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ABSTRACT

Salmon, Donald Frank. Ph.D.

The University of Manitoba, May, 7977

EVALUATION OF BREEDING METIIODS IN TRITICALE

MAJOR PROFESSOR: E.N. LaTTeT

Dr:ring the summers of L972 and L973, a total of çíght hexaploid

triticale (X triticosecale l,Jittmack) populations ïrere evaluated for

Èheir yielding potential based on the F, and F, generations. In each

year, one low yíelding, L\,ro intermediat.e and one high yíelding F,

population \,üas retained for F, evaluation in an early generation

yield Ërial during 1973 and L974. Comparison of F, and F, yield rank

ancl the number of high yíelding F, famities produced by each popula-

tion indicated that evaluation of c.rosses on the basis of F, síngle

plant yield r,¡as ineffective for the selection of crosses with a high

yield potenËj-al i-n subsequenË generatÍons.

In 1973 and L974, t.he same eight populations r^rere vísually

evaluated for yield by experienced (plant breeders), novice (graduate

students) and inexperienced (summer sËudents) selecËors. ResulËs of

chi-square analyses índicated that superior línes constituted a

higher proportion of the selected lines than r¿ould have been expected

if selection was random. These analyses also revealed that ex-

perienced and novice selectors selected a higher number of the top

t.en lines ín each population relative to a random sample. Com-

parison of selection response and efficiency in T973 and L974 indi-

cated that the experienced selectors $rere superíor in their relative

select.ive abílity compared to the less experienced selectors. In

:)
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addition, the mean yield of the top t'renty lines selected within

populations did not in general deviate sígnificantly from the best

twenËy lines selected by the yield trial.

The ten highest yielding, ten lowest yíelding .rrå " random

sample of t.en lines \^rere retained from each of the four populations

in the F, early generation yield rrial (L974). rn addirion, ten head-

ro\^rs containing superior.segregates r^reïe retained wÍthin each

population groÌdrl in a headroT^r nursery concurrent with Ëhe F, early

generation yield Ërial. Bulks produced from each selection group in

each populat.ion vlere grown in replicated yield trials at Glenlea and

Carman, Manit,oba and at. t.he CIANO Research SËation, Cd. Obregon,

Mexico. Combined analysís of t,his mat.erial at each of the three

locations indicated that no difference existed between bulks pro-

duced from lines selected for hígh yield in the F, lield nursery and

visually in the headro¡¡ nursery. Combined effects of both bulks were

superior to the random bulks at all locations. Combined analysis of

the Èwo Manitoba locations indicated that bulks produced from the

headrow selecËj-ons had a significantly higher number of spikelets per

spike than all other selection bulks. Selection of the lowest

yielding ten lines in each population ín the F, early generation

yield trial resulted ín a signifícant reduction in tiller number,

relatíve to the random sample

. 
All lines exceeding the nearest check p1oË by 25 percenË rlrere

retained from the four F, populations in 1973. Al1 families r¿ere

represented in a space-planted nursery at the CIANO Research Station,

Cd. Obregon, Mexico during Ëhe winte r of L973-74 and in space-

planted nursery at üIinnipeg during Ëhe summer of. L974. All families
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and lines wiËhin families in each population which were light in-

sensitive at CIANO \^Iere retained. An equal proportion of families

and lines were selected for yield on the basis of visual criteria

and at random in l^línnipeg. Bulks produced wíthin each population

from each of the insensiËive, random and visual selection groups i',,..,t-

rrere grown in a replicated yield trial at Glenlea and Carman,

Manitoba (1975) and aË CIANO (wínter of. L975-76). Individual and 
l

combined analysis of the two Manitoba locations indicaËed that the lilt;,';,,

insensiËive bulks had a signíficantly lower yield and Ëest weighl 
i::t;t':'

'.,-. ..:. .:: ,

than the random bulks. No significant differences occurred bet\,/een 
i''"""""":''"

bulks for yield at CIANO. However, Ëhe insensitive bulks had a

significantlyhigher200_kernelweightbutalowernumberofspike-

leËsperspikethaneíthertherandomorvisua1bulksínt'hecom-
i

bined analysis at CIANO. 
i

l
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OREI'TORD

This thàsis has been vrritten in manuscript format. It consists

of a literature review, four manuscripts which r^iere prepared as

recommended by the Journal of Crop Scienee, a general discussion and

a sunmary. Manuscript I, "Fl Evaluation of Yield Potential in

Hexaploid Triticale" will. be submitted as a shorË note. Manuscript

II, "Visual Selectj-on as a Basis for Yield Prediction in Hexaploid

Triticale"; Manuscript III, "A Comparison of Early Generation (Fr)

and Pedigree Selection in llexaploid Triticaler!; and Manuscrípt IV,

"The Effect of Selection Under Diverse EnvironmenËal Condítions on

Yield and Yield Related Components in llexaploid Tritícale"; will be

submitÈed to the Journal of Crop Science for publication.
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INTRODUCTION

According to a review by Lorenz (,1974) early sËudÍes on tritÍcale
(X TriticosecaLe ürittnack) were 1imÍted by the occurrence of sterilíty
in the Fr. As a consequencer mêoy early researchers doubted that
conrmercially viabl-e tríËical-es could be produced. IIe pointed ouË thaË

thís remained a severe restïÍction on progress in trÍtícale breeding

until the discovery, ín the l93o's, of a techníque for chromosome

doublÍng.

Qualset et a1. (1969) concruded Ëhat one of the most serious

problens wÍth early triticales grown in southern LatÍËudes r¡as Ëhat

they were J-ight sensiËive. A najor sËep towards solving thÍs problem

and developing triticale on a large scale was the developmenË of a

cooperative Program betr,¡een the Universíty of Manitoba and CIMMST

(InternatÍ'onal Center f,or the Improvement of wheaË and Maíze) in 1964.

ThÍs also facil-itated the incorporation of genes for short stature from

Mexícan sources.

rn general, Ëriticale breeding progr¡ms have been based on

techníques developed for other cereal crops. To the present tiue ,

tritíca1es at the university of Manitoba are subjected to F, early
generatÍon yield selection (shebeski , Lg67). Fz space-plarrted

nurseries at Ëhe crAuo Research sÊation, cd. obregon (northwestern

Mexico) during the wÍnter months serve the purpose of rapid
generatÍon advance and the productÍon of seed for the F, early generation
yÍeld trial.

The use of F, space-planted nurseries at cIANo requires that crosses l-:i:.i-::::
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be light insensitive or contain light insensítíve segregaLes. In

additíon, only a few crosses may be grown. ConsequenËly, Frts must

be discarded on the basis of visual evaluation and F, plant yield.

In comparison to other cereals, trit,ícale has had a very short

evolutionary period. At the present Ëime, most of the primary and

secondary tritícales sËill show meiotic instabíli-ty. Gustafson and

Zillinsky (tOlZ¡ and subsequent researchers have noted'the occurrence

of wheaË-rye chromosome substitution. Gustafson and Qualset (1974)

suggested that extreme selection in Ëhe F, and subsequent early

generat.ions could result in the loss of highly desirable genotypes.

hlith these factors in mind, the present, series of experí-ments T¡rere

conducted to investigaËe: f) the reliability of F, yield as a means

of identífyÍng crosses which prod.uce high yielding segregates in an

F, early generation yield tríal t 2) the influence of experience on

the abiliry of selectors to visually identify superior plots in an

F" early generation yield trial; 3) visual selection (pedigree)
J

and F, early generation yield selecËion as meËhods for the advance-

ment of generations in Ëriticale; and 4) the influence of selecËi.on

for light insensítive genotypes on Ëhe yielding ability of triticales

gïor¡Jrr under long photoperiod conditions.
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LITERATURE REVIEI^I

Parental Selectíon

As in most of the cereaj species, a major problem ín a triËicale

breedíng program is the sel-ection of parental material. For parental

selection to be most effectíve, it must result in the esLablishment of

cultivars which when crossed wílL produce the largest possible number

of desirable segregates.

Srnith (L966) suggested that parents should favorably express

desirabLe characterist,ics and be of sufficiently diverse origin Ëo

result in desirable transgressive segregation. Bhatt (1973) working

Ìrith lrheaÊ, found that breeding nethods based on ecoLogical díversíty

resulËed in the higher degree of transgressive segregation necessary

for yield ímprovement.

The results of studíes conducted on maize by Green (1948),

T.onnquist, (1953, 1968), Lonnqui.st and tíndsay (L964), also by Busch

et al. (1974) with rrheat, indicated that progenies with rhe highest

absolute yÍelds came from crosses of 1ow x high yieldÍng parents. They

found, however, that the greatest nunber of high yieJ-dÍng l-ines sternmed

fron high x hígh combinatíons. In contrast, Johnson and Hayes (1940)

found littLe difference ín the number of superior maize Ínbreds

produced by eíther high x high or low x high yielding crosses.

Consequently, although nethods based on ecological dÍversity in

theory gíve the greatest chaoce of obtaining erosses wÍth segregates

above the yield levels of the parenËs, no concrete conclusíons can be



made in terms of which parental combinat,ions give the best resulËs when

considering yield Ímprovement.

Cross Selectíon in the F,

Due to the variability in results on selecËion of parental

materi.al, many studies have been conducËed on Ëhe evaluation of F,

hybrids. As a consequence of these st,udies, the ímporËance of

environmental interactions and het,erosÍs has been enph asized,.

Evaluation of F, hybrids, on the basis of yield perfornance, has

been hampered by their expression of rrhybríd vi.gorrr or heterosÍs.

Cress (1966) proposed that intraLocus inËeraction could resulË in

negative heterosÍs in wheat, removing the validity of F, yield t,ests.

Rosenquist (L931) working with r,rheaË, observed Ëhat the degree of

heÈeroËic expression was greatly influenced by interplanË competiËj-oñ.

More recenËly, Kníght (t-g73) reported that the expression of douinance

and over-dominance was affected by environuental conditions.

Lupton (1961) concluded rhaË F, Iields h¡ere noË indicative of

yielding abiLity in wheat, although crosses wíËh a hígh F, líeld
produced a higher frequency of desirable segregates. Busch et aL.

(Lg76) on'the other hand, obtaíned hÍgh correlatÍons bet$leen the F,

and F¡ and F, and F, líelds. Briggs and Knowles (1967) summ¡¡f2sd

Lhe ínadeguacies of conducËíng F, yíe1d Èrials as follows: L) seed

quântÍties are frequently too smal1 for replicated testing; 2) the

yieJ-d of widel-y spaced F, plants are not correlated with the yields

of more closely spaced pLants; and 3) F, heterosis ís a najor obsÈacle

for predictíng yÍeld potentÍal in subsequent geneïations.

^-,,î.r-.:. .:

i
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4arlv Generatíon Yield Selection :

. Based on Mendelian genetics, tbe highest degree of variability

avaÍlable'in any population of segregating individuals occurs in the

F. generation. under this hypothesis, the greaËest probability of¿-
gaí.ning desirable segregates occurs in the Fr. Studies eonducËed by i,: ::

':.-.. :1::

BelI (1963) with barley, Allar d (Lg67) and Mackey (1966) wiËh whear,,

have revealed Ëhat select,ion for sJ-ngle planc yíeld in the F, genera

tion r,¡as not ef fective. McGinnÍs and Shebeski (f 968) found no ,,r,- ,,i,
ir:.:,:.:-:._:_¡_f

correlation between F^ olanr yield and yielding ability in the F, ¡.':'.'':l''1:

progenÍes but indicated that selected lines were higher yielding Ëhan i'i-tr',,tt.

Ëhose obtaj-ned from a random sample l

Based on the prÍnciple that Ëhe rnost efficient means of evaluating 
:

an individual is on the basis of its progeny performance, a number of :

studies have been conducted on the yielding abítÍty of Fr-derived

lines. Ileyne and Snith (7967) hypothesizeð. that F, lines retain the
.

unique ability to represent, indívidual F, plants and the degree of | :

IgeneËic variability in Ëhe F, generation of wheat,. As a consequence, , ;

they reconmend.ed t,he careful evaluat,ion of Fr. lines in a yield nursery | , i:

invorving -sysËematically placed check pLots. The use of F, lield Èrials 
ll¡ìj¡l': 

"':";has also been recomnended in barley by Fiuzat and Atkins (1953) and i,,..";,,;,.:...t': . .. :_.. ''

McKenzie and Lambert (1961), who found that early generation selection

of high yieldÍng lines would be mosË easily accomplished in crosses

l:':..:..rr:., r.¡:with a high degree of yield diversiry 
[ì.'i::*

Whit,ehouse (f953), although recommendíng the testing of F, progenies

for wheat yield improvement, has indicated that this merhod physieally 
ìlinits the number of lines whÍôh nay be evaluated in the Fr. Even

withthislinritation,studiescond.uctedbyKa1inenko(Lg64),Briggsand
;1r 

'r ::' ì i::
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Shebeski (f97f), DePauw (1970) and MundeL (L972) have indicaËed thar

yield improvemenL can be accomplished by the use of F, lield selection.

Sinilar results have been obtained by Hurd (L967) where superior lines

vrere retained from J-arge trials involving Fr-derived F¿ lines. Hurd

further proposed. that F2 progeny testing could be even more successful

if selection was conducted on the basis of F, line yield.

Recent result,s obËained by Cooper (1976) support,ed the use of

early generation selectiorr as a Ëoo1 for yield improvemenÈ in soybeans.

In Ëhis case, Ëhree differenÈ crosses were evaluated over a period of

Ëvro years. Results indicated that yield testing of Fr-derived lines

Ín the F, and FO generations identlfied the best crosses and superior

lines within each cross.

Vi,sual- Sel-ecËion for Yíeld Improvement

irrhitehouse (1953) stated that early generarion yield rrials

limit the nr:mber of progeny which can be evaluated. The use of visual

criteria for selection is noE as severely affected by thíè problen.

Consequently, a nr:mber of studies have been conducted on the efficiency

of visual selectj-on for yield

In general, visual evaluation of early generation space-planted

nurseries has not resulted in a significant yield ímprovement in

subsequenË generations. McGinnis and Shebeski (1968) found that

selection of single F, plants, on Ëhe basÍs of yield, increased

populatÍon mean yields but selecÈion of planËs r,¡ith a high level of

vigor was'more effective. Knot,t (L972) found that visual- selection

improved the yield of eight wheaË populations but recomrended. Èhe use

of F, yield Lrials. The results of an earlier study by Arkins (f953)
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'''.indicated that yield improvement, could be obtained by visual evaluaËion

of single planLs. However, thís nethod was only efficient in

identifying lines which would be 1ow yielding in subsequent gerierations.

Poor results have also been found when visual selectíon was

conducËed on a line basis. Studies conducted in soybeans by Boyce et .., 
'1,.,,.,

aL. (1947) and in whear by Krul1 er a1. (Lg66) showed Ëhar vÍsual

selection r^ras as effi.cient as plot yield for improving yiel_d. More

recent studies ín wheat conducted by BrÍggs and shebeski (1970) , '

Townley-Snith er al. (1973) and Munde L (Lg7Z) usi.ng F, early generation 
l'' .t';.

; :t't 'yielð Ërials, concluded thaË 1Íttle yíeld advancement could be obËained i''::;.';

by visual select,ion. Briggs and shebeski (1970) recornmended that 
l

whereever necessary, visual selectÍon should be conducËed at a low

intensity to ensure ret,enËion of the highest yielding lines in the 
I

)

inursery.

SÈuthman and SueidJ- (L976) studíed visual selecrion for yíeld Ín ,

i

four diverse oaË populations and showed a posiÈíve yield response ín 
I

three of four populations. Deviations in one populatÍon pïompted the 
l

:suggestion that exËreme elinination of large portions of populaËions, 
]'i,.,,1,,on the basis of vi.sual criterÍa, should be eonsidered with cauËíon. 
,', 

',,.t

,,1 
iart',.'

studÍes conducted in soybeans by Kwon and Torríe (1964) and ::.1,,'.:;

Hanson et 41. (L962) Índicated Ëhat visual selectors ürere only able

to identify lines in the extTemes of a yield dÍstribution. Selectors 
:

vrere most efficienË Ín selectíon of the lowest yÍelding línes. Kwon ii:.r'¡'
!.1.:;.1-., r.-:¡

and Torrie (L964) for,¡nd Ëhat visual selection r,üas only 50 percent as

efficíenË in selecËing high yielding lÍnes as selection based on plot
yieId.
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on the basis of studies on visual- evaluation of single spaced

planËs or lines, iË can be concluded that: 1) visually selected lines

are higher yielding Ëhan a random sampLe; 2) visual selecË,ion is most

effective in elininating low yielding lines; and 3) visual selecrion

is greatly affected by the variability in the populatÍons observed^ ,... ..

A Comparíson of Early GeneratioJr and_ Pedigree Selection for Yield

Recencly, Seit,zer (L974) observed no signifieant difference in

mean yíeld or variabÍlity betwee.n wheat lines select,ed by the pedigree

method and the hill plot andF, contiguous method,,of early generaËion

selection. He concluded, however, Ëhat early generaËíon selection

using check plots r'ras most benefícial when dealÍng with crosses of low

yíeld potenËial

Leudders eË.¿r1. (L973) testing earl-y generation, bulk and pedigree

select,íon methods in soybeans, found no dÍfference between meËhods in

t,erms of yield in the F, and Fr. They found, however, that the bulk

and early geneïaËion methods retai.ned a great,er nunber of high yielding

lj.nes than dÍd the pedigree selectÍon nethod.

Sinilar results were obtaíned by Boerma and Cooper (1975). In

that study, no difference in mean yield was observed. for l-ines selected

by either single seed descent, early generatíon selection or pedigree

selectíon. They for:nd, however, that lines selected by means of single

seed descent and pedigree sel-ection r¡rere generally earLier in maturity

than lines selected by neans of early generation evaluation.

an earlier study by Raeber and trIeber (1953) indicated rhar a

compromise should be ¡nade between early generation and pedÍgree

selection. They reco"'-ended that where possible, lj-nes should be



ËesËed for yielding ability in a replicaËed F3 nursery and superior

plants selected simultaneously from a space-planted nursery.

Yield Components and Harvest, Index

Yield componenËs have been important factors in methods involving

early generation yield and pedigree selection. yap and Harvey (rg72)

suggesËed that yield components are considered to be conËrolled

prinarÍly by additive gene action. The presence of negative correla-

Lions and, compensation between components have been major problems Ín

yierd predicËion. The presence of negatíve relatíonships has been

observed in barLey (Rasmusson and Cannel1, L97O; Stoskoff and Reinbergs,

L966), fíe1d beans (Duarte and Adams, L972), soybeans (pandey and

Torrie, 1973), triticale (Gebremariam, L974) and in wheat (Fonseca and

Patterson, 1968; KnoËt and lalukdar, L97L; Reddi et a1_., L96g).

Yield componenË compensatíon has been explained on the basis of

two possible nodels. Rasmusson and cannell (1970) explained the

phenomenon as beíng due to f-inkage beËween genes r¿hieh promote an

oPËinal balance among components. Adams and Grafius (197L) observed

that this nodel does not allow a sufficienËly high degree of flexi-

bility expressed by components in response to available resources.

They explained compensation as a balance among sequential components

achieved prinarily through an oscillatory response to a Línited

quantíty of resources. Thus in seed crops, a compromÍse occurs for Èhe

utilization of avaÍIable resources.

According to Adams and Grafius (L97L), basic differences in these

Ëwo models .requÍre different approaches in terms of selection technÍques.

!-.,:. .: ,

i:i¡,.':i
r":



In the case of the linkage model, selection must be practised to break

unfavorable linkages and Èo identify superior recombinations. As for

the oscillatory model, the breeder must promote desirable recombínaËions,

increase the flow of environmental resources through a period of need by

the components and raÍse, by means of selecËíon, the geneEic ceilings i,.t't,,,'

that influence the capacity of a component to respond when resources

are available.

StudÍes conducted with wheat on factors relaËed to yield have shown 
,,,,,r,.,,:;

a v¡'ide range of variabiliËy in resulËs. studying F, populations, Lee 
.""'1'-

and l(altsikes (1973) and Utz eÈ aI. (1973) have indicaÈed a correlation ;t'.:'t,]

beËween yield and plant heíght. The importance of tillering for yield 
I

I

predictÍon in r^rheat has been stressed by Fonseca and PaËterson (1968), 
i

McGinnís and shebeskí (l-968), Hsu and I^IaLton (1970) , Das (rg72), Mundel I

j

(Lg72), I,lalton (Lg72) and. Dunder (Lg74). OËher factors shotin to have a :

significanteffecËonwheatyie1dare:1)kerne1weight(Fonsecaand
l

Patterson, L968; Das, Lg72; trIalton, L972; Dr:nder L974; Ketata eË aI. , f

i

L976); and 2) kernels per spike (Fonseca and Pat,Ëerson, 1968; trIalËon, l

L972;Dunder,L974).KetaËaeta1.(l976)indicatedÈhaLprob1emscou].d
1,"'-,t.--'

occur in selection for yield ímprovement, using yield related factors. ." 
''

' '1,:,t,:..Results of an inheritance study showed that plant height, ti11er ì::.:::

number, kernels per spikelet and grain yield per se are influencqd

by epistat,ic genet,ic effects. Kernels per spikelet, kernels per spike

and kerneJ- weÍght were governed, mpinly by additive gene effects. j..:.',,¡r
-;,r..:.ìr:.

Yield conponent studies conducted in barley and oat,s tend to

indicate sj.mílar varíabilíty in resulËs. sampson (1971) found, on the

basis of ínheriËance studies conducted on yield and related factors in

lt' r 
:l
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the Fl, F, and F, BeneraÈions, LhaË yiel-d component gene acËion in oats

was maínly addítive. In this sËudy, yield per panicle was estimated as

being a good criËeríon for yield selecËÍon. sËoskopf and Rei-nbergs

(Lg66) have for:nd thar seed per head (barJ-ey) and panicLe (oats) were

important factors relating to yíeld. They staËed, however, that the

poor rel-ationship of yield and tillering, and Ëhe negative correlatíon

of ËÍllers and kernels per spike could ín some cases result in yieLd

reducËíon if selection was carried ouË for tÍl1er number. Rasmusson

and Cannell (1970) studying barley, have shown Ëhat selection of spikes

per plant and kernel weight are effecËive in increasing yíe1d, however,

selecËion on the basis of kernels per spike could in some cases reduce

yield. As a conseguence, they concluded that although some yield

improvemenË will occur with selection for yíe1-d on the basis of yield

comPonenüs, the fact ËhaË both genetÍc and environmental facËors affect

phenotypÍc correlaËions reduces Ëheir reÍi.abÍliËy as indicators of yie1d.

They concluded thaË selection on the basis of component,s shouLd not be

employed as a general procedure in a practical breeding progran.

As in many oËher aspects of study, very little data have been

compÍIed on the influence of yield. components in triË,icale. Sethí and

Singh (1972) for:nd a strong positive correlation between tiLlering

.capacity and yíeld. Gebremariam (L974) on Ëhe oËher hand, found a

negaËive correlaËion beÈween ti11e::ing and yie1d. Kernels per spike

has been shown to be an important yield-relaËed factor by Gustafson

(L972), BarnetË eË al. (1973), Gebremarian (1974) and Chen (L974) .

In addÍtion, Gustafson, Gebremariam and Chen have indícated posiÈive

correlations between yield and kernels per spikelet. Gebrenaríam has
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also suggesËed that days to maturíty and plant height are importanË

yield factors in the ËriËicale cultivars 'Rosnert and rArnadÍllor.

By regression analysis, he found that plant height accounËed for 65.1

percenË of the residual sum of squares for plot yÍeld.

