper estimates of heritabilitv i' both the F3 and

F5 generations to be maile.

As an extension of this aoproach, it ís suggested tliat sgrne of Èhe

folloruing methods could usefully be aclopterl for furthei: investigation oi the

system of sel-eciion in the F3 generatj.on llor q.uantitative char"ccters, t¡at
iras suggested by Shebeslci in 1967.

1" The F3 nursery shoul-ct be of a clesígn i¿here each F3 l-ine is represented

by Ëvro replicates in the same nursery. In the three year study reported above,

approxímately tr'o-thii:cls to three-quarters of the harvested F2 plants woulcl

have l-iad sufficient seed for this to be clone" Stati-stícaJ- comparísons be-tr,reen

genotypically clíf:ferent F3 lines coulcl thus be made, heritabil-iÈy estimates

coulrl be calculatecl in the F3 generati.on, and Lhe use of replication rníght

somer^rhat reduce the requirement for frequent conLrol plots in the nurser]¡.

RepJ-ícatíon of F3 lines woulcl also alloÌ.r a neasure of the experimental- error
ínvolved ín the use of yíe1d infor-mation from acljacent control plots.

2. The samplíng of F3 popul-ations to determine which F3 lines rvíl-l be
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stuclíed in subsequent generatíons shor:lci be conducrecl in a statÍstica111,

rlef inecl nìâriner" The use of conpletely ranclom sampl-Íng o-r stratified sampling

of an F3 population t"oul-d be useful for ensuring Êhat the l:ange of variability

for the partl.cular character ín the F3 population j-s full)/ represented by tl-re

selectj-ons" In the in:Ltial stäges of investÍ-gation emphasis sìrould be placeri

more crll lhe selection of a large number of F3 f.ines, each to be represen.t-ed

b;' re-latively feru F5 lines, rather than on selecEíon of ferv F3 lines each

to be represented b¡' a l-arge number: of F5 lines. Dependi¡.g olr the results

obLaine<l from stuclying the effect of selectíon Ín the F3 generation on the

broad basis, subsecluent ínvestigaiions could be restri{ecl to Lhe use of fer+er

F3 selectíons from each F3 populaLi,on. These selections rvoulcÌ represent only

the pl-renotypically more clesirable portion <lf the spectrum avail.able in the

F3 populaLion. Determj-nation of tl-re relative amounts of genetic var:iabilíty

availat¡Ie '"vithin each of the F3 lines could then be achí,evecl by grorving ar:rd

analysing large numbers of li5 l-ines der:lved from each selected F3 line.

3. The F5 nurgeries should be of a design ruhere e¿rch F5 line is represenLed

by t''oo repl is¿¡so. Esti¡tates of the amount of genotlrpic varíabÍlity rvithín

ancl betrveen F5 oopulations couJ-cl thus be obta:Lneci and reliaì:le estimates

of heritabllity cal-culate<l. Ileplication of F5 lines might also reduce the

requiremenÈs for frequent control plots, as Dreviorls1y inentionecl J:or the 13

nurseríes 
"

4" /-rn agronorníc stud.rr of ttre performance of \{Iìeat varíeties r,.thich

represent a r¡jr-de rânge of lcnor¡n yíeJ-díng ability shoulcl be conducËec1 , in

order to deLernine the extelìt to rn'hich the methods of srnall- plot see<ling

influence the f i.nal yield of rvheat variet.ies in sr¡Lall- plot trials. SucJr

experíments shoufui ir-vesi:igate the relative merÍts r¡Jl Èr,ro, three and four
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ror'¡ plcts aL val:,i-ous corrÌ-.j-nâtíons of seecLing ïate ancl ror.¡ spacings, and

sJrould ¡:elate the resul-ts f roi-¡r the small plot trials to tire perfo-rinance of

i-l-re varíeties groiun in large scale f ielcl È::ials. Resr-rlts irom such a stu<J.1r

might inclicate rvliether the three roiv ploL type as used in thís stuciy r"ras Ëlie

best for surall pl-oÈ nr-r::series, oi: r+lieLher some other plot type. r¡oulci i;e ¡nore

rel.iable 
"
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