A study conducted by Zillinsky and Borlaug (1971) emphasízed rhe

effect of environnent on the expression of certain yield components in

trÍtÍcale. They observed that select,ion for LÍght ínsensiËive triticale

lines resulted in a yield reduction due Èo the fact that light insensÍ-.

tive lines prod.uced a considerably lower number of tiLlers Ëhan light

sensitive types.

Donald (1968) sumnarized the problems which may be involved in the

prediction of yieLd on the basis of yield componeot,s as follows: 1) the

proportion of addítive variance relative Ëo environmental- and error

variance; and 2) differences occur in the conpetiLive enviroÍtment

between spaced planLings and acËua1 crop condiËions. Earlíer, Donald

(Lg62) proposed harvest, index as a means of yield evaluatÍon rather

than yie1d. components.

studíes conducted by syne (rg72), Nass (L973) and Fischer and

Aquilar (L975) have shor¡n highly si-gníficant correlations berv¡een

harvest, index and graín yield. More recentLy, FÍscher and Kertesz

(L976) studying a number of yield rel-ated factors and harvest index,

concluded that harvest, Índex !'ras a valuabl-e criteria for estinating

pLot yield. on the basis of singLe, spaced plants

The Influence of Photoperi.gd and lts Interactíons I,IíËh

Environment on the Development of llheat and Tríticale

I^Iith Ëhe begínning of the rrGreen Revolution" an Íncreased demand



for widely adapted líght ínsensitive cereal varieties occurred. One

of the major sources of light insensitive wheat and triticale lines

has been the CTMMYT (rnternational Maíze and l^Iheat rmprovement

center) organízation in Mexico. Krull et al. (1968) indicated that

environmental problems caused by light sensiËivity have been over-

come in Ëhe CIMMYT breeding program

selection of líght ínsensj-t,ive lines, in addition to incurring

adaptive advantage, is an import.ant means of increasing seed stocks

in the lower latitudes, and by growing winter nurseries the time

required from hybridizaËion to the Ëestíng of advanced generations is

reduced. Quick (L97L) has estimated t,hat in durum wheaË, one bushel

could be multíplied to four million bushels by the use of winter nur-

series in Arízona and California. KilpatrÍ_ck et al. (L972) have

stated that incorporation of light insensitivity would also allow a

more adequate means of measuri-ng disease resistance under short-day

condit.ions. At the present tíme, the University of ManiËoba

utilizes wínter nurseries ín northwesteïn Mexico.

Selection of líght insensi-t,íve lines has been facilitated by the

simple inheritance of photoperiod response. Pinthus (1963) found that

the wheat varieËies 'Yuma' (sensitive) and I Zenatí/Bontiellet

(insensitive) differed by two linked 1oci. Similarlily, studies

conducted by Pugsley (1965, L966) índicared thar day-lengËh response

hras controlled by one or tr¡ro gene sysËem. Borlaug (1965) found that

day-length ínsensitivity in the hexaploid variety 'Sonora 64' was

inherited as a simple dominant. He also índicated thaE light. insen-

sitivity was inherited as a dominant but \^/as transrnitËed with lower
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penet,rance in ËeËraploid r¿heats than in hexaploid Ëypes. In a nore

recenË study Lebsock et al. (L973) found that líghÈ insensitivity rnras

sinply inherited in Ëhree crosses of spring wheaË. Studies conducËed

in common wheats have shown that a large porËíon of envíronmental

variabilíty nay be attribuËed to complex interactíons beËween vernal-

.ization (genes for winter habit), temperature during the early sËages

of development and photoperiod response. Evidence of such interacLions

has been reported by Syne (1968), Pugsley (1970), llalse and trIeír (1970)

and Levy and Peterson (1972). These researchers found Èhat vernalíza-

ËÍon of spring wheats Ínsensitive to photoperiod resulËed in reduced

ti11er nr:mber per plant and spíkel-et number per spíke. In addítion,

Ileiner (1971) has indicated that nany of the comnon wheats may contain

genes which are responsive to l-ow Ëemperatures. Consequently, when

combined with iight insensítiviËy, rapid developmenË results.in reduced

tiller production, shorter strarü and earlier maüurity than temperature

responsive buË light ínsensÍËÍve genotypes. AlternaËÍvely, Hurd-Karrer

(l-933) and Syne (1968) have shor^m a sÍmilar effect if f-ight insensitive

Lines are grown under a long-day environment \rith high tenperatures

during elJ-y seedlíng developmenË.

SÍniLar studÍes, conducËed on the effect of short day-l-ength on

the development of cereal crops, have indicaËed that Íncreased

deveLopmental periods in phoËoperío,il sensiËive lines have a sÍgnifÍcant

influence on many of the yield componenËs. Rawson (L97L), studyÍ.ng

this effect on both ruheat and triticale línes, found an increased

nunber of spikelets per spike in both species under short-day condj-tlons.

The most extreme effect was found in triticale which continued Èo
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respond afËer the wheat genoËypes had reached an apparenË maxímum number

of spikelets per spike. In addition under extreme condítions, Ëhe

tritj-cales produced a larger number of ínfertile terminal florets.

Zillinsky and Borlaug (1971) also noted that a short photoperiod had a

drastic effect on the number of tilLers produced by lighË sensitive

genoËypes. They found that light sensitíve segregates required at

l-east two weeks longer to reach maËuríty buÈ pïoduced twice as many

tillers as líght Ínsensj-tíve genotypes.

Lebsock et al.'(1973) conducted a sËudy on the yieLding ability of

near-ísogeníc light sensitíve and insensitive wheat lines to deËermine

Íf selection for líght insensÍtivity had an adverse effect on the yield

poLential of lines gror^rn Ín yield trials throughout the northern UniËed

SËates. Results showed thaÈ sensitive and ínsensítíve F, buLks and

near-isogenic FU lines differed litt1è in terms of yiel-d when compared

over all locatÍons. Analyses of individual locations showed thaË

insensitive F. Lines yielded as high or hígher than senstËíve lines aË
b

two of three locatÍons but were 40 percent lower yieldÍng than sensitive

lines aË the third location. They concluded that hÍgh aËmospheric

Ëemperatures and long-day conditions resulted in the lower yield at one

locatíon and that selection for i-ight insensítivity was not adversely

affectíng the development of li.nes r¿ith a high yield potential- for

higher latitudes.

Rel-iabi1íty of Chqck Plots in RemovÍng EnviroFment+l Varíation

The quanËity of seed available in early generatíons has been a

major linitÍng factor in conducting early generation yield Ërials. One

prominent solut,ion to Ëhis problem has been Ëhe use of check varíeties
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Eo account for environment,al variation in place of replication.

Shebeski (L967) formulated a system of early geneïatíon yield Ëesting

based ori sysÈematically placed check plots. I^IiËh Ëhis method, the

yield of superÍor plot,s are identified by yíeld in grams and plot yieJ-d

expressed. as a percenËage of the nearest check plot.

rn general, however, the relÍability of analyses based on ctreck

plots has been questioned. As early as 1_914, Salmon stated that

although check plots detected variatÍon due t,o soil heterogeniety,

they should not be used ín place of adequate replication. Prítchard

(1916) on the other hand, indicated. thaË check plots were adequaËe when

used, Ëo compensate for variabiliËy due Ëo soíl heterogeneÍty. yates

(1936) and Baker and McKenzie (L967) have questíoned the value of check

plots, on the basis of theoretical considerations, unless an analysí.s

of covariance rras used ín place of an anaLysís of varÍance. MiLton and

Finkner (L967) have found Ëhat analysis of covariânce involving check

varietj.es in aLfalfa increased the efficiency of tests from 38 percent

to 528 percent.

The Impl-ications o{ Competition in PLant Breeding

Many'of the methods of early generation selection used for yield

det,ermínation involved the evaluat,ion of entire segregatÍng populations

or single plant progeníes on the basis of their bulk yÍe1d. prevíous

studies have indicated that evaluation of F, hybríds ís substantiallyt
influenaed by envÍronmental factors. consequently, r¿ide variation

occurs in type and degree of heterotic expressíon. In m¡ny cases thÍs

is due prinarily to interplant, competiËion. This type sf ÍnteracËion

could be of paramount ímportance in the eval-uaËion of segregaËing

l : r.r: .i
l::l'r
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populations based on bulk yields.

Donald (f958) studi-ed the effect of competition for lighr and

nutrient,s on the productivity of Lolium and Phalaris species. The

resulting data indicat,ed the superior compeEitive abilÍ-ty of the Lolium

species for these facËors. Phalaris species on the other hand, under

compeËit,j-on showed a definite reduction in ability to assimílate both

light and nutrienËs for the producËion of photosynthate.

Ilenson and Hanson (fgbZ) studied the effecÊ of eompet,Ítion on the

productivity of soybean mixtures. It was found Ëhat blending of

varieties did not result in superíor yields but within the mixtures

certain varieties yielded more at, the expense of others. As a result,,

Ëhey concluded LhaE geneti-c analyses of plant variability for yield

may be ext,remely misleading when eit,herplant competition or differ-

ential response to space is noE taken into considerat,ion

Studies based on the effects of eompetition in cerea-l s frequently

show dramatic changes in yields relative t,o pure stands. Allard and

Adams (1969) studied thÍs problem in both wheat and barley. Results

indicated that lines whÍch perforn well in mixËures generally are

inferior in pure stands. Neutral cornpetitors T,rere little affected by

compeËition but strong competitors which \.rere poor in a pure sËand

T¡¡ere superior in mixtures. High yielding lines of poor competitive

ability were found to suffer severe reduct,ion in productivity ín

mixtures. Similar results v¡ere obËained in Russia by Konovalova (L974)

r¿ith Russian wheat varieties.

To detennine if res!:lts from competition studies involving pure

varj.eties were indicative of the effect of competition on segregaËing
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progenies, Khalifa and Qualset (L974, L975) conducted two studies on

Ëhis subject. The fÍrst experiment, involved the evaluaËion of bulks

consisting of an equal mixture of a short statured, high yÍelding wheaË

variety and a low yielding, sËandard height variety. It r¿as found Ëhat

bulk yíe1ds were superíor Ëo pure line sËands and the contribution of

the lower yieJ-ding variety was Íncreased at Ëhe expense of the se¡ni-

dwarf as exemplified by a reduction in spikes per plant and seed per

spike. The second study involving bulk evaLuation of a cross between

the same tr.ro varietíes, indicated a severe reduction in semi-dwarf

segregat,es and a trend toward,s Èallness in ad.vanced generatiáns. It

was concluded that: 1) bulk performance is not necessarily a measure

of agrÍcultural meriË; and 2) Ëhe use of bulks in crosses from which

desírable semi-dwarfs are to be seLected is not, a recoÍmended practice

due to a'reduced chance of retaining those segregates as a result of

adverse competít,ion.

These results nay be partially subsËanËiated by results from early

generation trials which shor'r an increase ín plant height in wheat.

ThÍs could be a definite problem in existing tïÍticaLe breeding programs

Ín whj-ch one of Èhe najor objectives has been the incorporation of short

staËure. The exÍstíng relationshíp of infertiLity and short sLaËure,

in combÍnat,íon with cornpetitive effects, could further reduce the

probabilÍ.ty of obtaÍníng a wide range of desítable segregaËes.

MeioËíc InstabÍlíËv in Triticale

One of the most important considerations in any triticale breeding

program is Èhe lack of meíotic stability ín oany LÍnes, partlcularly ín

earLy "generations. Meíotíc instabílity results ín a high frequency of

I

1
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aneuploidy whÍ-ch in turn results in poor plant vigor qrith an

accompanying reducËion in yield (Merker, Lg74). As a consequence,

meÍotÍc instability is an important factor in the production of hÍgh

yiel-ding triticale lines.

According to Hsam and Larter (L973) aËËributes which have been

used for the assessment, of meiotic ínsLabil-íty are frequencÍ.es of

univalents, open bÍvalents, arm paÍrs, lagging and excluded chromosomes

at telophase I, r¡ÍcronucleÍ per quartet, and po11en viabil-ity. Kaltsikes

Q974) has sËated that three possíble factors cont,ribute t,o the occur-

rence of uni.valents: 1) a11ocyc1y and precocious chronosome separat,ion;

2) inbreeding depression, deleterious genes, genome rati.o and ploidy

barrÍers; and 3) cytoplasmic effecËs. Although these possíbilitÍ.es

have been thoroughLy studiedl no concrete conclusions have been

obtaíned ín regard Ëo meiotic anomalies j_n tritÍcale. presenca of a

hybrid system Ín triticale, rather than one control-led by either wheat

or rye genomes, has been suggesËed by BennetË and Kaltsikes (1973).

The fact that this Ë¡¡pe of system is responsive to seLection in te:ms

of meíotic stability has been deÈe:mined by llsam and Larter (L973).

As reported by Merker (1g74)r mânï of the early studíes on

tÏÍticale were conducted on the premise that meiotic instability had a

dÍrect effect on the ferti.Lity of trftical_e lines. Riley and chapman

(1957) , Ríley and Be11 (1959) , MunËzing (1966), Munrzing er 4. ( j.963),

Tsuchya (1972), Ilsa:n and Larrer (1973, Lg74), Merker (1973) and

Gustafson and Qualset (1975) have indicated 1iËt1e direct j,nfluence of

meioÈic ínstabílitf, on fertr'1ity ín eíther hexaploid or octoploid

trj-ticales. Tsuclíîy,a (L972) qualífied hís conclusions on the basis uhat
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meiotic insEability and ferrility may become assocíated when meiotic

instability is extreme

Recent studies have shown that many triticales differ in the

number of rye chromosomes present. In addition, changes in chromo-

some st.ructure have been observed. Gustafson and ZiLLínsky (1973),

Gustafson and Qualset (1974, l-g75), Darvey and Gustafson (1975),

Merker (1975), Gustafson and Bennett (L976), Gustafson'and Zíllinsky

(1976) and Qualset et aL. (L976) have indicated the substitution of

wheat for rye chromosomes in hexaploid triticale. In addítíon,

Darvey and Gustafson (1975), Gustafson and Bennett (7976) and

Gustafson and. Zi-i.línsky (1976) found Ëhat changes occur ín the quan-

tity of heterochrornatin present in the rye chromosomes. Gustafson

and Zillinsky (Lg76) and Merker (1976) noted that changes can oc.cur

in heterochromatin content without damage to Èhe euchromatín or plant

development. Gustafson and Qualset (1975) have suggested thaË

crosses between tritícales differing ín R chromosome substitutions

should be considered analogous to interspecific crosses in which both

homologous and nonhomologous relationshíps exist, resulting in re-

duced fertility ín the F, and later generations.'

Qualset eÈ al. (Lg76) have summ ar?zed. the possible reasons for

the cornmon occurrence of infertiliËy in Ëriticale hybrids and the con-

sequences in developing a triticale breedíng program. These causes

are: 1) intercrosses .of substitutional triticales are expected to show

sterility if the parenËs entering the cross do not. have the same A, B,

D or R chromosomes; 2) translocations in rye chromosomes are known and

steriliËy would be expected in hybrids if the triticales differed for

rrl.: '
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chromosomal Ëranslocations; and 3) trÍticales, dÍffering for
incompaËibiLity genes because of the Ëwo locus system of incompat-

ibilíty Ín ryer Dây show sterility when hybridized.

Due Ëo the resulËi.ng sËerility in crosses between an ever

,j increasÍng n¡.mber of substiËutional triticales, Qualset et al-. (Lg76)

reconmended that hybrids and popuLat,ions should noÈ be discarded wholly

on the basís of poor fertilÍty. In subsequent generations, some of

,. these crosses produce highJ-y fertíLe segregates due to selecÈion for
fertillty in the F, to FO. Gustafson and QualseË (1974) have furËher

', Índieated that fertiliËy in many tritÍcale hybrids may be due to

|enetic sinilarity. Consequently, these lines wouLd shoçr a l-írnited

i potentiaL for improvement.

l

i
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FI EVALUATION OF YIELD POTENTIAL IN HEXAPLOID TR.ITICA]'E

Abstract

Duríng the summers of 7972 and L973, a total of eight hexaploid

triticale (X Triticosecale I,Iittmack) F, populat.ions were evaluated on

Èhe basís of yield. rn each year, one low yielding,. t!üo intermedíate

and one high yielding F, population r¡ras retained for evaluation in an

F, Vield trial. Comparisàn of F, and F, Vield rank and rhe number of

high yielding F, families produced by each population indicated that

evaluation of crosses on the basís of F, single plant yield was

íneffective for the select.ion of crosses with a hígh yield potential

ín subsequent, generations.

, ,. .. . ,: Ì.: .:,
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Introduction

A major problem ín conductíng a breeding program in triticale

(X Triticosec.al-e l^Iittnack) or any oËher cereal crop, is the selection

of either desirable parents or the identificaËj-on of superior pro-

genies. Srnith (L966) suggested Ëhat parents should; :l) present

favorable expression of desirable characteristics; and 2) be of

suffÍciently diverse origin t,o give desirable ar"rr"gt""sive segre-

gatíon. Símilarly, Bharr, (7973) working wirh whear, found rhar

breeding methods based on ecological diversity resulted in the high

degree of transgressive segregation necess axy for yield improvement.

Green (1948), Lonnquist (1953, 1968), Lonnquisr and Lindsay (L964)

working with maize, and Busch eË al. (L974) working with vrheat, 
;

found that. crosses wÍth the highest yíeldíng lines came from crosses

of high x high yieldíng parenrs. Johnson and Hayes (1940) working

wít,h maize on the other hand, found no dífference between high x high

or high x low yielding parenËal crosses.

Evalúation of F, hybrids on Ëhe basis of yÍeld performance is

confounded by the degree of "hybrid vigor" or het.erotic expression.

Rosenquist (1931) found that the degree of heËerotic expression was

greatly influenced by interplanr competiÈion in wheaË. cress (1966)

indicated that intralocus inËeraction could result in negative hetero-

sis thereby removing Ëhe validity of F, yield testing. More recently,

Knight (1973) concluded that hybrids in wheat varíed grearly in rheir

response to environment as shorn¡n by dífferences in expression of

dominance and over-dominance.

LupËon (1961) concluded that Fl yields were not indicaËive of

yíelding ability in wheat although crosses wiËh a hÍgh F, yield

produced a higher frequency o.f desirable segregates. Busch et al.

I

I

I
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(1976) on the other hand, found high correlations between the Fl and

F, generations and between the F, and F, generations. Bríggs and

Knowles (1967) summarízed the inadequacies of conducting F, lield

trials as follows: 1) seed quantíties are frequently doo small for

replicated testingi 2) the yield of wi-dely spaced F, plants are nor

correlated wiÈh the yields of more closely spaced plants i and :) Ff

heterosis ís a major obstacle for predicting yield pot.dntial for

subsequenË generations.

A basic problem in tríticale breeding program ís the relatively

small number of documenEed cultivars available for cross evaluation as

compared to many other cereal species. As a consequence, a large

number of crosses musÈ be produced and evaluat,ed if rapid improvement

is to be expected. Because the number of F, hybrids which can be

evaluated ís lirnited by space avaílable, a large port.ion of the F,

hybrids at the University of ManiËoba are advanced on the basis of

agronomic characteristics and single plant yield. This study \,ras

initíated to determine the validity of this method of F, selection by'

comparÍng the F1 and F, generations on the basis of yield.

Materials and Methods

During the surnmers of. L972 and 1973, Fl triticales \¡/ere grorÀ/n

in 3-row ploÊs, 3.0 meters long with a rohr spacing of 0.15 crn.

Individual hybrids were evaluated on the basis of agronomic character-

istics. The yíelding ability of individual hybrids was expressed as

plot yield divided by the number of plants in each plot. In both

years, one low yieldíng, tr^ro intermediate and one high yielding F,

hybrid was reËained for subsequent F, evaluation. Selected crosses

were designated as A through D and I t.hrough 4 in the trnro years,
| :..-i - .'
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respectively. Parentages of the crosses are shov¿n in Table 1.

. TZ space-planted nurseries T^7ere grot¡rn at the CIANO Research Station,
Cd' obregon in northlrestern Mexico during the winters of 1972-73 anð,.

L973'74. Each population r,ras represented by.approximatery 2,000 F2

Plants' In eaeh year only those plant,s producing sufficient seed for
a 3-row p1oË, 5.6 neters J-ong were ïetained for F, evaLuation in
Manitoba. rn populations A through D, 3g1, 207, 50 and 34 planËs,

respectively, were retained for F.3 evaluaËion in 1g73. síruilaril_y,

98, gg, loo and 98 lines were evaluated in populaËi-ons I Ehrough 4,

respectively ín 1g74.

Fr-derived F, families were grohTn in an early generation yield
tïíal consisting of 3-row p10ts , 5.6 meters 10ng, rrrÍth a row spacÍng of
0.15 neters. rndívidual ploËs r.rere separated by 0.60 meters. prots

were seeded aË a rate of zso såeds per ror¡¡ wiËh every sevenÈh p1_ot in
Ëhe nursery seeded to the check cultívar ,Rosnerr.

rnítialIy each F, plot was evaluated for yield as a percenËage of
the nearest check pLot. populaËions rqere subsequentJ-y tested for
devi'ations frou a normal dÍstribution. I,lhere devÍations from nornalÍty
occurred, populations were evaluated by transforming Ëhe data to p10t

yield minus check yieJ-d, or 1og plot nlnus 1og check yield. rn each

year the populations r^/ere eompared by one-way analysis of variance r¡ith
Duncants multiple range test.

i:.-.'

i;.

Results and DÍscussion r":'¡r;rr

rn both l-973 a¡rd L974 evaLuation of popular,íon uean yÍelds

expressed as a Percentage of the check, resulted in distributÍons r^ihÍch

deviated sÍgnificantly from normaJ-. Evaluation of populations A through 
:.,ìii;;.)r,:::
Èi¡!:l:¡i:ì
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Table 1. Pedigrees of triticale populations evaluated on the basis of
F, single plant yields Ln L972 and 1973.

Year Poprn. Pedigree

Lg72 A I(Susan-V4) o.c. Linel t(u¡lZO-S.F.s.) (Hari-At 2)l

B (8495 x Rosner) (ttari-ern2)

c (48909-2D53) (Badger-Arm)

D (Tcl-M x R) (aadger)

1973 1 83/Koa1a-3

2 (lfaya rr-At 2) lørtZo+

3 (6T4204-Bronco-90) (Beaver-Ar¡n)

4 Koala-3/6te518

:.r.:::, ..- -:.:'
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D was subsequently based on the difference in yield between the plot

and the nearesE check. Because both percent and deviation from the

check resulËed in non-normal distributions, populations 1 through 4

r+ere evaluated on the basis of the transformation 1og plot minus log

check. l

The present study indicated no distinct relationshíp between the

F, líeld ranking and yield in the F, generation. Afthåugh the highest

yielding Fr's had the best yielding lines in rhe F, Vield rrial in

both years (table z) , FL hybrids with Ëhe lowesr yield produced F'

populations r¿ith the highest mean yield in 1973 ar,d 1974. Alter-

naËively, the highest yielding Frts were Ëhe second. poorest crosses

in terms of F, mean yíeld Ín both years. In L973, no signifícant.

differences occurred between the Ëwo lowest yielding and the t\,ro

highest yielding.F3 populations (P=0.05). In 1973, no significant

difference occurred between the two lowest or between the two inter-

mediate yieldíng F, populaËions. The highest yietding F, (orieínating

from a low yielding Fr) was sígnificantly higher yielding (P= 0.05)

than all other populatíons in Lg74.

1',.'a

I

l

The present results correspond with previous informat,ion. on the

reliabilíty of F, evaluaËion as a tool for the identifícation of

superior crosses. However, oËher problems peculiar to triticale may

further hamper Ëhe use of F, selection for the identification of

desirable crosses. Merker (L973) and Qualset et al. (1976) have

noted that an inciease in meiotíc instabitity and reduced fertility

are cotnmon occurrences.in the production of triticale hybríds.

i,:.,ìlri,
i:-: r':ì:

Merker (L974) reported Ëhat many of the early studies in triticale



TabLe 2- Comparison of síngle F, plant yiel-ds and mean F, population yÍelds.

Number YieLd,/

Year Poprn. nrlÍr" 
täTt

L972

Ft

1B

L2

L4

13

L973

D

90.7

33. 3

26.8

9.6

27.5

26.4

16.0

7.2

Year
Yield

N (Z check)

L973 381

207

50

34

1974 98

99

100

9B

3

4

13

f D,rrr"rrr's.mul-tiple range test at p = 0.05;

L4

Yíeld (plor
minus check) Yield

(e) (loe)

2L

78.08

96.82

82.08

99.64

70. 08

66. 10

72.36

90.9118

-194. 30af

- 35.s9b

-218. 38a

- 25.00b

-

t3

Flighest
yi.eJ.d %

-O.422ab

-0.516a

-0.359b

-0.I22c

Total
Lov¡est lines
yield %' > check

2t2.O

L76.O

138. 0

15 7.0

148.9

1B5 .5

L25.5

145 .5

values fol-lowed by same leÈt,er are not signifÍcantly different.

33.1

30.8

26.4

48.4

4L.L

34.0

2s.3

47 .7

Lines Lines
in in

top 25 top 10

75

B4

13

L7

B

15

11

28

6

13

0

6

4

9

3

11

3

6

L^)
N)
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assumed that meiotic instability rr¡as dírecËly responsihle for reduced

fertility in many triËicale lines. Riley and chapman (.1957), Riley and

Be11 (1959), Muntzing et al. (.1963), Munrzing (L966), Tsuchya (Lg72),

Hsam and Larter (1973, L974), Merker (1973, Lg74) and Gustafson and

Qualset (1975) have shown thaË no direct relatíonship oecurs between

meiotic instability and ferËi1iËy Ín either the heraploid or octoploid

triticales.' lsuchya (L972) proposed, however, Ëhat the two phenomena

uay become relaÉed under extreme conditions of meioËic instability. As

indicated by Merker (Lg74), meioLic Ínstabil-iËy frequently resulrs in
Ehe productÍon of aneuploid plants r¿hich have poor vigor and fertiliËy
which results in reduced yield potential

Recent studies have shown ËhaË many tríticaLes differ in the nr:mber

of rye chromosomes present. In additi.on, changes in chromosome structure

have been observed. GusËafson and Zillinsky (1973), Gustafson and

QualseË (Lg74, 1975), Darvey and Gusrafson (1975), Merker (1975),

Gustafson and Berurert (1976), Gusrafson and Zillinsky (L976) and

Qualset g!.j11.. Q976) have verified the occurrence of substÍrutÍons of

wheat for rye chromosomes Ín hexaploi.d triticale. In addÍtíon, Darvey

and Gustafsoo (1975), Gustafson and Bennett (L976) and Gusrafson and

ZiJ-lÍnsky (1976) have found that changes occur in the heterochronarin

conËerit of rye chromosomes. Gustafson and ZÍllinsky (1976) and Merker

Q976) have concJ-uded, on the basis of measurement, that changes ín

treterochromati.n content can occr¡r wiËhout apparent danage to the

euchromaËin and pLant development.

Due to íncreased meÍotic insËability and lower fertilíty, Gustafson

and Qualset C1975) have suggested that crosses betr.¡een ËritÍcales
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dífferíng in R chromosome subsËítuËíons should be consid,ered analogous

to interspecific crosses where homologous and nonhomologous relation-
ships exisË. Qual-set et a1. (1976) indi-cated that a nunber of factors

causing the cornnon occurrence of ínfertility in ËriËicale hybrids may

be sunrmarized as: 1) intèrcrosses of substitutionaL tritÍcales wÍ1L

show steriLity if the parents dÍffer j-n Ëerns of A, B, D or R.chromosome

contenti 2) transl-ocations in rye chromosomes nay cause steriJ-Íty if
the parents differ for rye chromosome transloeaÈions; and 3) crosses

of triti-ca1es differing for rye ineonpatibiJ-ity genes may cause hybríd

sterílity. Gusrafson and Qualset (Lgl4) concluded that tríËicale
hybrids should not be discarded on Ëhe basis of Ínfertility because

with selection some crosses r¡ay produce desirabLe, highly ferËile
segregates ín future generations. These workers also suggested thaÊ

fertÍlity in F, hybrids nay bé due to geneËic sÍ-nilaríty in the parenrs.

ConsequentJ-y, resPorÌse t,o selection in subsequent generations would not

be expected.

observatíon of the pedÍgrees presented in Table 1 suggest that

the parents ínvolved ín the crosses oay have differed in terms of rye

chromosomes which lrere present. Gustafson and ZilLinsky (1973) found

that the cIMlfYT cul-tivar rArnadiLlot.!,ras lacking the rye chromosome 2R.

More recentl-y, Merker (1975) found that the ArnadÍllo d,erivatives,

Beaver, Maya rr-Am 'lst' and Bronco-9O aLso contained rye chromosome

substítutÍons. Gustafson (personal comunÍcation) has indicated that
Koala-3 may possíbly contain wheat-rye substitutions. The reqainíng

parents are expected to have contained a full complÍ-ment of rye

chromosones.

tÌia: ìÌ,1..
ì,:.:'i:I
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Evaluation of eight genetically diverse populaËions suggests that

Ft single plant selection should not be uËilized as a criterion for

yield prediction in a triticale breeding program. A major reason

for thís conclusion is t.he inadequacies of F, lield selection

explained by Briggs and Knowles (1967). rn addiËion, Ëhe l-oss of

desirabre crosses, as noted by Gustafson and Qualset (L974), may be

serious if the parents differ for wheat-rye substítutions.

'. 4
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VISUAL SELECTION AS A BASTS FOR YIELD PREDICTION IN

HEXAPLOID TRITICALE

AbS_trac!

Euring the summers of L973 and L974, a total of eight F^ hexaploid
J

triticale (X Tritícosecale trIittmack) populations \¡rere each visually

evaluat.ed by a group of selectors working independently. Each group

üras comprised of experienced (plant breeders), novice (graduate

students) and inexperienced (summer students) selectors.' ïn both

years, all selectors \¡rere requested t,o visually select línes which

they predicted r¡ould equal or out yietd the nearest, check plot. The

results of chí-square analyses indicated that, in generalr.selectors

\^rere superíor to random sampling in six of the eight populaËions. In

L974, the selectors rarere also requested Ëo identify the twenty híghest

yielding lines in each population. Chi-square analyses indicated thac

all of the experienced selectors and most of the novices selected a

high number of the top ten lines in each populatíon relative to a

random sample. Comparison of response, to selectíon and selector

efficiencies in L973 and L974 indi.caËed that Èhe experienced evaluators

r4rere superior in their selective ability compared to the ínexperienced

selectors. In addition, the mean yield of the top twenty línes

selected within each of the populations by experíenced selectors did

not, in general , deviate significantly from the best yielding t\,renËy

lines identified by the yíeld trial. Consequently, iË appears that

visual selection on a line basis may be a means of yíeld selectíon ín

trit,icale, providing the intensity of selecËion is not restrictívely

high.

i :::.
l.'..'
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Introduction

Kwon and Torrie (1964) and Hanson et al. (1962) found visual-

sel-ection in soybeans to be 50 percent as efficient as selection based

on plot yíel-d but effecti-ve in raising the mean yiel-d above that of the

popul-ation. Both studies showed that Èhe selecËors could determine

population yíeLd extremes, with the best results being obtaíned in the

ídentification of the low yielding 1ines.

In barley, McKenzíe ar.ð, LamberÈ (1961) were unable to find a

consistenË relationshíp beËween visually sel-ected lines and their

yields in the F, and FU Benerations. On Èhe other hand, Krull et a1.

(L966) found a close associ-aÈion between the visual ranking of r¡heat

lines on the basis of desírable agronomic characterístics and their

yield. Bríggs and Shebeski (1970), using fourteen selecËors, found

that visual selection for yield in wheat Tüas superior to random

sampling buÈ that Ëhe abiliLy to visual-J-y sel-ect the absolute highest

yielding línes r¿as l-imited. As a resul-t, they suggested that the

inÈensity of selection be reduced so as to ensure that the highest

yíelding línes are retained. More recentl-y, Mundel (Lg72) using

numerous selecÈors in wheaÈ, found that the yíelds of visually

selected lines were slightly lower than Ëhose sel-ecÈed on the basis

of plot yield.

Townley-Smith et al-. (1973) also working wÍth wheat, conducted a

test to determine the effecË of selector experience on the ability to

advance a populaËion mean yield by visual selecËion. Sel-ecting in an

lt:

':

I'
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early generation yíeld test, they found no difference beËween experienced

and inexperi.enced selectors in their ability Ëo differenriate yield
poËentÍal of planÈ families on a visual basis.

More recently, Stuthman and SteidL (L976) studied visual selection

for yíeld i.n four díverse oat populations. They found that visual

selection resulted in a posítive yield response in Ëhree of Èhe four

populatíons studied. The negative results obtained. from one populaÈion

provided evid.ence Ëhat exËreme red.ucti.on of populaËions, on the basis

of visuaL critería, should be considered wíth caution.

In triticale (X Trj-tj.cos_eca1e tr'Iíttinack) , populatÍons show a wid.e

range of variabilíty for morphologícal characterísËics (fertility, spike

l-ength, tillering, ete.). consequenËly, Ëhere nay be higher potential

for success with visual selecËion in iriticale than Tnrithin many oËher

cereal species. The prÍmary objectÍves of thís study r¿ere twofold:

r) to deÈerüíne if visual selection would be purely random withÍn a
population of F, lines or if advances Ín yíeJ-d could be made; and z)

to determÍne if a differentiaL ability to select visually for yield

occurred beËween experienced and inexperienced seLecËors.

Method

F, lield trials r^7ere grordn at the University of Manitoba during

the sunners of 1973 and l-974 using four different genetically dÍverse

populati.ons each year (see Table L, p.34 of thesis). populaËÍons

grown ín 1973 and, L974 were d.esígnared as A Ëhrough D and 1 through 4,

respectively. rn L973, 381, 207, 50 and 34 families were grown in
populations A through D, respecÈívely; whereas in Lg74r 9g, g9,100

and 98 families r^7ere gro$¡n in popuJ-ations l through 4, respectively.
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Each family was represented by a 3-row plot, 5.6 meters long with a row

spacíng of 0.15 meËers. Individual plots r^rere separat,ed by 0-.60 meters.

The seedíng raËe was 750 seed.s per plot. Every seventh plot ín the

nursery r4ras sor¡in t.o the check cultívar tRosnert.

Ten selectors Ín 1973 and eleven selectors ín L974 were chosen to

visually select withín each of the populatj-ons. They were instructed

to score those línes which they estimaËed rirere equal to or higher

yieldÍng Ëhan Ëhe nearest check plot. SeleeËors in 1973 consÍst,ed of

three plant breed.ers (experienced) , four grad.uaËe stud.ents (novice) ,

one Postdoctoral FelLow (novice) and two srunmer sËudents (inexperienced).

Tn L974' the selectors comprised three plant breeders, five graduaËe

students and three sumner sËudents. If a selector qras involved both

years, his identification number was m¡intained so that his perfornance

could. be followed for the two-year peritd.

Each popul-atíon ín L973 anð, L974 rüas tested for deviatÍons from

nornali.ty when yÍe1d was expressed as a percenËage of the nearest check.

I'lhere signifícant deviations occurred. due to skewness, Ëests for

normalÍty were conducted on plot yield mínus check yield, or the

transfornâtÍon 1og plot yield minus Lo9 check yield. Regardless of the

method used to express yÍe1d, the ability of sel-ectors to select lines

equal to or greaËer than the nearesË check versus purely random

sampling, r^tas test,ed using a contingency chi-square for índependence.

The efficiency of the indivídual selecËors r¡ras determined by the

fornul-a R = íoph2 (Falconer, i-960) where R equals the response to

selectionr !_p is the standard deviaËion of the populations, i Ëhe

intensity of sel-ection ín terms of deviations from the mean (i values
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rjrere estímaËed fron Fig. 11.3, page 193, Falconer, 1960) and h2

(heritability) the efficiency of the selector. 0vera11 mean response

and efficiency comparísons erere based on a one-way analysis of variance

utilizing Duncanrs nultiple range Ëest (p=0.05).

Tn L974, the selectors Írere also requested Ëo selecË the ËwenËy

top yielding f-ines in each of the four populat,ions. The results of

individual selecËors lôrere compared wíth random sampLíng by means of a

contingency chi-square for índ,ependenee. The mean responses and.

efficiencies of seLect,ors ülere compared by means of one-way analysis of

variance Ëo d.etermine if differences occurïed between selectors r¡hÍ1e

selecting at equal intensities of selection

Results

I Usíng the cheðk plots for yield estimat,ion, select,ors $rere generally

able to visually selecË a signifÍ".rrrr, greater nr¡mber of lines with
i yíelds equal Ëo or greater than the nearest check pLot relaËÍve to

I random sampLing (P < 0.05 or P < 0.01) (Tables 3 and 4). Ilowever, in
the two smal1 populations (C and D) in 1973 only the group of experienced

to random sanpLÍ.ng (P < 0.05).

and novice selectors included individuals whose selections were superíor ii;-.-.r1.:,,.

l.: l. i :-. __. 
.:

SinÍ1ar results were found ín,tine L974 tests when sel-ectorsr abíi-íty

tose]-ecËthetoptenlinesineachpopu1atÍon'at'ase1eetionintensíty

of approxinately 20 percenË, rüas compared to random selection (tabte S).,l i..r-ir.:,:.,;'i.:.
f;r!' ì.ì'1if"::'I Differences again were found in Ëhe seJ-ecting ability betr¿een the more '1':.:irÌr':;i'

experienced and inexperienced selectors when linited Ëo an equal inten-

síty of selection. The resulËs of the experÍenced selectors rrere l

isuperior to a rand,om sampLe (P < 0.05 or p < o.oL) ín populaÈions 1



Table 3. Chi-square analysis of the proportion of l-ines selected as > the nearest check (1973).

Selector

Plant Breeder

l-

2

3

Novi-ce

5

7

I
9

10

InexperÍenced

4

6

Poprn. A

SeLected
> eheck

35

23

24

36

29

30

32

34

x2

66. 438**

51. 878**

34. 070**

2r.775?{.*

48. 798**

52.763:r.rt

7 3. 811**

53.546**

43.590**

25.030**

Poprn. B

/ËJ

Selected
> check

* P < 0.05.
** P < 0.01.

36

L7

12

x2

17. 841**

1_2.586**

10. 758*rr

7.982*x

L2,520**

2.747

0.906
'J.4.062*r,

Poprn. C

Seleeted
> check

't'i j..r:ìjitli:

i,.,:.. '
., 

, r ,riil

43

36

33

22

2L

6

22

4

4

2

x2

Poprn. D

o.526.

5.590:t

0.299

Selected
> check

j'irl 
"'

30

32

I
2

2

3

4

2

5

5

5 .505*

14.962*rc

x2

6. 5 84tr

0.955

0. 955

L.663

2.437

0.011

3.752

3.752

6

6

2

2

7

5

5

I.47l-
2.878

0.938

0.531

5.440'k

0. 1_78

L.629

3.2L9

o.202

à.
l\)



Table 4. ChÍ-square anaLysis of the proportion of lines selected as > Èhe nearest check (L974) .

Selector

Pl-ant Breeder

1-

2

3

Pop. rn. ttL

Selected X-
> check

Novice

5

7

8

11

L4

Inexperienced

4

L2

1-3

2

4

2

4.787".

lf .ISP:t*

25.438**

Poprn. #2

Selected
> check

5

4

5

3

5

L7.723**

10.698**

8.439**

L.420

6.889*

2

7

L4

x2

-'-:tì:.-,J..i

. .l'r.t
' i1ii

, .' ,r¡."1",]

* P < 0.05.
** P < 0.01.

2.923

16. 168**

25 .540**

Poprn. ll3

Selected
> check

10

7

7

9

8

B

4

13

16. 008*t(

41.823?tt

l_4. 939**

1. 613

15 .954**

4.4O9r'

11.031**

6.946*.

6.646*.

4.37gt(

2.067

7

7

10

x2

Poprn. ll4

Selected X-
> check

33. 095rt *

33.095*'t

30. 826**

5

I4
L2

7

5

t1

8

10

3

13

22

15.320rr*

9.782**
25.2r5**
12.29r**,

16. 787't*

2.328

23.123*?t

26. 083*?t

11

L2

10

I7
25

7

11

11

7. 869?t,k

f l. Q$/*:t

7 .5L7*x

29.964r,,\

20.075*',æ

12 .085,k,k

lf .IJQ*zt

6.790*

10

20

2L

2.387

6.049r,

4.760x
N

t,



Table 5. Chí-square analysis of the
at an intensíry of 20% (L974).

Selector

Plant Breeder

I
2

3

Novice

Popr n. ll1,

Selected
rop 10

proporËfon of the top ten llnes selected vísually

5

7

8

11

T4

5

I
7

t

4.L46*

20.433**

13.627**

Pop I n. tlz

Selected
top 10

Inexperi.enced

4

L2

13

6

I
6

5

6

8.204*rt

20.433**

9.203**

4.L46r,

$ .lQl*rc

7

B

7

x2

&

**

13. 84B*'k

18.305**

ll. $d$*rc

P < 0.05.
P < 0.01.

Poprn. tl3

Selected x2
top 10

7

4

4

7

7

6

9

I

13. 633*'t

L.L62

L.t62

13.848**

13.848?b*

8.355**

28.972*x

18. 305**

I
B

7

2L.007rc*

21.007**

14. 063*?t

Poprn. ll4

.i t:

Selected
top 10

6

4

4

B

4

7

5

7

8.'355**

1.511

1. 511

21.007**

L.562

14.063:t*

4.34L*

1-4.063*?t

B.507rk*

0.173

14.063**

6

6

5

x2

8.204**

8.204**

4.L46rs

6

2

7

5

6

4

4

4

4.].46*

8.204*,t

L.162

T.L62

L.L62

0. 105

L.t62
4.L46r,

2

4

5

.È-

.F..
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through 4. Novice selectors working in populaËions I and 2 retained a

higher number of superior families than a random sample, however, in

populatidns 3 and. 4, only six of the total of eleven selectors selected

on a non-random basís (P < 0.05 or P < 0.01). In Ëhe inexperienced

group, only one seleetor in populatÍ-ons l, 2 and,4 and tr.ro selectors

i.n populatibn 3 retained a greater number of superíor lines than would

have been retained by random sampling (P < 0.05 or P <,0.01).

The mean response to selection by all groups of selectors Ì^/as

superior to a random sample aL P=0.05 (Tables 6 and 7). rn 1973 and

Lg74, the selector with Ëhe greatesË mean response T¡/as expeïienced.

while the selecËor with the poorest response v¡as inexperienced (Tables

6 and 7). In both years, the lowest ranked experienced and novice

selecËors r¡rere not, superior to Ëhe inexperienced selecËors. In Lg74,

the hÍghest ranked inexperienced selecror was not significantly

different from Ëhe highest ranked experienced selector (P = 0.05) when

selecting lines estimated (visua11y) to be greater t,han or equal to the

nearest check.

Sinilar results were found when selector responses were adjusted 
.

r - 
:. .' ...:-: :.

according,Lo inËensíty of selection (h2 = R/iop) in'1973 and. L974 l,','.''-'''.';,''1

i,t, 
j, t". ,,t,

(Tables 8 and 9). In both years, selecËors with the highest and lowest 
:.'....1,',,,,;',,,

mean efficiencies hTere experienced and inexperienced, respectively. In

L973, the experienced seleetor vrith the lowesË efficiency \,¡as not

superior (P = 0.05) to the inexperienced selecËors, nor was the inexper- ji;.,;'.,,.,1¡.¡],:

i¡j;;": t'r'it ::ìt'

ienced selector wiEh the highest efficiency significantly lower than

the highest ranking experienced selector. In L974, however, eomplete 
I

categorizaËion of select,or groups occurred. All Ëhree of the experienced



Table 6. Comparfson of the response to sel_ection when

yíeld of the nearesr, check plor (1973).

SelecLor Rank

2

3

9

10

7

I
4

I
5

6

15

Experlence

1

2

3

4

5

6

7

B

9

10

11_

Plant breeder

PlanË breeder

Novice

Novice

Novice

Novice

Inexperleneed

Plant breeder

Novfce

Inexperienced

Random

R pop'n. AE
(e)

selecting lines esÈimated (visuall_y) to

285 .890

L94.7L7

277.383

21s.009

207.83L

202.404

L36.229

2r4.386

11_1.208

L28.670

-22.067

t
E

R poprn. B
(e)

Dtmcanrs nultlple range test at P=0.05; values followed by the same leÈt,er are not sígnificantly different.
Response to select,lon.

189.938

23L.378

94. 980

L67.223

r1-g.757

L05.979

118. 753

L27.646

88.952

67.677

7.673

R poprn. C
(e)

366;980

292.7L3

329. 380

239. 380

268.7r3

214. 380

208.309

1-9r.756

L4L.LO2

39. 780

-58.24s

R poprn. D
(e)

be > the

286.200

268.400

279.000

247.O00

L59.286

201.200

t65.4L7

37.000

L27.375

5 3. 500

-49.1,67

ii:.
i:l
ti
ti
r.i
i-i
i.,
l.r
l!.i

ti
iJt

Mean R

282.252 at
246.801 ab

245.186 ab

2L7.L53 abc

1BB.B97 abcd

183.491 abcd

L57.I77 bcde

L42.69 7 cde

117.159 de

72.407 e

-30.451 f.

ì
1l
:l
¡

I
:¡

.Ê..
Ot



Table 7. Comparison of the response

yiel-d of the nearest check plot

Selector Rank

I
2

7

5

I
3

11

4

L4

L2

13

15

Experience

1

2

3

4

5

6

7

I
9

10

11_

L2

to selection
(Le74) .

Plant breeder

Plant breeder

Novice

Novice

Novfce

Pl-ant breeder

Novi.ce

Inexperlenced

Novice

Inexperienced

Inexperienced

Random

R poprn. tnE
(1oe)

when selecting lines esti-mated (visually) to be > the

0.589

0.426

0.392

o.4s4

0.334

o.37L

0. 309

0. 305

o.293

0.1_63

0.095

-0. r-19

R poprn. l|2
(1-og¡

Dr¡ncanrs multiple range test aË P=0.05; values followed by the same letter are not sígnificantly different.

Response to select,ion.

Q.702

0.676

0.76I
o.432

o.481

0. 365

0.488

o.392

0.325

0.139

0. 181

0.093

R poprn.
(1oe)

ll3

o.440

0.399

0.319

o.372

o.263

0. 309

0. 205

0. 300

0.276

0.067

0.071

-0.115

R poptn.
(1oe)

ll4

o.268

0.267

0.193

0.185

0.166

0. 171

0.178

o.726

0.11-4

0.094

0. 056

-0.'150

Mean R

o.499 af
O.442 ab

0.416 ab

0.361 ab

0.311 abc

0.304 abcd

0.295 abcd

O.267 abcd

O.252 bòde

0.116 cde

0.101 de

-0. 043 f.

F.
!



> the yiel-d of the Rearest check plot (1973).

Sel-ector Rank

2

10

4

3

I
B

7

1

5

6

l5

Experience

I
2

3

4

5

6

7

I
9

L0

11

Plant breeder

Novice

Inexperienced

Plant breeder

Novice i'

Novice

Novice

Plant breeder

Novíee

Inexperienced

Random

h2 pop'n. A

t D,rrr"unts rnultlple range test at P=0.05; values followed by the same letter are not significantly different.

0.732

0.635

0.499

o.522

o.743

0. s83

0. s70

0.625

0.418

0.4s3

-0.067

h2 poprn. B

0. 505

0.478

0.413

0.530

0.2L4

0.330

0.344

o.457

0.335

O.LLz

0.023

h2 poptn. c

o.7L2

0.532

0. 616

0.538

0.639

0.42L

0.469

0.478

o.465

0.103

-o.L27

h2 pop'n. D

:,::

o.6L2

o.657

o.757

0.549

0.468

0.430

0.361

0.071

0.317

0.121-

-0.109

Mean h2

'f
0.639 a
0.576 ab

0.571 ab

0.535 ab

0.516 ab

0.441 ab

0.436 ab

0.408 b

0.384 bc

0.197 c

-0.070 d

â.
co
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Table 9. Comparfson of seLector efffciencies (h' = n/iop) when selecting l-ines estimated (visual-Ly) to be

> the yíeld of the nearesr check plot (l_974).

SeLector Rank

2

3

L

5

I
7

L4

11

4

L2

L3

15

Experience

L

2

3

4

5

6

7

I
9

l_0

1L

L2

Pl-ant breeder

Plant breeder

Plant breeder

NovÍce

Novice

Novice

Novice

Novlce

Inexperlenced

Inexperienced

Inexperienced

Random

h2 pop'n. ltL

0. 666

o.782

0.766

0.752

0. 67L

0.627

0.591_

0.s74

0.488

0. 531

0. 386

-0. 039

t D*"^ots multipLe range test at ? -0.05; values foll-owed by

h2 pop' n. ll2

0. 876

0.725

0.664

0.659

0.686

0.916

0.46r.

0.488

o.525

0.38r.

o.449

0. 153

h2 pop'n. tl3

0.757

0.749

0.821_

0.770

0.7L4

0. 588

0.784

0.449

0.639

0.245

0.298

-0.279

h2 pop'n. ll4

,?íì,¿:

,Ì,ii

o.796

0.74g

0.537

o.579

0.483

0.592

0.6L3

0.617

0.233

0.504

0. 334

-0.105

Mean h2

0.774

0. 751

0.697

0.69i_

0. 686

0. 681

0.6L2

0. s96

0.426

0.415

0.367

-0.068

f
a

a

a

a

a

a

ab

abc

bcd

cd

d

the same l-etter are not sf gnif icantLy dÍf ferent.

.s.
\o



Table 10. Comparfson of sel-ector efficíencíes (h2 = n/iop) when seLecting Lines estimaËed (visualJ-y) to
be wÍthin the top 201l (yieLd) of each popul-aËion (1974)

SeLector Rank

3

2

1

7

5

L4

I
L1

4

13

L2

1_5

Experience

1

2

?
4

5

6

7

I
9

L0

LL

L2

PLant breeder

PLant breeder

PLant breeder

Novice

Novice

Novíce

Novíce

NovÍce

Inexperíenced

Inexperlenced

Inexperienced

Random

h2 pop'n. llL

0.729

0.775

0. 802

0.651_

0. 655

0.579

0.666

0. 5s9

0,72L

0.21,7

0. 303

-0.039

t D,-.aots nul-tiple range t,est aÈ P=0.05; values fol-lo¡¿ed by the same Letter are not sÍgnífícantly different.

h2 pop'n. {12

0. 819

0.728

0.657

0.772

0.683

0.682

0.766

0.724

0.489

0.404

0. 396

0.277

" :ìf;¡ìr

. 'l:'
- ... !:.,:,:

| 
''l"': :. :;i.:ri

lii:r'j,i

h2 pop'n. ll3

0.74L

0. 699

0.744

0. 708

0.804

0.726

0.614

0. 345'

0.663

0.410

0. r_09

-0.149

h2 pop'n. tl4

0. 705

0. 671_

0.6s3

0. 653

0.609

0.640

0. 352

0.677

0.311

0.328

0.518

-0.073

Mean h2

..1

0.749

0.418

0.1L4

0.696

0.688

0.657

0. 599

0.s76

0. s46

0. 339

0. 331-

0.004

.t
ab

ab

ab

ab

ab

ab

ab

b

c

c

(Jìo



Tabl-e 1l-. Comparison of the mean yields of the
selected (visually) by Índívidual selectors

Selector Experience

Yield rrial
1 Plant breeder 1

2 PLant breeder z

3 Plant breeder 3

4 Inexperienced 4

5 Novíce 6

7 Novice 7

I Novice 5

11 Novice 9

LZ Inexperienced 10

13 Inexperienced 11

L4 Novfce I

L.S.D., (P = 0.05)
L.S.D. (P = 0.01)

Poprn. /11
Rank Mean

top tr^renty lÍnes in each population and tr^renty lÍnes
(re74).

0.030

-0.021

-0.035
-0.058

-o.062

-0. 09s

-0.09 7

-0. 089

-0.143

-o.27L**
-0.314**
-0.133

0.178

0.235

Poprn. /12

Rank Mean

2t

?t*

;
3

1

9

5

2

I
4

11

10

6

Slgnificantly
Slgniflcantly

0.r72

-0.09Its

-0.039
0.014

-0.199*
:o.074

-0.017

-0. 118

:0.048

-0.260**
-0.250**
-0.075

o.253

0. 333

Poprn. /13

Rank Mean

different from Èhe mean

different from the mean

3

7

4

8

1

6

2

9

11

10

5

, l1'll:

0. 036

-o.o29

-0.049

-0.030

-0. 065

-0.002

-0. 04s

-0. 019

-0.153*

-0. 311:trt

-0.177**
-0.037

0.l_37

0. 183

Pop I n. /14

Rank Mean

4

3

I
11

7

5

9

2

8

10

6

,lll,tr

loe)

0.L97

0.091

o.o97

0.108
_0. 020¡t*

o.o77*

0. 091

-0. 00 7**

0.099

0.050*'t

-0. 013,h,t

0.090'k

0.l_07

0. 141

yíeld of the top

yield of the top

twenty f.ines (P=0.05) .

tv¡enty lines (P=0. 01) .

(Jr
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selectors T¡rere superíor Ëo Ëhe inexperienced caËegory (P =0.05) moreover,

all selector categories were significantly superior to the random sample

(P=0.05) in Ëerms of selecËor efficíency.

Comparison of the selector effíciencies when selecËing at 20 per-

cent showed that efficÍency rankíngs corresponded Lo Ëhe selector

categories in 1974 (Table L0). rn this case however, only the highest

ranking experi.enced selector rras signifieantly superior Ëo the highest

ranking Ínexperienced selector (P = 0.05). The random sample was signifí-

cantly lower than all selector categories at P=0.05

comparison of the mean yield of the top tr,.renËy lines (yield) in

each populaËion with the mean yield of lines selected by indÍvídua1-

selecËors indicaËed the superiority of the more experienced groups

(faUte tt). The mean yield of the top trúenry lin-es selecred (visually)

by each of Ëhe experíenced selectors did not deviate significantly from

the mean yield of the top tlrenty lines selected by the yield Ëria1 in
populations l, 3 and 4 (LSD at P=0.05 or P=0.01). In popul_ation 2,

two of the Èhree selector mean yields dÍd not deviate significantly

from the mean yield of the top tTirenËy lines selecËed on the basis of

yiel-d.

Discussion

In the Past, Lhe triticaLe breeding program at Lhe Uníversity of

ManíËoba has involved an early generaËíon yield trial as suggested by

Shebeskí (1967). UnfortunaËely, this merhod and modifications of it

required the utilization of large quanti.ties of land and labor.

consequenÈly, any method which red,uees land and rabor requirements

t'ríthout an accompanyÍng loss of efficíency would be welcomed in a

.:':.: ri :1 .

l. r,,.,li
L.:1":':;:.
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breeding program.

The results in 1973 and L974 indícated that visual selectíon was

in general significantly superior Ëo random sampling in triticale.

However, the ability to select lines greater than or equal to a check

variety may depend on t,he populatíons evaluated (í.e. population

variability) . A small population sample size made evaluaËion more.

difficult and consequent,ly may have increased the probåbility that

selection appeared random in population 3 and 4 (L973).

Results of the present study are in contrast to results from

previous studies conducted on thís subject. Townley-srniËh et al.

(1973) c.oncluded that no relationship occurred in r,¡heat between

experience and the abilíty to visually identify high yieldíng

families in an F, early generation yield trial.

rt would appear that experíenced selectors with the ability to

determine yield d.ifferences r¡rere more efficient than novice or

inexperienced selectors in 1973 and L974, whether selecting at

comparable intensity levels or different ones. As a consequence, the

more experÍenced selectors misclassifíed less of the low yÍ-elding

lines than the less experienced selectors. This is more clearly

shown r¿hen the selecÈors were select.íng at equal Íntensitíes in Lg74.

rn this case, selectors in the experienced category had the highest

mean efficiences, the novices were Íntermediate and Ëhe inexperienced.

selecËors had the lowest efficiencies.

Observation of Ëhe response to selection showed that even the

least experienced selector r¡ras superior at selectÍng higher yielding

il-.ít¡
ì:: -r1 ì _
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lines than the random sample used, wheËher selecËing lines grea¡er

t,han or equal to the check, or esËimating the top tr,renÊy lines in

each populat,ion. rn addition, the plant breeders (experienced) and

graduate studenÊs (novice) in general had a mean yield not significantly

dífferent from the yield trial when visually selecËing the top 20 per-

cent of Ëhe lines in each of the populations. Briggs and shebeski

(1970) found similar results but indícated that the abilíty to sel-ecr

the absolute híghest yÍeldÍ-ng f-ines was liuiËed. síni1ar1y, Mundel

(1972) found that li.nes selected visually in wheat lrrere only sLightly

lower yÍeLding than lines seLected on Ëhe basis of pl-ot yield.

rt appears Ëhat visual selection may be a useful means of

adwancing triËÍcale populations in terms of mean yield. At the

Present sÈate of development ín Ëriticale, classical pedígree selection

. . 
may be a means of selecting fanil-ies and lines within families r¿hÍch

have a hígh yíeld potential. However, to avoíd misclassÍfÍcation of

high yielding segregates, selection shoul-d noË be conduct,ed ar a

resËrícËively high Level of íntensii.

:l¿:,.rjijij;:;j
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MANUSCRIPT III
A COMPARTSON OF EARLY GENERATION (rr) AND

PEDIGREE SELECTION METHODS IN HEXAPLOID TRITICALE
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A COMPARISON OF EARLY GENERATION (F3) AND

PEDIGRNE SELECTION METHODS IN HEXAPLOID TRITICALE

Abstract

During Ehe summex of. L974, four F, hexaploid triticale

(ë Tritígogesal.e l,üittrnack) populations \rreïe evaluated. for yield in

an F, early generation yield nursery, involving systemqËically placed

check plots, and concurrently in a headrow nursery. Ten high yielding,

t,en lovr yielding and ten random families along wiÈh t.en familíes

selected visually for yield in the headrow nursery hTere retained for

further evaluation. Bulks produced from each of the four selection

groups in each population r^rere compared in a lO-replicate yield trial

at Glenlea and Carman, ManiËoba during the summer of L975 and in a

4-replicate yield trj-al at CIANO, Mexico during the winter of L975-76.

Yield comparisons at eac.h location and over t,he Ëwo Manitoba locations

combined were based on a fixed-effects facËorial model. In addiËíon,

selection bulks r¡rere compared for tíller production, test weight,

20O-kernel weight, numbers of spikelets per spike, kernels per spike

and kernels per spikelet at Ëhe two ManiËoba locaËions. Combined

analyses at each locat.ion and over the Ëwo Manit,oba locaËions indi-

cated that, no signf-ficanË difference occurred between bulks produced

from high yielding lines selected by the early generaËion yield tría1

and the headrow nursery. Both bulks \dere superior to Èhe random bulks

at all locations. Bulks produced from the headrow selectíons had a

significantly higher number of spikelets per spike than all oËher

selection bulks. The present results indicate thaË pedígree and

early generat.ion selecËion are equally efficient methods for yield

selection.

:.;.,:11.¡.;!
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Introduction

In a review of plant breeding methods in use throughout the

world, Shebeski (1967) concluded that many were based on tradition

rather Ëhan on the utilizaEilon of modern day concepts. Accordingly,

he proposed a system of early generation yíe1d Ëesting involving

systematically placed control plots. l¡lith this system, superior

plots would be idenËified.either by their ploL yíeld iri grams, oï

yíeld expressed as a percentage of the nearest. check plot.

Salmon (1914) indicated that the use of check plots was

advantageous in detecting variation due to soil heterogeneíty but

that they should not. be used in place of replication for correcting

þlot yields. In contrast, Pritchard (1916) found thaÈ check rows in

sugar beets were ínadequaËe when used Ëo compensate for variabílity

caused by soil heterogeneiËy.

Yates (1936) and Baker and McKenzíe (L967) stated that, the use

of conËrol plots rrTas a questionable practice on the basis of theore-

tical considerations unless an analysis of covariance was used

rather than an analysis of variance. This was ín agreement with

Milton and Finkner (L967) who reported that check plots were

advantageous in sËudies involving qualitative traits ín alfalfa but

'found tesËs analysed by means of covariance to be more reliable.

In that study, efficiency increases of 38 percent to 528 percent I'rere

found when both checks and replicaËes were used.

. f953r' Raeber and l^Ieber reported that the greatest yield advance

could be made by a co inaËion of early generation selectíon and pedigree

selection. They suggested that wherever possible, lines should be

t.est,ed in a replícated F, lield test and simultaneously selecËed for
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superior plants in a space-planted nursery.

Results of recent studies conducted in soybeans have supporËed

the use of either early generation or pedígree seLect,íon meËhods.

R.ecenËly, cooper (r976) indÍcated thaË early generaËion selecÊÍon,

based on Fr-derived F, and Fo familíes, identífied the most pronising

crosses and the best heterogeneous lines within cïosses. Iloweverr.

Leudders et al. (1973) testÍng early generating selection, bulk and

pedÍgree selectÍon methods for:nd no significant dífferences in mean

yield of lines in the Fu and F, which had been selected by eÍËher

of these methods in the Fo and Fr. Ilowever, they found that early

generation and' bulk selection meËhods retaÍned a greater nunber of

high yÍelding lines Ëhan pedÍ.gree selecËion in soybeans.

Recent studÍes ín r¡heat, by DePaur¡r (1970) and Briggs and Shebeski

(1971) have indícared a lack of agreernent ber,ween .Fa lÍne yieJ_d and

subsequent yield Ín the F, generaËÍon. They found hou¡ever, on the

basis of broad sense heritabiliËies, Ëhat early generation selection

r¿as effectíve in identifying lines superior for bread-nakÍng quality.

Seitzer (L974) coryared earJ-y generatíon selection technÍques whÍch

were based on replícaËed hÍ1l plots and a F, contiguous yield tïÍa1 r¡riËh
.!

concomitant pedígree selectíon. No signÍficanË difference rüas found Ín
the F generatÍon, in terms of yiel-d between the hill plot and

conËiguous methods of early generaËion seLection and pedÍgree sel-ect,ion.

Ilovrever" he concluded that the contiguous method nay be most beneficial
when deali.ng with crosses of low yield potential.

To date, segregating populations of tri.tieale (x rríticosecale
tr'Iittnack) have been ha:rdLed by a varÍat,íon of the early generation

meËhod suggested by ShebeskÍ (1967). Gustafson (personal comunication)

:i:,riì,:at:j
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has proposed that obvious morphologícal deficiencíes (i.e. fertiliÈy,

spikelets per spike, etc.) rnay allow the use of visual selection

techniques employed ín the pedígree system. This statement ís

supported by Qualset e! al. (1969) who found that one of the most

obvious differences betvreen high and low yielding trítícales uras

reflected by a high variability in fertílity. More recently, Lorerrz

(L974) has indicated that.t,riticales also have a high degree of

variability Ín charact,ers such as head length and tillering capacÍty.

The use of early generation selection requires a large amount of

land for evaluating a relat.ively sma1l number of crosses and their

progenies. The pedigree system on the other hand, has the potential

for carrying a large number of crosses and their progenies through a

breedíng program. For these reasons, the presenË study was initiated

to compare Ëhe effects of þedigree and early generation selection on

yield and yield related comporient.s.

Mater.í-als and Me.thods

In 1973 four t.rit,icale populations of diverse origin,

designated as 1 through 4, were sown in a space-planted nursery aË the'

CIANO Research Station, Cd. Obregon in northwestern Mexico (fig. 1).

Single plants were selected which produced sufficient seed for both :

a 3-ror¿ F. yield ploË (5.6 meters long, with a row spacing of 0.155-
meters) and two headrows (3 meters in length). All plants were dis-

ca:ided which were late in maturing or which exhibÍted signs of aneuploídy.

In Lg74,9Bl 99,100 and 98 families from populations I through 4

respectively, were sown ín 3-row plots (250 seeds per row) at Irrinnipeg.

Individual p1oËs r^rere separated by 0.60 meters to reduce interplot
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competiËion. Every seventh plot was seeded to the check variety
tRosnert,; sinilarly, every eleventh row of the headror¿ nursery Ì^ras

seeded to this same check variety. Headro\Árs v/ere seeded at a rate of

40 seeds per ror^r.

The yield of each ploË was expressed initially as a. percentage

of the nearest check. Using this basis for yield determinat.ion, each

population r^ras tested to determine if deviatj-ons from riormal dis-

t,ributions occurred due to skewness. I^Ihere deviatíons occurred, F3

analyses of variance r^rere. conducted on the basis of the transformatíon

log plot minus 1og check

The ten highest yielding, the ten loT¡rest yielding, also a random

sample of ten families (yietd as a percentage of the nearest check) ín

each population of the F. yield trial \^rere retained for further
J

evaluaÈion. In addition, fíve superigr plant,s r^rere selected from ten

of the best headrows (visual evaluation) in Lhe Fr. The average F3

yield of each selection group within each population lras compared by

means of one-r"ray analysís of variance. I^lithin each population, a bulk

was produced from each of the selection groups (Fig. 1).

In 1975, the four selection gïoup bulks within each population

\"rere compared using a lO-replicate randomi-zed complete block design

at Glenlea and Carman, Manitoba. In addition, a 4-replicate yield

trial \^ras gro\4m at CIANO during the wintex of. L975-76. In Manitoba,

individual bulks r¡rere grown in 3-row plots, 3 meters long with a row

spacing of 0.15 meters. At CIANO, bulks r^rere gror¡,n in 4-row plots, 3

meteïs long with 0.30 meters row spacing. Seeding rate \ras 50 kernels

per ro\¡r at Glenlea and Carman, whereas at CIANO the seeding raËe was

40 kernels per ro\Ár.

Prior Ëo harvesting, a meËer lengËh was sampled from the center

1...

ì',:.i::.ré.j.
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roú7 of S-replicaËe plots in each treaËmenË and population combÍnation

to deLermi.ne the nr:nber of tillers per plant aË Glenlea and Carman.

A spike was retained from Ëhe primary Ëi11er of each of fíve plants

wÍthin each meter Ëo determine Ëhe mean number of spikelets per sp1ke,

kerneLs per spike and kernels per spikelet. T\so hundred-kernel weight

and kÍlograms per hectolíter rrere obtaíned from bulk seed of the same

fi-ve replÍcates afËer harvest. The treatment yield was deËermined on

the basis of Een replicates.

lbo-way analysis of varÍance !üas used to evaluate treatment

differences in terms of yield and yield components within populaËÍons

prior to combined anal-ysis rnzithin each location and subsequently over

boËh Manitoba Locati.ons. Combined analyses r¿ere conducËed on the basÍs

of a fÍxed-effects factorial model. Overall comparison of treatment

group uean yields r¿as based oa sÍng1e degree of freedom F-tesËs

Comparisons tested erere: 1) yields from bulks of the headrows versus

the bulks of the Èop ten families in each populat.íon Ín the F, earlï
generation yield trial; 2) combined yíe1ds of the headrow and rop ren

F, vieJ-d trial bulks versus the yield of the random bulk; and 3) yiej-d

of the bulk produced from the lowesË ten famÍl-ies in the F, early
:

generatíon yield trial versus Ëhe combined yÍeld of all other bulks.

Duncants multÍple range Ëest (P = 0.05) was used, to evaluaËe the effects
of selecËion on yield components in both ÍndividuaL and combined analyses.

ResuLts

Yield

Observation of Ëhe degree of concurrence between select,ion on the



63

basis of yiel-d and. visual evaluatíon Índicated líttls simil¿rity between

Ëhe fi,lo methods. Of 40 lÍnes identÍfÍed by each method. as being the

highest yielding, 13 were in cornmon to both; three from populatíon 1,

five from populaËion 2, four from population 3 and one fro¡n population

4 - All popul-aËions showed a significant deviaËion from nor-mality when

yield r¡7as exPressed as a percentage of the check. ResuLts of the

analyses of variance' based on Ëhe J-og p1-ot minus 1-og check transformation,

índicated thaË the F, mean yield of the lowest ten f¡m-ílies and the

highest ten femilíes (percentage of Ëhe check) devÍated significantly

G=0.05) from Ëhe mean yield of rhe random sample (taute t2). F3

familíes selected on the basis of headrohr.appearance yielded significantly
superior to the random sample in populations 1 and 2 (p=0.05).

Results of indívidual analyses of varíance conducted on selectÍons

grohtn at Glen1ea in 1975 indÍcated that Ín populations I and 2, only

bulks produced from the highest ten families in the F, were superÍor to

a ra¡rdom sample at P=0.05 (TatLe 13). In populaÈion 4, Ëhe bulk fo:med

from the Lo¡resË yieJ-ding ten fanilies in the F, yie1d rrial was rhe

hÍghest yíeldíng at Glenlea, alËhough differences hrere not signifÍcant.

At carma¡r (labl-e 13), both Ëhe headro-w and the top ten frmily

bulks were superÍor (P=0.05) to the random sample in popuJ-ation 1. In
populations 2 and 3, the bulks from f¡milies selected as the lowest

yíelding ín the F, earLy generation yield Ëria1 were significantl.y

lower yieJ-diog (p=0.05) rhan rhe random bulk.

IndÍvídual- analyses of the yields of the four populations ín a 4-

replicate test at CIAIIO indÍcated that boËh the headrow and top ten

fanily bulks were sígnifÍcanrly (p=0.05) higher yÍeldÍng rhan rhe

random sample (Table 13) in populations I a¡rd 2. In population 3, the

l':. :. -r:
i:-:r'1-: r:i

I1: ::r'i



Table 12. comparison of the mean F, plot yields of lines selected for the comparison of pedigree
rn¿ (F¡) early generatÍon selecÈÍon.

TreaLment

Lowest ten

Random ten

Headrow

l{ean%
check E

lfL
Mean
(1oe) 5

39. L8 -0. 9856 a t

63. 80 -O.5636 t¡;

87.30 -O.2L7L c

Highest ten ILg.72 0.1663 d

Popr n. /12

Nlean% Mean
check (1og)

t D.*"tr,'s multlple range test at P=0.05; values followed by the same letter are not signifÍcantlydifferent.
E M"tn when plot yieLd Ì^ras expressed as a percentage of the nearest check plot.
5 M.un when plot yiel-d r¡ras expressed as 1og plot minus log check plot yield in grams.

28.75 -1.2L46 a

7L.63 -0.4204 b

Pop'n. /13
lu[ean?" Mean
check (1og)

114.48

r40.42

'.l:., 1

:{rì

0.0608 c

0.3260 d

38.37 -O.9125 a

73.48 -0.3426 b

85.90 -0.222Lb

Alean7^
check

Po tn. ll4

115.14 0.1380 c 130.89 O.2675 c

Mean
(1oe)

58.60 -0.5387 a

93.3s -0.0914 b

93.08 -0.0931 b

o\
.s..
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Table 13. comgarison of the mean yields (g) of pedigree and early
generation selection bulks within individual populations aË

Glenlea, Carman and CIANO (Mexico).

Location

Population Treatment, Gl-enlea Carman CIANO

Lohrest, ten

Random Ëen

Ileadro¡¿

Ilighest ten

LowesË ten

Random ten

Headrow

Highest ten

Lowest ien

Random ten

Headrow

Highest ten

Lowest ten

Random ten

Headrow

HÍghest ten

L

L46.1- a I

182.0 a

206.2 ab

255.0 b

L44.0 a

194.8 ab

256.3 bc

272.4 c

168.5 a

167.5 a

192.3 a

199.0 a

299.2 a

276.8 a

277 .0 a

293.1 a

L24.7 a

L07.7 a

L69.2 b

168.1 b

92.O a

180.9 b

218.1 b

L93.7 b

91.2 a

t54.2 b

185.5 b

173.0 b

240.7 a

24L.4 a

265.4 a

265.2 a

426.7 a

445.7 a

573.2 b

563.5 b

473.2 a

5L2.0 a

631..5 b

668.7 b

338.5 a

437 .0 b

583.0 c

497,2 b

494.0 a

577.5 ab

651.3 b

640.3 b

l.:..:'

t Duncants nu1-tipLe range test aË p
same let,ter are noU sígnificantly

=0.05; values followed by the
dífferent.



66

bulk produced from Ëhe l-or^¡est ten families in the F, early generatÍ.on

yíeld trial was signifieantly (p=0.05) lower yielding rhan the rand.om

bu1k. At crANo' popuLation 4 showed no significant yÍeld d.ifference,

based on selectíon group, although rankíngs were simílar to those of
oÈher popuLations.

Conbined analyses of populaËíon Ëreatment effects aÈ each of the

locatíons (Table 14), based. on a fixed-effects factorial_ mod.e1,

indicated that no signifÍcant dífference (p=0.05) occurred berr,reen

the headrow and hÍgh yieJ-dÍng early generation bulks in alL populations.

At all locatÍons, the random bulk was signíficantly lower yielding
(P=0.01) than the headrow and early generaËion bulks combÍned.

sÍni1arLy, the bulks produced from the lowest yÍeld,Íng línes in the

F, early generaËion yieLd trial produced the lowest yíeld at all
locatlons (? = 0.ol). sÍgnifícant populatÍon differences occurred aË

all locati.ons (P=0.01) but no signifÍcant populatíon by treatment

interactions occurred.

results of conbÍned ãnalysís of the GLenLea and ca:ma¡r

Locatíons showed sím'it4a signífícant differences (p = 0.01) between

treatEents as obtaÍned Ín the analysÍs of results at each Location

índependentl-y (Taöle 14). SÍgnÍficant population and location
dÍfferences (P=0.01) occurred, in the conbÍned analysis but no

signÍficant interactions were obtaíned.

Yield Components

1Í11-er Per PLanF. comparíson of treatment effects on tiller
productÍon within each population at GLenLea and Caraan indicated no

signifícant (P=0.05) dífferences between rreatmenrs (.Tables 15 and 16).
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Table 14. TreaÈmenË and error mean squares
freedom comparisons of early generation
for yíeld.

for sÍng1e degree of
and pedigree selecËíon

Comparison LocaÈíon
ComparÍson

mean square
Error mean

square
i': .r. .

Ileadrow vs.
top Ëen

Random vs.
posr-cLve Þ

Low Ëen 
Uvs. rest

Glenlea

Carnan

CIANO

Glenlea

"* 
Carman

Glenlea

Carman

CIANO

GLenlea
f Carman

Glenlea

Carman

CIAI{O

Glenlea
* Carnan

9,6L4.LI

1, 805 .00

2,450.00

1,531 .40

39,809. 5O**

30, 285 . 07**

LLs ,232.04**

67,426.50**

51,875 .21**

95 , 316. 03**

240,408.52**

L43,962.01**

4,402.04

2,339.25

4 ,453.99

5,497 .25

4,402.04

2,339.25

4,453.99

5,497.25

4,402.04

2,339.25

4,453.89

5,497 .25

l.-ì
i"

g

ConbÍned effects of

Conbined effects of

Significant F value

headrow and Ëop

headrow, top ten

at P = 0.01.

ten early generatÍon selecËions.

and random sel-ections.

i+!'ii i
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sinilarJ-y, combÍned anal-ysis of popuLatíons (Tabi_e 17) resul_Ëed Ín
no sígnifÍca¡rt treatnent di-fferences, a1Ëhough the head,row bulks

had the highest ¡sart n,-her of tÍ1lers. At Carman on the other hand,

the bulks produced frou the lowest yÍeldÍng lines in the F, líeld
trial had a sÍgnificanËIy lower (p=0.05) nean.nr:mber of tiLlers per

plant than the rand.om buLk Ín the combined population analysi.s.

However at carman, the headrow buLks had a significantJ-y higher

number of till-ers per plant than all other selection bulks (p=0.05).

No sígnÍ-fÍcant Ínteractions or populatÍon differences occrlrred in the

combÍned anal_yses at either GLenlea or Ca:man.

conbined analysis of the l0caËions (Tab1e 17) indícated thar
selection of the lowest, yieldíng li-nes resulted in a sÍgnificant
(! = 0.05) reducËion in the mean nuober of tillers per pLant as coopared,

to the random bulks. In this case, the headrow bulks had. a signifÍcantly
higher (P=0.05) nean nr¡nber of tilLers per plant than bulks produced

from either the hÍghest or lowest yÍeldÍng lines ín the F, early
generation yÍeJ-d trÍa1. No significant populatÍon differences oï
interactÍons trere obtaÍned in the conbÍned location analysís. H.owever,

the mean ti.ller nr:mber aË Glenlea hras sÍgai.ficantly hígher than at

Carman (P = 0.01).

$ilograms Per Hectol-Íter. Individual- populatj.on analyses at Glenlea

and Cama¡r showed that selection groups had no sÍgnÍficant effect on
:¡:'.:','.'. "kilogr¡ms per hecËolíter (Tables 15 and 16). sÍ¡nÍ1ar results were 
ii]...

obtaÍned when populatÍons were combÍned at GLenlea (ra¡te 17), whereas

at caman, the random bulks had a higher mean number of kilogrer¡c per 
;

hectoLiter than any of the oÈher seLecËion groups (p=0.05). SlgnifÍ.cant ,

differences (?=0.01') occurred between populations at both locations iril*ii



Table 15. Yíeld component means for pedigree and early generation selection bulks wÍthin
lndividual populati.ons at Glenlea.

Poprn. Treatment

1 Lowest ten

Random ten

Headrow

Highest ten

2 Lowest ten
Random ten

Headrow

Highest ten

3 LowesÈ Ëen

Random ten
Headrow

Highest ten

4 Lor¿est ten

Random ten

Headrow

Highest ten

Tillers

T

3.64 a I

5.50 a

4.16 a
4.64 a

4.O4 a

3.78 a

3.82 a

3.62 a

4.10 a

4.18 a
4.L6 a
3.78 a

3.79 a

4.24 a

5.82 a
5.26 a

Kilograms/ 200-kernel
hectollter nueígtrr (g)

59.02 a

57.42 a

56.62 a

57.44 a 
.

55.34 a

52.58 a

54.22 a

57.2O a

59.44 a

61.16 a
6L.96 a

63.20 a

62.64 a

63.38 a
58.82 a
6L.62 a

6.39 a

6.86 a
6.39 a

6.6L a

6.98 a

6.94 a
7.5O a

7.03 a

7.49 a

6.79 a
7.L9 a
7.L2 a

6.85 a

6.53 .a
6.L3 a

5.9O a

¡r.r.

Spikelets/
spike

t 
D,.rrr"u.r' s multiple range at p = 0.05;
dif,ferent.

i..ii,.l

:r:.ìi,11

': t)¿,,t,

20.72 a

23. BB a

23.38 a
20.80 a

2L.70 a
L9.76 a

24.74 b

20.80 a

2O.70 ab

18.64 a

23.60 b

23.18 b

18.30 a

18.54 a

18.02 a
18.68 a

I(ernels/
spike

34.L6 a

4I.72 a

33.26 a

35.14 a

3I.76 a

35.78 a

4L.4O a

42.04 a

30.10 a

33. 1-6 a

41.50 a
35.34 a

34.36 a

34.92 a

34.L2 a

35.52 a

Kernels/
spikelet

l-. 63 a
1.74 a
1.39 a

1.39 a

1.39 a

L.79 a
L.66 a
2.01 a

L.42 a

I.77 a

I.73 a

L.52 a

1.85 a

1.88 a

L.B4 a

1.90 a

."):

val-ues fol-l-owed by the same letter are not si"gníficantly
o\
\o



Table 16. Yield component means for pedigree and earLy generatfon selection bulks !¡ithin
individual populatÍons at Carman.

Poptn. Treatment

Lowest ten
Random ten

Headrow

Highest ten

Lowest ten

Random ten

Headrow

Highest ten

Lowest ten

Random ten

Headrow

Highest ten

Lolrres t ten

Random ten

Ileadrow

Highest ten

Til-Lers

1-.80 a t
2.50 a

2.38 a

2.08 a

2.L6 a

2.20 a

3.26 a

1.88 a

2.06 a

2.26 a

2.88 a

2.88 a

2.32 a

2.66 a
2.86 a

2.44 a

Kllograms/
hectol-iter

57 .82 a
6L.74 a

57 .06 a

59.50 a

56.94 a

62.94 a

57.50 a
56.00 a

60.68 a
59.58 a

61-.50 a

59.34 a

62.O6 a

63.L6 a

6L.72 a

63.72 a

200-kernel
weight (g)

6.84 a

7.OL a

6.47 a

6.85 a

7.45 a

7.33 a

7.75 a

7.32 a

7.92 a

7.48 a

6.64 a
7.44 a

7.O7 a

6.66 a

6.7O a

6.36 a

'f D,-.rrr's multiple range test at
different.

Spikelers/
spike

'- t::;ti¡.
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L7 .92 a
19.52 a

L9.O4 a

18.86 a

19.14 a

L7 .44 a

20.18 a
19.78 a

L9.6O a

20.96 a

22.LO a

19.96 a

18.10 a
L7.7O a

I7.2O a

L7.62 a

Kernels/
spike

2I.2O a
24.82 a

25.02 a

3L.L2 a

32.86 a

25.96 a

30.46 a

25.00 a

25.96 a
31.02 a

33.16 a

31.04 a

38.06 a

36.10 a

31.60 a

32.O6 a

Kernels/
spikel.et

1.16 a

L.2B a

I.29 a

L.64 a

1.63 a

L.45 a
1.53 a

L.27 a

I.32 a

I.46 a

1.50 a

I.57 a

2.IL a

Z.OL a

1.84 a

1.80 a

P = 0.05; values follornred by the same let,Èer are not significantly \¡
O



Table 17' Yield component means for pedigree and early generation selection burks within
ÍndlvÍdual locatlons and over the two Manltoba locations combined.

Location Treatuent

Carman Lowest ten

Random ten
Headrow

Highest ten

Glenlea Lor¿est ten
Random ten

Headrow

Highest ten

Glenlea Lowest ten
* Carman - .Kandom ten

Ileadrow

Highest ten

T111ers

I
2.05 a I

2.40 b

2.8;4 c

2.32 b

3.89 a

4.43 a
4.49 a
4.33 a

2.97 a

3.42 bc

3.67 c
3.32 b

Kilograms/
hectoliter

59.37 a

6L. 86 b

59.44 a

59.64 a

59.L2 a

58.64 a

57.9I a

59. 87 a

57.7O a

6O.22 a

58.78 a
59.60 a

20O-kernel' Spikelers/
welght (g) spike

J'D,rr,c"nts multiple range at p = 0.05;
dífferent.

7.33 a

7.L2 a¡,

7.L5 a

6.99 a

6.94 a
6.78 a

6.80 a

6. i8 a

7.L4 a

6.95 a

6.97 a

6.68 a

18.69 a
18.90 a
L9.63 a

L9.O6 a

20.36 a

2O.2I a
22.44 b

2O.87 a

19.53 a

19.55 a
21.03 b

19.96 a

Kernels/
spike

29.52 a

29.47 a

30.08 a

29.8I a

32.59 a

36.40 a

37 .57 a
37.01 a

31-.06 a

32.94 a

33.82 a

33.41 a

Kernels/
spikelet

values followed by the same letter are not significantly

1.59 a

L.56 a

L.54 a
I.57 a

1.58 a

1.81 a
L.67 a

I.78 a

1.59 a
1.68 a
1.61 a
1.68 a

':,1,ì ;.
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but no signíficant inËeracËíons were obLaj,ned in either Índívídual

or combined analyses.

Conbined ana1ysis of locations indicated no signi.fieant dÍfferences

between sel-ection groups (Tabl-e 17). No significant location differences,

in terns of ki1-ogrâñs peï hectoliter, or ínteractions were obtained ín
the conbíned locatíon analysis.

Two Hundr9d-Kernel tteight. Comparíson of selection effects oi mean

200-kerneJ- weight in each population aË each locaËÍon Índicated no

significanr differences (Tables 15 and 16). Simil_ar effecËs were

obËained vrhen selection buLks r¡rere compared in the coubined analysi.s

at each loearion and over Ëhe two locations (Table 17). population

differences (P=0.01) occurred at both locations and Ín the co¡nbined

Location analysis. carman had a sígnÍficanti-y (p=0.01) higher nean

2O0-kernel- weíght than G1en1ea. No significant inËeractions were

obtained when comparing selection effects on 20O-kernel weight.

spÍkel-ets Per SpÍFe. Selection of the top ten headror¿s in populatÍons

2 and 3 (Table 15) resulËed in a significa¡rt (P=0.05) increase .in

spikeJ-ets per spíke at Glenlea. seLection of the ten highest yieldíng

f¡míliss in population 3 aLso resulted Ín a signífícant (p=0.05)

Íncrease in spÍkeJ-ets per spike. At ca:man however, oo signifícant
LreatmenË differences occurred in the individual population analyses.

Although the results of the coubÍned analysis aË Gl-en1ea indicated

that headrow selection resulËed Ín a signifÍc4nt increase (?=0.05)

in the number of spíkeleËs per spike, no signíficant differenees r4rere

obtaíned at Caman (TabLe 16). Signíficant population differences

occurred at both LocatÍons (p=0.05), however, a signífÍcant
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(P = 0.05) populatlon x Èreatment interaction lras obtained at Glenlea.

Combíned locatÍon analysls (fable 17) of the effect of selection

on spikelets per spike showed Èhat sel-ection on the basis of headro¡¡s

resulted in a sÍ.gnificant (P=0.05) increase in spikel-ets per spfke.

Sígnificant (P=0.05) population differences rüere obtained ín the

conbined analysis. At G1-en1-ea, popul-ations extribited a signifícantly

higher (" = O.O1) mean number of spÍkelets per spike than they did at 
,

Carman. Ilowever, combined analysís over locatíons indicated that'a

sígnifÍcant (? = 0.05) population x location interactfon occurred.

Kernels Per Spíke. Analysís of selection effecË on kernels per spike'

indicaËed no sígnificanË differences between sel-ection groups ín the

índÍvídual popul-ations at eÍther Glenlea or Carman (.tattes 15 and 16).

SimilarJ-y, no sígnifícant ËreatmeriË differences occurred in the

combined analysís at each locatíon or over both l-ocations (Table 17).

A significant (P = 0.01) population difference occurred only at

Carman. Combíned analysis of the Ëwo Manitoba locations resul-ted in no

signífÍcant treatment dlfferences. However, the Glenlea l-ocation had

a hígher mean nrmber of kernels per spike than Carman (P = 0.01). In

addition, a sígnificant (P = 0.05) genotype. x locatÍon ínÈeraction was

obtaÍned in the conbÍned analysís

Kernels pe_r .Spikele.t. No signifícant differerlce occurred in Ëerms of

kernels per spikeleË between treaËmenËs at Glenl-ea or Carman (.fables

15 and 16). ConbÍned anal-ysÍs at each locetion índícated no

signifícant treatment dÍfferences buË sígnífícant (P =0.01) popul-aËíon

dÍfferences occuïred at Carman. No sígníficant treatment differences

(table 17) were obtaÍned ín Ëhe combined l-ocation analysis, however,

'- .: l:':.::l
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significant (P=0.01) populatíon dÍfferences were obtained. populations

at Glenlea had a signíficantJ-y (p=0.01) higher number of kernels per

spíkelet than Ëhose at Ëhe Ca:man locaËion.

Di.scussion

Results of the present study conform r¿ith those obtained by

Leudders et al. (1973), seírzer (1974) and Boerma and cooper (1975)

comparing pedigree and early generatÍ.on selection for yie1d. Coub1ned

analysís at each locaË1on and over the Ëwo Manitoba locatíons- indícated

that the two methods were about equally efficÍent i-n the Ídentifi.catÍon

of high yÍelding marerial. rn addÍtion, bulks produced from lines
selected as low yiel-ding by the earl-y generaËion yiel_d trial had a

lornrer mean yieJ-d Ín the Fo replicated yíeld triaL than a1J- oËheï

selectíons.

A comon method for evaluaÊÍng visual and yield p1oË selection

has been to compare the mean yield of plots. selected visuarly with
yi.elds from p1-ots selected on the basis of a yield tría1. BrÍggs and

ShebeskÍ (1971), Townley-Snirh et al. (1973) and Mundel (lg7l) found

that visuaL seleetion in * F3 yíeLd triaL resulËed in an increased

yíeld but tlie yield Íncrease r¡as smal-l compared to seLectÍon on Ëhe

basis of plot yíe1d. SÍuilar resuLts were for:nd Ín the present case

when the yield of F, lÍnes sel-ected in the headrosrs was compared Ëo

the yield of lines selected on the basÍs of a yield trial_. ro two

of the populatÍons, the mean yiel-d of F, plots correspond.ing to

selected headrows did not differ sÍgnÍficantly from the raadom sanrFle.

Ilowever, in populatíon 4, fÍve of Ëhe top ten 1Ínes seLected by the

yield trial suffered water damage in the headror,r nursery resul-ting in

Li:
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a possible underestimation of true yielding abílity. Although lines

selected on the basis of plot yield had a significantly higher mean F.
J

yield than families selected on the basis of visual criteria, the equality

of the F" early generation yield selection and. headrow'selection methods3'
in Ëhe F, yield trial indicated that visual selection retained high4'
yielding segregates normally díscarded on Ëhe basis of F, ploÈ yield.

One major disadvantage of yield testing Fr-derived progenies

(I^Ihitehouse, 1953) is that the number of progenies which can be tested.

is limited. A second criticism which should be considered is the

importance of interplant compeËition r¿ithin yield plots. Allard and

Adams (1969) studying this problem in wheat and barley, found that high

yíeldÍng lines of poor competitive ability suffered severe reduction in

productiviËy in mixtures. similarly, Khalifa and Qualset (L975) found

thaË shorË-statured segregates \,rere lost if populations of high yielding

semi-dwarfs and low yíelding tall-statured variet.ies were grovm for

several generations in bulks. consequently, they eoncluded bulks

should noE be used to reduce the risk of losing desirable semi-dwarfs.

One of the major objecÈives in the d.evelopment of trit.icale as a

commercial crop specíes has been the synthesis of semÍ-dwarf straíns

(salmon et al. rg75). until recently, triticales emanating from the
:

various programs throughout the world were characteristically eall and

subject to lodging (zittinsky and Borlaug, 1971). salmon er al. (Lg7s)

noËed the common occurrence of 1ow fertility in wheat and triticale

semi-dwarfs. As a consequence, rejection of lines solely on the basis

of yield as in the F, early generation yield trialr mây resulr ín the

loss of desirable semi-dwarfs. similarly, interplant competitíon

within F, vield plots may reduce Ëhe number of semi-dr¿arf segregates

in future generations.

I i.... i
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MeioÈic instabilÍ-ty, a coumon occurrence in presenË day tritieales,

is an additionaL faetor which shoul-d be Ëaken i.nto aecount when

determíning when and hor"r to select wíthin tritÍca1e. Merker (1974) noted

Ëhat high meiotic instability nay resulÈ in productíon of aneuploids

which in turn exhibit poor vÍgor and reduced yield. According to

Merker (L974), early sËudies proposed Ëhat meiotÍc instabil-ity was

directly related Ëo poor fertility. However, studies conducËed by

RÍley and Chapnan (1957), Rí1-ey and BeLl (1959) , Mr:nrzine (l-966) ,

MunËzing et, al. (196,3), Tsuchya (Lgz|), Hsam and Larre r (1973, Lg74),

Merker (Lg73) and Gustafson and Qualset (Lg75) revealed no concrete

reLationship between fertility and meiotíc instabÍlity. Tsuchya

(Lg72) qualified his staËemenÈ by proposíng thar poor ferril-ity nay

be related to uei.otic instability when ínstabilÍty is severe.

rn addítion to natural meiotic instabiliËy in triticales

containing a ful1 compLement of wheaË and rye chromosomes, recent

studies have shown a high frequency of wheaË-rye chromosome

substitution. Gustafson and ZÍLlÍnsky (1973), GusÈafson and Qualset

(Lg74, Lg75), Darvey and Gustafson (L975), Merker (1975), GusËafson

and Benne-t:- (Lg76) and Gustafson and ZiJ-linsky (1976) have idenrified

changes in heteroehromatin content in rye chromosomes. Gustafson and

Qualset (1975) concl-uded Ëhat crosses produced from parents dÍffering

in rye chromosomes shoul-d not be díscarded on the basis of fertil-Íty

in the F, and early generatíons. Thís could result in the loss of

meterial whÍch, although poor ín early generations, could produee

desirable segregates in subsequent generations.

As a result of trÍals conducted throughout californía, Qaulset

l.:.:.:
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et al. (1969) concluded that one of the most obvious causes of low

yield capacity in triticale was poor fertility. Lorenz (Lg74)

summarizing the líterature on tritícale research, observed that

triticale exhibited a wide degree of variabÍlity for such characters

as head length and tilleríng capacity, as well as fert,ility. However,

as in other cereal crops, a wid.e degree of variability occurs in yíe1d

component,s in triticale. 
.Sethí 

and Singh (Lg72) found a strong positive

correlaËíon bet\^/een' tillering and yield. Gustaf son (L972), Barnet,t

et al. (1973), Gebremaríam (1974) and chen (1974) have nor,ed a srrong

correlation betr^reen yielding abitity, kernels per spike and kernels

per spikelet. Gebremariam furËher indicaËed that ti11erÍng capacity

\¡ras negat,ively correlated with yield but that late mat.urit.y and plant

heíghr were positively related to yield.

Based on results from combined locations in the present. sËudy, it

appears that yield improvement due to visual select,ion r¡¡as accompanied

by an increase in tiller number and spikelets per spike. rn this case,

a significant increase r^ras found only for spikerets per spíke. se-lec-

tion of the highest yielding lines in the Fr'yield trial resulted in a

reduced number of tillers per plant, a reduced 2OO-kernel weight,, re-

duced kilograms per hectoliter but an increase Ín numbers of spikelets

per spike and kernels per spike. However, selection of the highest

yielding F, lines did not result in a significant increase over random

for any of the yield components. Selection of the lowerst ten lines in

the yield trial resulted in reduced tillering, reduced numbers of

spikelets and kernels per spike, but an increase in 2O0-kernel weight.

.t -. :.1: : l
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only the reduction in kilogrâms per hectoliter r¡ras significant.
However, w.hen considering these results for yield components it musË be

noted thaË analyses l¡rere conducÈed on eiËher a sma1l number of plants

or replicates in each case. 
.

Although both the F, vield tríal and the headrow selection methods

resulËed in equal and signíficant yield increases over rand.om selection,

the two methods díffered in terms of lines retained. Sel-ecti-on ín the

Fr generaËíon is usualJ-y conducËed on the basis of single plant fertilíty.
However, plants showÍng desirable agronomic characteristÍcs but which

are cytoJ-ogical-1-y unstable may also be'seLecËed and íncluded in-the

F, liel-d and headrow nurseri.es. subsequent productÍon of aneuploi.ds,

resultíng in red,uced. yield (Merker, rg74) nay cause these línes Ëo be

dÍscarded on the basis of the yield trial. rn cases where meiotic

stability is a probier, 
" reduced leve1 of selection pressuïe, as

made possÍble by the use of the pedigree selection method, may

be more advantageous unËi1 meiotic stabil-ity has been achieved.

;:': :'l : :
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THE EFFECT OF SELECTION I]NDER DIVERSE ENVIRONMENTAL CONDITIONS

ON THE YIELD AND YIELD RELATED COMPONENTS IN HEXAPLOID TRITICALE

AbstracË

During the surruner of. L973, four F, hexaproid triticale

(X Triticosecglg trIittmack) populations \¡rere evaluated'for yíeld in an

F, earlY generation yield nursery involving systematically placed check

plots. rn eaeh population, famílies yielding 25 percent greater than

Ëhe nearest check plot. were retaíned. Each family was represented in a

space-planted nursery aË CIANO, Mexico during the winËer oÍ. 1973-74 anð

at lrlinnipeg during the sr:mmer of. L974. All familÍes and lines within

families in each population which were light. insensiËive at CIANO hrere

retained for bulk evaluaËi-on. Similarly, an equal number of families and

lines within families were selected for yíeld on the basis of visual

criEeria and. at random at lfinnipeg. withín each populaÈion, a bulk

was produced from each of Ëhe insensitive, random and vísual selecËíon

groups. During the suruner of 1974, selecËion bulks T¡rere grown in a

lO-replicate yíeld trial aË Glenlea and Carman, Manitoba. In addjËion,

selecLion bulks r¡rere represent.ed in a 4-replícate yield trial aË CIANO '

during the winter oÍ. L975-76. Bulks \¡¡ere compared. for yielding ability

at each location and over the tr^ro Manit,oba locations by a fixed-effects

factorial model.l si*il"rly, bulks \^rere compared for t,est weight (kg/hl),

2O0-kernel weight, numbers of spikeleÈs per spike, kernels per spike

and kernels per spikelet at the two ManiËoba locaËions (5-replicates)

and at crANO (4-replicates). rn addi-tion, bulks r¡rere compared for

tillering at the two Manitoba locati-ons. Combined analysis over the

two Manítoba locaËions indicated that t.he insensitive bulks had a

i: : r:r ;jr'
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significantly lower yie1d and test weÍghË than the rand.om bulks. No

sígníficant dífferences occurred in Ëerms of yiel-d beËween bulks at
cra¡{O. Hor.¡ever, the insensitive bulks had a significantly higher

2oo-kernel weÍght but a lower nunber of spikelets per spike than either
the random or visual bulks Ín the conbined analysis. These resulËs

índícated thaÈ valuabi.e high yieldÍng rriticale lines may be lost due

to selectÍon for 1Íght insensiËivity in early generaËíons.

i?:!;:!.i:i ¡ l
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IntroductÍon

The first large scale triËicale (x rriticosecare wittmack)

breedíng Progrâm on Ëhe NorËh American continent was initiated at the

university of Manitoba Ín 1954. ln L964, a cooperative pïogram r,üas

establÍshed r,sith CIMI{YT (International Center for l{aíze and lütreat

rmprovement) in Mexico. Thís program has facilitated the selection of
ËrÍtícale lines under trvo r¡¡Íde1y diverse environments.

Lebsock et aL. (L973) noted that mosË spring wheats developed

in the northern l-atíËudes have a J-ong-day requiremenË and consequently

have lÍmited adaptatj.on to other parts of the world eÍËher as comercial
varíetÍes or as parental sËocks. sinilarly, many of the earl-y príma¡y

and secondary triticales produced at the universÍty of Manitoba are

sensítive to short-day conditíons (Qualset et a1. 1969). rn contrast,
however, Krull eË a1. (1968) sËated Èhat probLcms of sensitívÍty to
day-length have been removed from the CIMI"III breedÍng progran by the
selection of light ínsensÍtíve genotypes. Intercrossing of Mexi.can

and Ganadian trÍtÍcales has, consequently, allowed the incorporation of
light insensitívity Ín tríticales being produced aË the university of
ManiËoba.

!'IÍth the development of an F, early generation yÍeld testing
systen by ShebeskÍ (1967), the utÍlÍzaËion of winter nurseries in
northwestern Mexico has becoue an lmportant means of rapÍd advancement

from hybridizatíon to prelírninary yÍeld testing ín both the r¡rheat and

triticale progrârns at the universÍty of Manítoba. up to the preseat

tÍme, both F, and FO space-planËed nurseries r,¡ere gror¡¡n at the cIANo

Research staËíon, cd. obregon, during the wínter months. rt has
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generally been considered thaË selectíon is random for yíe1d but two

Ëypes of selection may be occurríng: 1) selecËion of plants sufficÍent1y
maËure for harvesting in March at crANo for planting at llinnipeg in May;

and 2) selecËion of plants which will produce sufficient vÍable seed

for a singl_e test plot 5.6 meËers long (750 kernels). Consequent,ly,.i

Lines selecÊed for yÍeId ËesÈÍng ín canada contain a high proporËion

of light ÍnsensitÍve genotypes.

studÍes conducted on cormon wheats have shown that a 1_arge,l

',, proportion of the genotyPe by environnent'Ínteraction may be attributed,

: i to complex interactions beÈween vernalizatÍon (genes for wÍnËer habít),
", '

temperature during early sËages of development and photoperíod response.

r syne (1968), pugsLey (1970), Halse and Ï,Ieir (1970) and Lerry and

I peterson (L972) have found that vernalization of photoperÍod ÍnsensiËive

sprÍng wheaËs resulted in reãuced numbers of tillers per plant and

i spíkelets per spÍ-ke. Heíner (1971) explaíned Ëhis phenomena on the

i tasis that some of the conmon bread wheats have genes for loqr
i

, 
temperature resPonse which when conbÍned with light j.nsensitiviËy nay

cause abno:mally rapÍd devel0pnent. ThÍs in turn mry result Ín

;,, reduced til-leriog, shorter strasr and earl-ïer uaturiÈy than

',' tempeÏature resPonsive líghË sensÍt.íve genotypes. AlternatÍveJ-y,
I

Ilurd-Karrer (1933), Syme (1969) and Lebsock er a1. (1973) proposed

that a similar effect nay occur if lÍght insensitíve genotypes are

i, e:çosed to hígh atmospheríc temperatures and J-ong-day períods during
,', i

I early plant development.

studies conducÈed on Ëhe effect of short day-length on Ehe

' ¿evelopment of cereal crops have indicated that increased, exposure Ëo

short-day conditions resulËs in a sígni.ffcant increase in nagnitude of
-;



specÍfic components. rn particular, Rawson (1g71) sËudying the effect
of photoperiod on day-length sensiti.ve wheaË and tritícale 1Ínes found

that both specÍes showed a dramatic increase in the number of spikelets
per spike under short-day conditions. The most eïtreme effecË was

obsen¡ed in the triticale line whích cont,inued to respond after the
wheat lines had reached an apparent maxi1tr¡s nr:mber of spikel_ets.

ZilJ-insky and Borl-aug (1971) also noted thar a short photoperiod had

a dr¡matic effecË on the numher of tillers produced by 1-íght sensitive
genotypes. They observed that J-ight sensitive genorypes required at
least two r¿eeks l0nger to reach maturÍËy but produced twÍce as many

tiLlers as 1íght ÍnsensÍtíve genotypes.

Lebsock et al. (1973) conducted. a study on the yieldíng ability
of near-ísogenÍc ]-ight sensiËive wheat LÍnes t,o determÍne the effecË

of selectÍon for light ÍnsensÍtivÍty on the yíerding abÍl-iËy of d1¡¡nm

wheat lines in a series of yiei-d tïials throughout the northern

united SËates. Results indicaËed that sensiËÍve and ÍnsensitÍve Fu

lines díffered LittLe in yielding abÍlity when analysÍs r,ras based on

all locations combined. analysis of the indivÍdual locations shor¡ed

that Fu insensÍtíve Línes yielded as hígh or hÍgher than sensítive
línes at Ër^ro of three locations buË were 40 percent lov¡er yielding
than the sensitÍve 1Ínes at the third loeation. Lebsock et al. (1973)

concluded that high atmospherÍe teoperatures, along with the long-day

envÍro¡rment' lsas responsÍble for reduced yield at ËhÍs one l_ocation.

rn additÍon, they concluded that wiÈh seLection of stable lines,
lÍght insensirÍvity wouJ.d not adversely affect the yielding abÍríty of
li'nes selected for testing Ín the northern united states.

As Ín lllany other areas of, research, little ínfomation is available
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on the influence of select,Íon for light ínsensitivity on Ëhe yielding
abilÍty of tríticale lines groT¡¡n ín northern l-atitudes. concern has

developed at the universÍËy of Manitoba thaË imposed selection of
1Íght insensÍËive types by the use. of space-pLanted F, and Fo nurseries

at crANo' MexÍ.co may be reducing the chance of obtainÍng a conmercially

viable triËical-e for use ín canada. consequently, this study was

ínitiated to determi.ne the Ínfluence of selecËÍon beËi4reen and ¡sÍËhin

hígh yieldÍng Fr-deríved Fo fa:níJ-íes selected from crosses of light
sensitíve and insensitive triticaLe l-Ínes at crANo and trIÍnnípeg.

Method

During the sr¡n¡me t of. !973, four populatÍons designated as A
through D were grown ín an F, earJ-y generation yieLd tría1 (shebeski,

L967) at trünnipeg, Manítoba. A total of 3gl, zo7, 50 and 34 Fr-derived
f¡mílfss within each population, respectívely were seeded ín 3-row

plots, 5.6 meters in J-ength úrith o.l5 meter row spacing. ?1ots were

separated by a space of 0.60 meters. The seedÍng rate of al1 plots
vras 250 seeds per roúr. Every seventh plot was seeded to the check

cultivar tRosnert.

rndividual p1oË yíeLd !,ras expressed as a percentage of the

nearest check plot yield (ín grans). In each cross, lines exceedÍ.ng

the check varfety by aË least 25 percent, were retained for further
evaluation. A total of r0, zo, 2 anð.6 fan:ilíes rrere retained from

populatÍons A through D, respecËively (tr.Íg. Z).

Each faní1y was represented by 200 plants in a space-planted

nursery at crANo, Mexico during the r,rÍnter of 1973.-7,4 and by 100 plants

in a space-planted nursery at lfÍ.nnÍpeg durÍng the sr¡me t of L97h .
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Families were selected at cIANo whích r,¡ere sufficÍ-enÈly mature (light
insensitive) Ëo a11ow harvesting in the Mexican nursery (March) and

planting (May) in l^IÍnnÍ-peg and conËai.ned ÈîrenÈy plants with sufficíent
seed to produce a single plot equal in size Ëo Ëhose used Ín the F,
earl-y generation yield trial (750 kernels). An equal_ proporti.on

of lines were visually selected at wínnipeg during the sr-me r of L974.

I'IÍthin eaeh f¡mífy, Èen pLants vrere retained on the basis of desirable
agronorn'íc characteristi.cs (fertil_ity, tÍllering, etc.). rn addition,
wiËhín each popuLaËion familÍes were retained at random in winnipeg.
Each population r¡ras represented by a bulk population produced from the
Mexi.can (ÍnsensitÍve), random and !üinnípeg (visual) selection groups

in a lo-replÍcate yield trial of rand,omízed couplete block design grorrn

aË GlenLea and carman, Manitoba during the sr:n¡met of. 1975. Bulks were
gro$rn in 3-row p10ts, 3 meters 10ng with 0.15 meter row spacing and

0'60 meter spacing betneen plots. PLots r¡ere seed,ed at a rate of 50

kernels per row.

A 4-replÍcate yield trial of the sane material as tested at the
two Ma¡ritoba sÍtes was also gror¡¡n at crÆrïo, Mexico durÍng the wÍnter of
L975-76. The test eonsÍsted of 4-ror¡ plots, 3 meËers long T,rÍth 0.30

.':
meter plot'and row spacÍng. The seedÍng rate was 40 kernels per ror^r.

Príor to harvesting, a meter rength was sampled frou the center
row of each pJ-ot over five replicaËes, in order to determine ti11er
number per plant at Glenlea and carman. A head was retaíned from the
primary tÍ11er of each of fÍve plants within the meter sample to
deËermine the mean n¡:ubers of spÍkelet,s per spÍke and kernels per spÍke.
Tsro hr:ndred-kernel weÍght (Ín gr¡rns) and kilogrems per hectolÍter r¡ere

obtaÍned fron bulk seed of Ëhe same five replÍcaËes after harvest,. The

,: i: .'::
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treatment mean yield (in grams) r¿as determined by the harvesting of

all plots in their entirety.
!

At CIANO, the numbers of spíkelets per spíke and kernels per

spike were d.etermined by sarnpling five plants from the outer tv¡o rows

of each of the 4-replicate ploËs per ËreaËment.. Two hundred-kernel

weight (in grarns) was determined from a sample of the five plants

retained per plot. Kilograms per hectoliter'$/as *easuied from a sample

of seed obtained from Ëhe two center ror¡rs of each plot harvesÈed for

yield determination. tulean tíller number per treatment ï¡ras not

determined at CIANO.

lwo-way analysis of variance \¡/as used Ëo evaluat,e treatmenEs

ín t,erms of yield and yíeld components wiËhin populations prior to

combíned analysis. Combined analysis of treatment groups üras con-

ducted aË each location separately, and subsequenEly over the tv/o

ManiËoba locations by using a fixed-effects factorial model. Overall

comparison of treaËment groups r¿as based on single d.egree of freedom

F-tests. 'Comparísons tested r¡Iere: 1) bulks from Mexican selecËions

(ínsensitive) versus bulks produced from random sampling aÈ l^linnipeg;

and 2) bulks produced from visual selections at !trinnipeg versus the

combined effec.ts of Mexican and random bulks. Duncanrs multiple

range tesË (P = 0.05) r¿as used to evaluate the effecËs of selection on

yield components in both individual and combined analyses.

Results

Yield

No apparent, difference

Fr-derived FO families which

occurred in mean F, lield between t.he

were selected eiËher visually or at random
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ín trrlinnipeg and those selected for light insensiËivity at CIANO (table

ls). rn populati-ons A and B, approxirnately 40 percent and 60 percent,

respectively of the families grown at crANO r¿ere discarded on the

basis of heÍght and lodgíng. rn popurations c and D, however, a1l

fami-lies ü/ere retained at CIANO

Individual treatment comparisons v/ithin populat.ions at Glenlea,

Carman and CrANo (Table 19) indicated in general thar ih. r" bulk wirh
5

the lowest yield was the light insensitive type. At Glenlea, the

light insensitíve selecËions r¿ere signifícantly lower yielding than

Ëhe random or visual bulks (p= 0.05) in populations B, c and D.

AË carman, the visual selections \¡/ere significantly higher yielding

Ëhan the random and light insensitive selecrions (p = 0.05) in

populations A and B but, díffered only from the light insensitive bulk

Í-n population c. At crANO on the oÊher hand, the highest yielding

bulk in populations A through C was that produced from randomly sampled.

families. rn population D, however, the randorn bulk was the lowesË

yielding Ëreatment in terms of rank. Although significanË differences

(P = 0.05) were found betr^/een treatments within populations at Glenlea 
.

and Carman' no sígnificant differences were obtained between treatments

AT CIÆ{O

Combined analysis of treatment effect.s over populations (Table 2O)

showed that the 1íght insensitíve Mexican bulks were signíficantly lower

yielding than r¿ere the random samples (p= 0.01 and. p= 0.05) at Glenlea

and carman, respectively. The mean yield of the bulks produced from

visually selected material was significantly higher than the com-

bined effects of the light insensitive and rand.om bulks

t : i;



Tabl-e l-8. The number, F3 mean ylelds and standard
early generatlon yleld trlal and subsequently
insensltlve) and l,Iinntpeg (randon and vfsual,) .

Number
Poprn. selected

Selected F3 fanllfes

A

B

L0

F3 mean yield
. plot -
% check check (g)

L40. 87

sE 
g 

4.33

20

errors of
fron the F4

SE

D

r47.02

3.15

L45.9s

7.05

304.09

L7.30

346 . s0

24.5L

257.50

39. s0

famflles (25% > the check

space-planted nurserfes

€ sE r.fers

Ñurnber
sel-ected

SE

Llght lnsensitÍve

SE

148.07 409.83

2.85 34.t4

Eo the sËandard error of the

% check

Selected F4 fanfLles

L42.45

6.69

L46.L7

4.49

L45.95

7.05

148.07

2. g5

Plot -
check (g)

yield) selecred

at CIANO, Mexlco

Mean F

303. r.6

25.73

309. s7

25.7L

257.50

39.49

409.83

34.L4

Z check

yfeld
Random

from the F3

(1-ight

mean lmmediateLy above.

r_41.05

6.9s

148.03

6.55

1_45 .9s

7.05

148.07
'2.95

Pl-ot -
check (g)

303. L7

25.73

366. 86

42.27

257.50

39.49

409. 83

34.L4

Z check

Vlsual

L44.27

6.1_0

L44.7s

5.02

1,45.95

7.0s

r-48.07

2.85

Plot
check ?er

318 .8 3

18.19

332;43

27.4L

257.50

39.49

409.83

34.L4
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Table 19. Comparison of rhe mean yields (g)
(insensitive) and hlinnípeg (visual) bulks
populations at G1en1ea, Carman and CIANO

of random, Mexícan

within indÍvidual_
(Mexíco).

-Location

Population Treatment Glenlea Carman CIAT{O

A Mexico

Random

f'Iinnipeg

Mexico

Random

I,Iinnipeg

MexÍco

Random

llinnipeg

Mexico

Random

!üínnípeg

202.00

224.50

305 .10

198.30

292.00

305 .00

168.20 a

L77.30 a

232.80 b

182.00 a

211.80 a

282.80 b

171.60

191.60

220.30

L66.60 a

204.70 a

180.30 a

473.00 a

514.50 a

508.00 a

553.50 a

623.00 a

603.25 a

515.50 a

592.75 a

54I.75 a

568.00 a

473.25 a

579.00 a

^fd

a

b

a

b

b

229.00 a

266.30 b

296.00 b

227.80 a

272.90 b

278.40 b

a

ab

b

D

I ,.-i,:;'j' :r:..

iì,..*;.,. -
!.,.-ìf: :j.r :j !{4:.. - .::

Duncanrs nultíple range test at p=0.05; values followed by Ëhe
same letter are not signifícantly different



Table 20. TreatmenË and error mean squares for yield comparisons
of random, Mexican (insensitive) and trIinnipeg (visual)
selecËíon bu1ks.

Comparison Errorcomparison Location Mean square Mean square

MexÍco vs. random Glenlea 49,252.81** 4,930.53

Carman 11 , 85 8. 45ib Z ,370 .OO

. clenl_ea 54 ,5 75 . 00* B ,724.99* Carman

Winníþeg.vs. "."tt Glenlea 86,678.00** 4,830.53

Carman 53,700 .42** Z r370.OO

Gl-enl-ea 138,2 78 . 35** g,7Z4.gg
* Caman

* SÍgnÍfícanË F value ar p=0.05.
** Significant F value aË p = 0.01.
" Rest, refers to the mean of Ëhe Mexican and random bulks.

l-,.;..,.

i --:-:'*'
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(?=0.0r) at both locatÍons. At crAl{o on rhe orher hand., no

sígnifícant difference occurred beÈween treatments. AlËhough

sÍgnificant population differences occurred only at Car-man (p=0.05),
o significant inËeractions were obtained at any of Ëhe three l-ocatÍons.

, In the combined analysi-s of the Ëwo ManiËoba locatíons (Table

20), the LÍght ÍnsensitÍve tïeatment $rês signifÍcantly lower yieldÍng
than Ëhe rand,om Ëreatment at, P=0.05. The visuaL Ëreatment r^ras

signifícanLly superÍor (P=0.01) to the combined effect of the insensitive
'l and random Ëreatments. The mean yield over all treêtments indicated

hat the yield aË Glenlea r¡ras sígnÍficantLy superior Ëo yiel-ds at
Ca¡man (P=0.01). No sÍgnÍficanË interacËions !üere found for the

combined anarysÍs over the two Manitoba rocations (e = 0.05) .

YÍeld Components

TÍ1lers Per Plaqt. Ar-though the visual bulk had a signifi.cantly
higher number of tillers per plant than Ëhe light insensÍtive
MexÍcan bulk Ín populatíon A at carman (p=0.05), no sígnificant
dífferences occurïed between treaËments Ín eiËher the remainÍng

populatíons at carman or Ín al1 populations at Glenlea (Table 21).

conbined analysÍs at each locatÍon and over the two Manitoba l-ocat,ions

(Table 24) indicated Ëhat no sÍgnÍficant díffereaces exÍsted betr,reen

populatíons or treatments (p=0.05). Glen1e!-gÍor,ü1 meterial was

significantly higher in tiller production than material at Carman

(P = 0'ol). No significant interactions occurred wíthin each l-ocaËion

or the conbined Location analysis.

KÍlograns Per HectolÍter. At both Manítoba locations, the visually
selected bulks and random bur-ks had the higåest tesr weíghr (kg/hl) .



Table 21. Yleld componenË means for
within indívidual popul_ations at

Pop rn.

A

Treatment

Random

Mexico

I,üínnipeg

Random

Mexican

l,linnipeg

Random

Mexican

t'IinnÍpeg

Randon

Mexican

trIinnÍpeg

random, Mexican

GIenlea.

Tillers

c

4.24

3.92

3.28

3. 04

4.70

2.96

4.24

4.L4

3.48

2.74

3. 36

3. 36

Kilograms/
hectollter

+
a

a

a

Ð

(lnsensitive) and ltrinnipeg (visual) bulks

60.30

57 .22

63.04

6L.94

6L.76

62.96

58.72

s4.L4

6L.32

6L.78

59.96

63.56

200-kernel
weight (g)

a

a

a

a

a

a

a

a

a

Duncanrs multiple range test at p=0.05; values folroweddifferent.

ab

a

b

7 .37

7.50

7.35

7.00

6.72

6.9L

6. BB

7 .53

7.LL

6.84

6.76

6.s4

a

a

a

a

a

a

a

a

a

Spikelets/
spike

a

a

a

16.06

r-6. 38

16.80

L6.62

14.36

17.s6

L7 .90

18. BB

1_ 7 .18

16.96

17.32

L7 .52

Kernels/
spike

a

a

a

a

a

a

a

a

a

a

a

a

27.90

31.18

36.26

30.64

25.26

37. 10

39.70

33.80

31.78

3r.94
24.38

33.82

Kernels/
spíkelet

a

a

a

a

a

a

a

a

a

a

a

a

r.74
1. 90

2.06

1. 87

L.62

2.L2

2. 08

1. 86

L.37

1. B7

1.59

1.90

a

a

a

a

a

a

a

a

a

a

a

a

by the same letter are not signíficantly

a

d

a

b

ab

b

a

b

\o
F.



Table 22. Yleld componenË means for
r"rithin indivldual populatíons at

Pop rn. Treatment

Random

Mexico

t'Iinnlpeg

Random

Mexico

I^linnlpeg

Random

Mexico

!'Iinnipeg

Random

Mexlco

ltinnfpeg

Tll-lers

random, Mexícan (lnsensitive) and lJínnipeg (visual) bulks
Carman.

2.2O ab F

I.66 a

2.56 b

Kitr-ograms/
hectoliter

2.24

2.46

2.38

1.80

1.80

L.74

2.66

2.50

2.04

54.64

57.48

60.04

60.54

s8.20

6L.40

59. 0B

s5 .80

62.62

61.90

59. s6

60.00

a

a

a

a

a

a

20O-kernel Spikelers/
weight (g) spÍke

a

a

a

Duncanrs multÍple range test at p=0.05; values followed
dífferent.

lr. i..íi:
':.1.:.11.:

7.83

7 .27

7 .L7

6.96

6. 38

7.07

6.98

6. 80

7.40

6.49

6.76

6.54

ab

a

b

a

a

a

L4.70

16. 18

]-5.46

16.62

15.50

t_6.13

L6.I4
t_6. s8

Ls.46

L6.52

16. 10

15 .96

a

a

a

b

a

c

b

a

b

a

b

a

a

a

Kernels/
spike

a

b

ab

26.I2
22.80

26.58

33.44

30.74

22.20

28.38

32.40

32 .00

34.28

26.90

32.42

a

.a

a

a

a

a

a

a

Kernels/
spÍkelet

ab

a

a

a

L.79

L.42

L.73

2.05

r.72
2. 00

2. 0B

1. 86

L.37

r.75
L.97

r.99

'':
't:: 

'

a

a

b

b

a

a

a

a

a

a

a

a

a

a

by the same letter are noË

b

ab

a

a

a

a

a

a

signÍficanÈly

\o
LJ¡



Table 23. Yield component

I,Iinnipeg (vÍsual) bulks

means for random,

wiÈhin indívidual

....-,..11.:.¿ ja.l.i:.:.;i.;r,.",.i".:'r:1j:::ì::_i.-:r..:.'::.r...Ìiijiliri

96

Mexican (insensitive) and

populaËi.ons ar CIANO (Mexico).

Poprn. TreaËment
Kilograrns/
hectoliter

200-kernel
weight (g)

SpikeleËs/
spike

Kernels/ Kernels/
spíke spikeleË

A Random

Mexíco

Iüinnipeg

Random

Mexíco

I^Iinnipeg

Random

Mexíco

trIinnipeg

Random

Mexico

w].nnLpeg

67 .03 a

69.53 a

70.6O a

70.83 a

70.47 a

7L.33 a

71.83 b

66.75 a

68.68 ab

71.L0 a

72.0L a

7L.20 a

6.6L a

10.07 b

7.43 a

7.90 b

8.69 b

6.79 a

8.63 a

9.33 a

6.67 a

8.97 a

9.L9 a

8.82 a

28.00 b

22.00 a

25.20 b

28.60 b

22.40 a

28.20 b

22.40 a

26.LO a

26.20 a

23.80 a

20.80 a

22.80 a

53.23 a

49.48 a

48.55 a

44.35 a

60.20 a

53.63 a

59.75 a

55.02 a

52.75 a

1.91 a

1.99 a

L.94 a

1-.54 a

2.73 b

1.90 a

2.52 a

2.70 a

2.37 a

55.50 a 2.54

58.40 a 2.25

46.03 a L.78

b

ab

a

D

Duncan's nultípJ-e ra¡rge test at P=0.05; val-ues followed by the same let,ter arenot significantly dífferent.

i' "; : :jiì i



Table 24. Yield componènt means for random,

wíthin individual locatíons and over the

Location Treatment

GIenLea

Carman

Random

Mexico

Winnipeg

Random

Mexico

lllnnipeg

Random

'Mexico

lllnnipeg

Random

Mexico

I,Ilnnipeg

Til-lers

CIAT{O

3.57 at
4.03 a
3.?7 a

2.23 a

Z.IL a

2.L8 a

-

2.90 a

3.07 a

2.73 a

Mexícan (ÍnsensitÍve) and l^Iinnipeg (visual) bulks
two .ManiËoba locations combined.

Kil-ograms/
hectoLiter

Glenlea
* Carman

6O.69 a

59.27 a

62.67 a

59.79 b

56. Ll a

60.99 b

7O.L9 a

69.7L a

7O.45 a

60.24 b

57.69 a

6l_.83 b

200-kernel Spikelets/
weight (g) spike

t D,rrr""rr's multiple range test at p=0.05; values followed by
different.

7.09 a

7.07 a

6.98 a

7.08 b.

6.76 a

7.08 b

8.03 a
9.33 b

7.43 a

7.08 a
6.92 a

7.04 a

:l,ri
l '::.:

' '":
::.

16.89 a
L7.98 a
L7.45 a

16.00 a
L6.O4 a

15.75 a

25.70 b

22.83 a
25.49 b

L6.44 a

L6.51 a
16.60 a

Kernel-s/
spike

30.77 a
28.53 a

34..75 a

30.55 a

28.23 a

28.30 a

53.2I a

55.78 a

50.24 a

30.66 a

28.38 a

3L.52 a

Kernels/
spikelet

1.90 a
L.72 a

1.98 a

I.92 a

L.75 a
L,77 a

2.I5 a

2.43 a

2.04 a

1.91 a
I.73 a

1.88 a

the same letter are not significantly

(o
!



Tn populaËions A at Glenlea (table 2L), the visual bulk was significanrly
higher in kilograms per hectoliter than the light insensitive (Mexican)

bulk (P=0.05). similarly, aÈ carman (Table 22) rhe visual bulk was

superior to the lÍght insensitive bulk in populations B'and c, whereas

only the random bulk was superior to the light insensiËive bulk in
population D (P=0.05). combined. analysís at Grenlea showed no

significanr dÍfference between the test \,leight (kg/hl) öf ttre random

and light insensit,ive (Mexieo) selections (Table 24). However, Lhe

vÍsual bulk (i^Iinnipeg) had a hÍgher mean test weight than any other

selection group. At carman (Table 24) boËh the random and visual
selections r{ere superior to the light insensitive (Mexico)

selecËions (P=0.05). No significant differences were obtained at
crANO. No significanË inÈeractions occurred at any of the three

locations buï signifÍcant (P = 0.01) population differences r¡rere found

at Glenlea.

Conbined analysis over the Glenlea and Carman locations (Table

24) indicated that the lÍght insensiËive (Mexico) treatment had a

sÍgnificant,ly lower (p = 0.05) Ëest weight thañ eiËher the rand.om or

hlinnipeg selection groups. No significanÊ population differences or

interactions r¡rere obtaÍned; however, a significantly higher mean test
we:ight (P = 0.05) was found at Glen1ea.

Two Hundred-Kernel l^Ieight. Individual analysis at Glenlea indícated

no sígnificant difference for 2OO-kernel weight (Table 2L) betr¡een

treaÈments in any of the popularions (p = 0.05). Ar carman, rhe light
insensiLive bulk had a significanÈly lower 2OO-kernel weight Lhan

either the random or visual bulks (p = 0.05) in population B. conbined

population analysis (Table 24) indicated no significant differences



beËween Ëreatments at G1en1ea, buË, at carman the light Ínsensitive
bulks were significantly lower in 20O-kernel weight than Ëhe random

semple (P=0.05). combined analysís over l-ocations, however, indicaËed
no sÍgnificant treatment differences. No signifícanÊ ÍnËeracËions

or locatÍon dífferences occurred betr,¡een populatÍons in the combíned

Location anal-ysis (p = 0.Ol) .

comparison of treatments, on the basis of 20O-kernel weÍght
(Tabre 23) ar craNo, showed that the lÍght insensiríve bulks were

higher rankíng than the random and visual bulks. rn populatíon A,

the ínsensíËíve bulk was significantJ-y superi.or to random and visual
buLks (P=0.05). rn population B, Lhe visually selected bulk was

sÍgnificanËly lower in 2O0-kernel weight than eiËher Ëhe random or
lieht ínsensitive buLks (p = 0.05) . Conbined analysis (Tabl_e 24)

indÍcated thar the light ínsensitive bulks had a nean 20O-kernel

weÍ.ght superior to both the random and visual- selections (p = 0,05).
No sÍgnificant difference occurred between Ëhe random and vÍsua1

bu1ks. sÍni1ar1y, no signi.fÍcant populaËion differences or

interactions r,rere obtained at CIANO.

SpÍkelets Fçr Þpíke. Analysis of dara on spikelers per spike (.Tables

2L a¡rd 22) at Glenlea and car-man showed a signifÍcant difference
(e=0.05) between seLection buLks only in populatÍon A at carran.
rn this case' the lighË insensitive burk had a hígher number of
spÍkelets per spÍke than either the random or visual bulks. ConbÍned

analysÍs (Table 24) aË each locaËi.on and over boËh Locations indÍcated
neither significant treêtnent and population dífferences nor

interactíons (p=0.05). Ilowever, the bulks grorrn at Glenlea had a

99
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signÍficantly higher number of spikeleËs per spike Ëhan when grovrn at
Carman (P = 0.05).

rn populati.ons A and B at crAl{o, Ëhe random and visual- bulks had

a sígnifÍcanrly higher number (p=0.05) of spikeJ-ets per spike than

the 1íghr insensírive bulks (.falte ZS¡. In Ëhe remaíning two

populatÍons (c and D) the insensi.tive bulk had Ëhe lowest nr:mber of
spíkelets per spíke. CombÍned analysis (.Table 24) Índicared that the

Ínsensítíve bulks had a mean spiksls¡ nrrmber significantly lower than

either the random or visual buLks (p=0.05). The comparison of the
vÍsua1 bulks and the random bulks indicated no signíficanË difference
at the 5 percent leve1. significant populatÍon differences (p = 0.01)
and a significant popuLatÍon x treatmenË interaction (?=0.05) were

obtained at CIANo

KernelF Per Fpikg.' rndi-vidual popuJ-atÍon anal-yses (Tables zr, 22 anð.

23) of data on kernel's Per spÍlce of materfal Ëested at G1en1ea, calanan

and crAt{o Índícated that the only signifÍcant difference betr¡reen

bulks r¿as obtained at caman. rn this case, Èhe visual bulk in
population A r¡as signifícanËly lower (p = 0.05) than eÍther the light
Ínsensitive or random bulks. conbined analysis (Table 24) at each

locaÈi'on and over the two ManÍtoba locations indícated no signÍficant
treatment or populatÍon difference Ín kernel n'nber (p=0.05). At
carman, however, a sÍgnificant population x treatment interactÍon
was obtained (p = 0.05).

Kernels Per spíker-et. population analysis of daËa pertaÍning to
keinels per spÍkelet (Tables zr a,,,d. 22) sho¡,¡ed that in populatÍ.ons

B' c and D at Glenlea, and A and B aË carman, the ínsensÍtlve bulk
was the lowest ranking. rn populatíon c at Glenlea, the randon bulk

i :'1ì.r-jr ,ali- it
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had a signÍficantly higher number of kernels per spikeleË than either
Ëhe Ínsensitive or vi.sual bulks (?=0.05). rn population D, both the
random and visuaL bulks were signÍ-ficantly superior to the insensitíve
bulk at the 5 percent revel. At carman, the random bulk was

significantly superior (P=0.05) to Ëhe visual sel-ection bulk Ín
population c. conbined analysÍs (Table 24) at each locatÍon and over

the two ManiËoba locations Índícated no sígnífÍcant treatment,
population or location differences at the 5 percent 1eve1. Irowever,

a sfgníficant popul-ation x treatment Ínteraction was obtaíned aË

Carman (P = 0,05) .

At CIAN0' the light ínsensitÍve bulks had a higher mean nr¡mber

of kernels per spike in populatÍons A, B and D than in either
Ëhe random or vÍsual bulks (Tab1e 23). In populaËíon B, the ]_ight

ínsensÍtive bulk was sÍgnifÍcantly higher (p = 0.05) than borh the
random and vísuaL bulks. rn population c on the other hand; the

randou bulk was signi.ficantly superior onJ-y to the visual bulk
(P=0.05). coubÍned analysÍs showed sÍgnificant populaËion (p=0.05)
difference but no significant treatmenË or population x Ëreatment

ínteractions were obtained at CIANO (p=0.05).

Discussion

The present, study, based on four genetically diverse triticale
populations, showed that selecËÍon of J-ight insensÍtíve genotypes

in the Fo generatÍon from high yielding Fr-derived famiLíes resulted
r-n sr.gni-ticant yieJ-d reducËion in F, tests gïown at GLenlea and

catman, Manitoba. 0bservatÍon of al-l popul-aËions at both l_ocati_ons

Índicated that rhe lÍght insensirÍve bulks had the lowest yield, the
randou bul-ks were ínternediate and the visually selecËed bulks were ¡:r,:i::i:)l

.:i,
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the highest yieldÍng. on the average, over all- locatÍons Ín Manitoba,

selection of light insensÍtive familíes and lines resulted in a yield
reductÍon of approxi:nately 15 percent. The visually selected bu1_ks,

on the other hand, had a 14 percent yield advantage over the rand.om

bulks' Lebsock et al. (1973) found simil¿s.resuLts in durr.¡m wheat ,

at only one locaËion. consequently, they concluded that selecËion of
stable light insensitÍve lines r,sould not cause.signifÍcant yieLd

reduction at hÍgher latitudes and would resul-t in varieties wíËh wÍde

range adaptabÍlity.

observati-on of treatmerit means at crÆ{o indicated that the light
insensit,ive bulks had the lowest yield in three of the four
populaËions. The randon bulks, on the other hand,n were the highest
yielding in three of four populatíons. rn this case, no sÍgnificant
differences.were found between Ëreatments wÍthin populations or in the
conbined analysis.

rn addÍtiori to differences between yields, conbÍned analysis of
the Ëwo Manítoba locations ÍndÍcated thaË the light insensiËive bulks
had the lowest test rreíghr (kg/hl), 2OO-kernel weight, number of
ker,nels per spike and kernels per spikelet. slmilarly, the visual

!

bulks had the híghest mean value for test weight and spikelets per
spÍke and kerneJ.s per spike nurobers. conbined analysis, however,

showed that the Ínsensitive bulks were signífícantly ÍnferÍor to
ra¡rdom seLectÍon Ín tesË weight. No significant difference was for¡nd

in ti11er number beËrseen the Ínsensitive a¡rd random bur-ks.

AË crA¡{O, the lÍght ÍnsensÍtive genotypes had the lowesË mean

Ëest weight (kg/hl), Ëhe lowesË number of spikel-ets per spÍke, the
highest mean number of kerneLs per spikeLet and the highest 20o-kernel
weight' conbined analysis indicated that the J-ight ínsensitive bulks

i" 1
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had a signífÍcantry higher 20O-kernel weight Ëhan the random sanple,
but a signifÍcant1-y lower numher of spikelets per spike.

Literature on yi-el-d components shor,rs that a wi-de degree of
varíabiLiËy occurs in the expression and importance of yield. components

Ín relation to yÍeld. NegatÍve correr-ations and yÍe1d component

compensation are con'mon-place. Rasmusson and. canneLl (1g70) have

expJ-ained these factors on the basÍs of línkage. dd¡ms and Grafius
(1971), on the other hand, have explained Ëhe ÍnteïrelaÈionshÍp of
yield conPonenËs as being due to a balance beËween sequential componenËs

achieved by an oscÍllatÍng response to resources. ThÍs is exeuplified
in Ëhe present study by the fact that although the visual selectÍon of
lines rnras conducted partially on the basis of tilr.ering capacÍty in
the space planted nursery at ÌfÍnnipeg, differences in tÍ11erÍng were
not f,ound r¡ithin populations gro$rn Ín densely pranted yÍerd plots.

studíes conducted on lÍght insensicive genotypes have shown that
rnany of the yÍeld components are drastícally ínfluenced by temperature.
Syne (1968), Pugsley (1970), Halse and i,Iei.r (1970), Iteiner (1971) and

Levy and Peterson (L972) have noted that vernalÍzation of líghr
Ínsensitive spring r¿heats frequentJ-y caused a reduction Ín the degree

':
of expressíon of a yield component. Heiner (1971) has expJ-ained thÍs
result as beíng due to the preseuce of temperature fesponsive genes

(wioter habít) whích Ín conbínaËÍon lrith light ÍnsensitÍvÍËy, results
in abnormali-y rapid prant development. Alternatively, Ilurd-Karrer
(1933) and s¡rne (196s) have shown ¿þ¿¿ similar results may be obtained
Íf líght insensÍtive genotypes are s.bjected to hÍgh atmospheric

temperatures durÍng early development aod long day-length.

studies conducted on long-¿ay cereals r:nder short-day condÍtions

l'j : ' ''':. '- ]l\1;;j
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have indicated that many of the yield components may be amplified.
Zillinsky and Borlaug (1971) found ËhaË Late-marurÍng light sensi.rÍve
genotypes frequently have a lor¿er ntrmber of tillers relative to light
insensiËive material. Ran¡son (r971) indicated that 1Íght sensÍtive
t'ÍtÍcales show a drastíc Íncrease in spikelets per spike when grovm

for prolonged periods r-¡nder sho{t-day conditíons. under extreme

condiËions, a hígher proportion of the terninal spikelets are
ínfertile.

Lebsock et aL. (1973) noted that rhe lighr insensiË:ive Lines
q¡ere the lowest yieldÍng at only one locaËion. These researchers
then eoncLuded Ëhat abnormal-ly hÍgh tenperatures and long-day

conditÍons Tdere responsÍble. rt appears that this nay be Ëhe most

obvious reason for the Low yield of lÍght insensitive tritÍcales
'gror¡rn unde{ Manítoba conditions. Thus, the rapid developmenË conveïts
resources from Èhe productÍon of Ëhe yield 

"ornorr.rras to Ëhe

reproductíve phase, resuJ-ÈÍng Í.n reduced yields when compared to rand.om

and vÍsualJ-y seJ-ected 1Ínes.

under short-day condÍtÍons, ít appears that a prolonged period
for development in 1Íght sensÍtive lÍnes is responsÍble for the obsen¡ed

a

íncreases Ín spÍkelets per spÍke (Rawson, 197r) and tÍlr_ers per plant
(Z:.llínsky and Borlaug, 197l).

the present study indicated that seLection of lÍght insensÍtj.ve
genotyPes fron hÍgh-yÍelding Fr-derived fanÍlies resulted in a sfgnÍficant 

i_

yíeld reductíon ín four trÍËicaLe populations gror,rn at Ëwo locaËions in
ManÍtoba. The si.ze of the populaËion sampled had no apparent effect on

the response obtaÍned. consequentl-y, ít appears that síng1e plant
selection for ínsensiËivÍty Ín tr¡o of the four populations, had the

:i :..'i: '
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same effect on yield reduction as faní1y and trithin f¡raily seleeËion
in the remaÍning Ës¡o populations. rntensive selectÍon for l_ight
insensÍti.vity in early generatÍoûs may be reducing the total number of
high yÍelding progenies involved in F, early generation yield triar_s
at the universÍty of ln"nÍtoba. The facr thar some high yÍelding
F3 f¡miliss contaÍned 1íght insensiÈíve genotypes nay lead to a
suggestÍon that high yÍelding light insensÍtive genoËypes may be
obtained. subsequent analyses should be conducted on the possibl_e

effect of single plant selection for 1Íght insensítÍvity on the
yielding abílities of fanilies derÍved from plants ser-ected as early
as Ëhe F, generaËion. It nay be more realistic to select for
adaptation and yÍe1d r¡nd,er ManiËoba condi.tÍons prÍor to selection of
1Ínes for light insensÍtivíty r:nd.er short day condiËÍons Íf a high
proportion of lines with high. yieJ_ding abiliry are to be retaÍned

'':-:ìllir:,:l
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GENERA]. DISCUSSION

SÊudies evaluating F, selectÍon as a means of predÍcting

' potential yieS-díng abilÍty have concluded that heterosis is a major

liui'tíng factor. Briggs and Knowles Qg67) sr¡marj.zed probJ-ens.Ín F,
yieJ'd evaluaËion as follows: 1) seed, quantÍties are frequentLy too

, "ma1l for adequate resting; z) the yield of wideJ-y-spaced F, pJ_anrs

is not correlated wÍth the yields of uore closely spaced plants; and

' 3) F' heterosís is a major concern in predicting the yield. potentÍal ofI
.

hybríds in subsequent generaËions.

I the present study was based on the preníse thaË triticale F,

i 
nybrÍds r'rhich show poor ferÊílíty and yÍeJ.d have a low potential for

i years' the highest yieldíng Fl's produced the þighest yieldÍng indÍvidual
families in the F, lield trÍ41. Ilowever, the number of línes Ín each

population whi-ch rrere among the top twenty-five or top ten rines in the
yierd trÍal shor¡ed no relationshÍp wÍth F, yíeJ-d. ReversaL of yield
ranking bet¡¡een the Fl and F, generations Tras taken as an indication
that Fl selecti-on was not a relfable basis for rhe discarding of hybrids.

Nr¡nerous studÍes have compared, vÍsua1 selecti.on and yÍeld sel-ection
on the basis of yíe1d plots. using this method in soybears (Hanson et

i ¡ 
j''ii:¡.'::r:'::L''

a1'' 1962; Kwon and Torrie, 1964) and Ín r¿heat (Briggs and shebeskÍ., 1970; i¡:i'tr':] ',

Mundel, L9723 lownley-Smíth et a1., 1973) , ÍË was for:nd that vÍsual
selection vras effeetive ín increasíng yiel-d but was not as effici.ent as | , :

selection on the basÍs of plot yield. Townley-snith et a1-. (1973) i ,"'

i'¡Ìiir:''.i
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further concluded that no difference occurred beËrrreen the selecting
abi-lÍties of experienced and ine:rperienced selectors.

In the presenË study, experÍ.enced (plant breeders), novice
(graduate sËudents) and. inexperienced (s,nmer students) seLecËors

were Ín general able to retaÍn a hÍgher ratio of superÍ-or to lors
., yíeldÍng línes than díctated by the populatj.on srructure Ín both 1973

and 1974. However, Ín the Ëwo smer.l popularÍons (1973) only the

I 
txperienced and novÍce selector categories contaÍned individuals who

' retaÍned a hígher ratio of superior yieLdíng Ëo low yieldíng faoÍJ-íes
relatÍve to a random sampl-e. The presenË study did not deËernine íf

i

vÍsual selectors were abLe Ëo sel-ect a higher proportion of lines
' sÍgnificantly superíor to the check than Íf sampling had been conducted

at random' I'lhen selectÍng the top tT,renty lÍnes in each populatíon, all

, of the top ten Lines in each population thaa expected at rand.om.
I However' the experÍenced category r.ras the only group i-n w,hich all

indÍviduals selected more of the tea highest yielding lÍnes than
'

wouLd be represented by a random sample.

j rn both years, visual ser-ectÍon resulted in a hÍgher yíeJ.d

íÎcrease (response) and r,ras more ef ficient than a ra¡rdom sarnple. ïhe
selector wÍth Ëhe highest meân response and selectÍon efficiency Ín
each year r¡tas an experienced selector. visual selecti.on cond,ucted by
visual selectors' aË an ÍntensÍty of, 2o perceut, resulted in a mean

I

response aod efficiency whích lras superÍor to that gaíned by random

sampling.

rn 1974' the mean yield of the best yíelding twenty lÍnes visually
sel-ected by each selector lras compared to the mean of the best twenty

" ''I:r' ¡":'
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lines Ín each populaËion. Under these si¡srrms!¿nces, experienced
seLectors selected lines equal in yield Ëo the best twenty IÍnes Ín
each population.

A more adequate test of vÍsuaL versus yÍeld selectÍon vras the
comparison of headrow (pedigree) and F, early generaËÍon yÍ.e1d selection..J

Prevíous studies in soybeans (Leudders eÊ a1., 1973; Boerma an¿ cooper,
L975) and in wheat (SeÍtzer, Lg74) have found little difference Ín
yield resulting from use of the two meËhods.

' Results of the Present study conformed wíth Ëhose of previous
:

, 
tudies' No sígnificanË differences occurred between Ëhe mean yÍe1d ofI lines selected by the pedÍgree and F, early generaËion selection method.

HoI^7ever' lÍnes used Ëo produce the bulks differed for the two methods.
ì

Part of this dÍscrepancy can be explaÍned by the facÊ that five of the

I highest yièldÍng Lines Ín populaËion 4 were d¡maged by \üater ín rhe
' headrow nursery. Even so, seLectíon of superi.or plants withÍn headrow
: tÍnes, rejected on the basis of plot yÍe1d in the F, early generatíon

yieLd trial' rèsulted Ín an increase in yield not sÍgnificantly different
from selecti,on on the basÍs of Fa pJ_ot yÍe1d.

., studies conducted on vrheat have fndícated that the crosses

, involved ín a breeding progran may reflect on Ëhe type of selectÍon
merhod used. Kfralifa and Qualset (Lg7;4) have nored that the
productivity of high yÍeldÍng wheat seoi-d¡sarfs is frequentry reduced
when grown ín conbination wÍth tar-l, low yielding genotypes. They

.

i cooclud'ed that the use of buLks for several generations should not be

considered Íf selectÍon of hÍgh yÍeldÍng semi-dwarfs Ís a najor goal of
the breedÍng program. sar.mon et e!. (1975) concluded that ar least
one semi-dwarf tritícale (semÍ-dwarf mutant of 6TA204) sho¡¡ed a close
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relatÍonship between short stature and low seed-set. Gebremariam (rg74)
noted, that height and yÍe1d are related Ín trÍËícale. under these
conditions, selectj-on of families on Ëhe basis of bulk F, fa:nÍlr yÍe1d
mry result ín the loss of valuable semi_dwarfs.

An additÍonal problem Ín tritícale w_hÍch should be considered
before decÍdÍng on the tÍme and type of selecËion is the importance of
meÍotic instabí1_ity. Mérker (Lgl4) srated thaÊ meioric instabil_i.ty,
although not directl-y related to infertility, results i.n a ligh frequency
of aneuploidy which Ín turn contributes to poor plant vígor wiËh an
accompanying reduction ín yieJ-d. Gustafson and Zillinsky (1973),
Gustafson and Quarset (Lg74, rgr5), Darvey and Gustafson (.1975), Merker
(L975), Gusrafson a¡rd Bennett (Lg76), Gustafson and ZilJ_ínsky (1976)
and Qualset et a1' (1976) have reported th& occurrence of substÍtution
of wheat for rye chromosomes in hexaploÍd tritÍcale. rn add.ition, Darvey
and Gustafson (197.5), Gustafson and Bennett (1976) and Gr¡stafson and
ZÍllínsky (1976) have found evÍdence of the dÍversíty of heterochromati.n
content Ín rye chromosomes- Factors such as these could further increase
meíotic instability. Gustafson and Qualset (rg7s) coacluded that
crosses betÍteen trÍticales differing in wheat-rye substi.tuted chrouosoûes
nay be s'qïlar to ínterspecifíc crosses and that hybríds and segregati.ng
populations should not be dÍscarded on the basis of poor fertility per se.
rn subsequent generations, some of these crosses could produce hÍghJ_y
ferti.le segregates due to selectiou for fertílity in the F, to ro
generations.

obsen¡ation of the pedigrees presented Ín Tabre 1 suggests that
the parenËs Ínvolved Ía the present crosses may have dÍffered Ín te¡ms
of substituted rye chromosoûes. Gustafson a¡rd, zÍllinsky (r973) for¡nd

il::. i :
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that the crMMyr cultivar ?ArnadÍlrot lacks rye chromosome 2R. More
r1entl-r' Merker (1975) found that the Arnadillo derivatÍves, Beaver,
Maya rr-ArÐ rtstt and Bronco-90 also contained rye ehromosoue substiËuti.ons.
These considerations nay explain the unrelÍability of F, selection and
the fact that high yieldÍ-ng lines r¿ere selected withi.n he¿rdrows which
corresponded to plots rejected in the F, earLy generatÍon yíeld tria1.

sethi and singh (1972) workÍ.ng with trÍticale, observed a srrong
positive correlatÍon between Ëillering capacÍty and yie1d. Gebremariam
(L974) on the other hand, reported. a negatíve correl-ation between
til1erÍng and the yield of triticale lines. The number of kerners per
spike has been ÍndÍcated as an Ímportant yieLd-related factor by
Gustafson (Lg7z), Barnerr er ar-. (1973), Gebremaria¡r (1974) and chen
(L974) ' rn addÍtion' Gustafson, Gebremariam and chen have indicated a

PositÍve relationshÍp between yield ånd ntmher. of kernels per spikelet.
rn the present study, comparÍng pedigree and early generation

selection, pedigree selecËion resulted Ín a sÍgnifÍcant Íncrease Ín
Ëhe n.nber of spÍkelets per spÍke. selection of the lorrest yÍeldíng ten
lines in the Ft early generat,ion yíeld trial was manÍfested by a
sígnÍficant reductÍon in tÍ1rer nr¡nber per plant. The fact that a

.:
relatÍvely sna1l anount of material was sampled may have reduced the
validí.ty of yield conponent analyses. 

.

Qualser er ar-' (1969), evaluaring rhe yieldÍng abÍliry of
tríticale in northern cal-ifornÍa, concluded that most of the early
tritÍcale" p"od,r..d at the university of Manitoba were tall and late-
maturing due ro thei'r light sensitiwiry. Lebsock et. al. (1g73) noted
sÍnilar problens in nrheat deveJ-oped in northern latitudes. An i'portant
componenË of recent breeding progïãms in tri_tÍcale and wheat has been

1...,'
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the Íncorporation of lighË ÍnsensitÍvity from the cïMMyT wheat breeding
Prográm' Lebsock et a1' (1973) studÍed the effect of lighr sensitivíry
on the yielding abiliÈy of d.ulm wheat. They concluded that selection
of stable light insensitive lines would not have a deleterÍous effect
on durum v¡heat yíeIds

Results of the present sËudy contrast with those obtained by

Lebsock et aL. (rg73). rn the combíned analysÍs of the two Manitoba
locaËions, light insensitive bulks had a signífícantly lower mean

yÍe1d Ëhan a random sample. SÍnilarly, they were lorser yÍelding
Ëhan the random bulk in three populations at crANo, MexÍco. Although
populations 

'¡'ere rePresented by an unequal number of F, fami 1j.es in Ëhe

early generatÍon yield trial and subsequent selectíon bulks contaíned
differing numbers of fanir-Íes and. lines wÍthin famir-Íes betu¡een

populatÍons, no signÍficant population x treatment interactio, \Aras

obËaíned.

studÍes conducted on lÍght insensiLive r¿heats have shown a response
to temperature Ín tems of yÍe1d-related co'ponents. syme (1g6g) ,
Pugsley (1970), Halse and trüeir (1970) and Levy and pererson (1972) have
concl-uded that vernal-ization results Ín a reduction ín nr¡mbers of tillers
per plant and spíkelets per spike. Ileíner (1971) has noted thar
vernalization also results in a shorter stravr and earlier maturÍty due

to abnorually rapíd planË development. Alternatively, Ilurd-Karrer (.1933),
syne (1968) and Lebsock er al. (1973) have proposed that a símÍlar effecr
¡¡í11 occur when light ínsensÍtive Lines are subjected to Írarm temperature
and long-day condÍtÍons during early plant development.

sÍmilar studfes have been conducted on light sensit,Íve wheat and
Eríticale li.nes under short-day conditions. Rar¿son (1971) found that

:-{,
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photosensítÍve 1ínes of both species produced an increased number of
spikelets per spike when groqTn under short photoperÍ.ods. However,

tri'Ëícale ü'as more responsÍve Ëhan r¿heat, result,Íng i_n a hígh
frequency of sterile Ëer:mi.nal florets . zi]ILí,,sky and Bor]-aug (1971)

ohserved Ëhat under shorË-day condítions ín Mexico, líght sensitive
lines were rate-maturing buË produced a higher nrrmbsp of tillers per
plant than lÍghË ínsensitíve genotypes

unfortunately, onJ-y a sma1l sample was used to evaluate yíe1d
conponents in the present study. conbined analysis of the two

Idanitoba l-ocations indicated a significant reduction Ín 20O-kernel
weÍght Ín the J.ight insensitive bulks as compared to the random and

visuaL'bu1ks. At crANo, the insensitive bulks had a signÍfÍcantry
higher 2O0-kerneJ- weÍ.ght, but produced a signifícantly lower nr:mber

of spÍkelets per spike than the ra¡rdom and vÍsua11y selected bu1ks.
rn thÍs study, LÍght insensiti-ve lines were serected in rha *lected in the FO

generation from familÍes which were high yíelding Ín the F" early
generarÍon yield rrial, possÍbly l-iuiríng rhe auounr or vaiiabiliry
for yield' and related, components. rt is suggested, therefore, that
a simflar study should be conducted on a larger number of crosses but
selection shour-d be conducted in the F, generation. under these
conditions it nay be possible to deter:nine íf selectÍon of light
ÍnsensitÍve 1Ínes at crÆ{O, Mexico changes the yield potenËial of
crosses grohm Ín the F, early generaËÍon yieJ_d trials in Manitoba.

ii: j.: .i". t::
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Recent studies have concluded Èhat problems occur in the handling
of triti.cale populations due to meiotic Ínstabíl_iËy caused by the
interacËÍon of alien genomes arrð,for the intercrossing of parents
dÍfferÍng.for wheat-rye chromosomal substitutions. observation of the
pedigrees of the crosses involved ín the present study indÍcates thaÊ the

Parents may have díffered for substitutÍons. since thís conditíon may

be consj-dered a co¡nmon occurrence wiËhin ËritÍcale populations, Ëhe

following conclusÍons as drar^m from Èhe results of the present study
nay be applicable to aL1 breedÍng progrâms. Ilowever, the fact that
only a small nuober of crosses rüere evaluated and that anal-yses were.

based on a fixed-effects model restrÍcts conclusions to the material
analysed. As a consequence, it is suggested that subsequent studies
be conducted to substantÍate the presenË conclusíons.

The foll-owíng Ínformatíon was obtained in the indÍvídual
manuscrÍpts presented in thÍs thesis:

':
ManuscripË r' F1 Evaluation of YíeLd Potential Ín llexaploÍd T.riticale.

(1) No relationshíp exists between F, single plant yÍeld
and the number of superior segregates or mean yield
of populat,ions Ín.the F, early generation yÍeld trial.

Manuscript rr. vÍsuaL selection as a Basis for yíeLd predÍetion in
Triti.cal_e.

(1) rn the present study, superior r-Ínes e the nearest

check plot) comprised a Larger proportion of the vÍsuarly

:::.:,rl:i:., ;l:.: .1: 
:



'

116

selected línes in all selector categories than

expected by random selectíon.

(-2) ürhen selecting at an intensity of 20 percent, all
serecrors 

".r;;u-; ;;;,oporËion or rhe rop
ten lÍnes withÍn each population than would have

been expe.cËed if selection r,ras at random.

(.3) All selector categorÍes achÍeved a hÍgher response

and selection efficiency than r¿as obtaÍned from a

random sauple, whether selecting línes > the nearesË

check plot or selecËing rhe highest yÍelding Ëwenry

lines in each populatÍon.

(4) selectors wíth the highest efficiency in visual
selectÍon $rere experienced seLectors, whereas

selectors wÍth the lowest 
.response or selection

efficiency raere i.nexperíenced.

(5) Experienced selectors consÍstently selected tr^renty

lÍnes ín each population with a nean yield which rn¡as

not sígnifÍcantly different Ín yÍeld than the rop
trùenty lines identifÍed on the basls of actual plot
yíe1d.

Manuscrf,pr rrr. A comparÍson of Early Generation (Fr) and pedÍgree
SelectÍon Methods Ín TrÍtÍcale.

(1) co¡nbined analysÍs indÍcated no signifÍcant yield
dÍfferences betÌüeen bulks produced by either pedigree

or early generatÍon selection. Ilowever, pedígree

selecti.on retained a hÍgh proportion of f¡rnÍ1ies
rejected by the early generatÍon yield trial.



Conbined location analysis shornred that pedÍgree

sel-ection resulted in a signifj.cant increase in the

number of spikelets per spÍke.

As shown by conbÍned location analysis, selection of
the lowest yíelding lines in the early generaÊÍon

yield trÍal resulted in a signÍfícanÊ reduction Ín
tilLer nr:mber

ManuscrÍot rv' The Effect of selection under DÍverse Envíronmental

conditions on the yield and yield Related components

in Tritícale.

(.2)

(.3)

(1) Conbined analysis indicated thar

1-ight insensítÍve selections had

lol¡er mean yield than either Ëhe

selection bulks.

LL7-:

bulks produced from

a significantly

random or visual

i':,- :: Ì1 : : .'-:.

i"..' :: a: .: -

(2) Light insensÍtive bulks had a sÍgnÍficanrly lower

uean test weight (kg/nf) than either the rand,ou sample

or visually selected bulks Ín the conbÍned locatÍon

analysís.

(3) No sigrrifícant yÍeLd differences occurred between

eÍther Ëhe insensítive, the random or vÍsua11y selected

bulks aË CIÆ{O, Mexíco.

(4) At crANo, the right insensirive bulks had a significantJ-y
hígher 20O-kernel weight, but a sÍgnifícantly lower

number of spÍkelets per spÍke than either the rand,om

sample or visual selected bulks.
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AppendÍx 1-1. Degree of sker,mess using Ëhree methods of plot yield
expression in the F, early generation yield trials.

L29

Year Pop !n. mE Z Check Plot check
Log plot -
log check

':

L973

r974

381

207

50

34

98

99

100

98

A

B

c

D

1

2

3

4

0.5493**

o.4206**

o.2v62

0.1538

0.8036**

1. 3914**

0.4155

0.4230

0.0483

-0 .0031

-0. 1905

0.0572

0.3499

0.6904**

0 . 1171

0.30s9

-0.2285

0.0555

-0 .3545

-0. 13s8

€ th" nr:mber of families in each F3 population.
**Significant degree of skewness at p=0.01.
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AppendÍx 1-2. Treatment and. error mean squares for the eomparison of
the mean yÍelding abÍlities of F, populations in the F, early
generation yÍeld trials of 1973 and, L974 :,'i,,".,'

r973 L974

Source d.f. Mean squares d.f. Mean squares

Treatmenr 3 ß7957.9g** 3 z.7g**
(populatÍons)

: Et=or 668 52650.50 391 0.12

i ** SÍgnificant at p = 0.01.

. -:.
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Appendlx 2-1. Total number

and the total number of
check (1973)

Sel-ector

I
2

3

4

5

6

7

8

9

10

N6=

n9=

of lines fn each

lines selected by

Total
1ínes

selected

Poprn. A

s9

32

46

101

L02

95

51

49

48

63

Total lines

chãck

populaËion, total nt¡mber

each selector which were

35

23

24

43

36

36

29

30

32

34

Total Total llnes
lines

selected cfrãt

Poprn. B

E

5

The number

The number

55

23

L4

40

5B

49

31

37

10

30

-ji 
i:i)::il.

;'ír:ì
jl:i1iil,

ir'i i;¡,

of lines > rhe check (yield)
superior to the nearest

of llnes
of lines

38r-

75

36

1B

L2

30

33

32

22

20

6

22

Total Total lines
1Ínes

selected chãck

Pop tn. 
C

in
in

each population.
each populatÍon equal_líng or exceeding the yÍeld of

10

5

4

15

18

11

3

3

5

7

207

84

4

4

2

5

9

5

2

2

3

4

Total Total lines
lines

selected ctrãct

Pop tn. 
D

3

5

5

T2

B

6

7

5

2

9

2

5

5

9

6

4

6

4

2

B

50

13

the nearest check plot.

34

L7

:.,t.

. ì:.
:.:, :

ts
fJ)
ts



Appendix 2-2. Total nr¡mber

and the total number of
, check plot (1974).

Selector

I
2

3

4

5

7

I
11

L2

13

L4

NE=

o5=

of l-lnes i_n each popul_ation, total number
f.ines selected by each selector which were

Total Total lines
I-lnes

seLected chãck

Pop I n. 1-

4

9

22

10

11_

L0

20

L6

4s

56

20

2

4

8

3

5

4

5

3

7

7

5

TotaL
lines

selected

Poprn.2

E

g

Total l_Ínes Total

check selected

3

L2

33

13

l-9

I
L6

13

50

4s

37

Total
Total

of Lines > rhe check (yield)
superior to the nearest

r 'ir' :

,: .!,¡i:

rl,' Jalì
':.r:::i-!if

1lnes

llnes

1

7

L4

5

9

I
I
4

L4

T2

13

in each

in each

98

I

Pop rn. 3

populatíon.
populatÍon equalling or

Total lines Total

check selected

10

10

24

18

16

L2

30

25

48

59

32

100

11

7

7

10

7

7

5

11

I
11

11

10
99

15

Pop rn. 4

4

L7

37

23

22

20

T7

22

49

55

50

Total- lines

chãck

exceeding the yield of

3

13

22

10

11

T2

10

L7

20

2I
25

the nearest check plot.

98

2B

F
U)
N]



Appendix 2-3.
(iop) for

Selector Mean (g) i | ío E Mer¡sar¡ \.ts/, r r-c 
" 

mean i io rulean i io Nlean 1 io

--_P-

Tlre mean yield (1og.), ÍntensÍ ty o.I selecLion
selectors selecting lÍnes estinìaùd visually

r 0'166 2'75 0'768 0.186 2.2g L.057 0.o'r r.69 0.537 0.r47 2.r5 0.500
2 0'003 r'79 0'639 0.160 t -67 0.77t 0.039 r.66 0.527 0.r45 r.44 o.326
3 -0'052 1'33 o'475 -0.151 1-09 0.503 -0.049 I.30 0.4r3 o.o4g 0.98 0.228
4 -0'rr7 L'75 o'625 -0.123 r-62 0.748 -0.059 r.4B o.469 -0.0s0 r.32 0.307
5 0'032 r'69 0'604 -0.083 1.42 0.655 0.013 L.sz o.482 0.063 r.37 0.319
7 -0'030 L'75 o'6zs 0.245 1.80 0.831 -0.039 r.,L 0.s43 0.07r r.40 0.326
B -0'089 1'39 0'4g7 -0.034 L.52 0.701 0.262 r.16 0.368 0.04s 1.48 0.344

11 -0'112 1'51 '0.540 -0.028 L.42 0.655 0.205 L.27 0.403 0.056 r.24 0.2g9
L2 -0'259 0'86 0'307 -0.376 o.7g 0.365 0.067 0.86 0.273 -0.028 0.80 0. i6B
13 -o'327 o'69 o'247 -0-335 0.87 0.40r o.076 0.66 0.2r0 -0.066 0.72 o.162
14 -o'72g l'39 o'4g7 -0.191 t..t 0.466 0.276 r.' 0.352 -0.007 0.80 0. 186

Mean (g

Pop I n. I Poprn. 2 pop,n. 3

(i) and expected response
to be > the nearest checlç

15 -o.542 1.40 0.s00 _0.422 L.32 0.599

f

Eo

Approximate i as extraporatcd from Fig. 11.3; D.F. Falconer,GenetÍcs p. 193.
eqrrals the phenotypic standard devíation for yÍelcl in eachP

3' J Pop'n. 4

to .selecti oLr

p1.ot (I974).

-0 .47 4 1.30

1960. Introduction

population.

0.413 -0.151 1.20 0.27()

to Quantitarive
H
UJ
LJ



Appendix 2-4. The nean yield (tog.¡,
selection (io ¡ for selectors
ctrecl< pl.or f rtdz:l .

not'.tt.',,ro Poprn. t p.p,n. c ¡)op,n. r)serector Mean(g) ' i i;; *;;--;l-Ë, ;;-;-;^ 
"""" 

,_--;å -_--.--_t)-1 20'09 r'57 342'78 92'06 t'26 27g -03 -26.63 r.40 40r.r0 12.00 r.74 5.r8.62

3 0.42 I.77

4 _58.07 L.25

s _82.79 1.19

6 _6s.33 1.30

7 13.53 L .67

B 18. t0 7.67

9 83.08 t.lt
l0 20.71 1.55

lìandom -Zt6 .37 I . 50

2 91.s9 7,79

Í.nteusity
selecting

390'81 764'3s 1.70 376.47 148.60 1.80 252.00 26r.20 r.57 467.4s
373-34 .*5.7g r.g7 436.26 74.33 r.90 544.35 243.40 r.64 4BB.'2
2V2.91 . 83.16 1.30 2B7.Bg _10.07 1.LB 338.07 r40.42 r.tB 3si.71
259'81 53'36 1.20 265.74 -77.28 1.06 303.69 102.38 i.3s 402.38
283.83 32-Og 1.30 287 .8g -178.60 1.35 , 386.78 28.50 1.48 441.r2
364'6r 84'r7 r'57 347.68 50.33 2.oo 573.00 r34.2g L.48 44r.r2
364.6r, 70-39 1.45 321.10 23.00 2.00 573.00 176.20 r.57 467.g5
373.34 59.30 2.00 442.g0 111.00 1.80 5rs.70 2s4.50 2.00 596.12
338.41 131.63 1.sB 34g.Bg 21.00 1.57 44g.Bo 222.00 r.30 387.4S

of selection (i) ancl expected
lines esEimal:ed visually to be

Approxímare i
Genetics

oO eQuals the

;,:'.:!:ir
.t. l. :.!tr..:)

'.ì

as extrapolated
p. 193.

ïesponse (g) ro
> the neâresL

pltenocypic standard deviatÍon for yÍ.eld in each

327 .50 -27 .92 1.20 265.74

¡
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from Fig. 11.3; D.F. Falconi,r,

-276.63 I .5s

1960. Introducríon ro Quantirarive
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Appendlx

ot
2-5' Treatment and error mean'squares for the comparison of selectors on the basis
respoRse to sel-ectÍon and selection efficfency when seI-eeting l-lnes esÈimated to be

the check yleld or in the top 207" (yíe1d) of each popurarion.

Source

Treatment

(selecrors)

Error

Mean squares (> Check)

d.f. Response

t973

l0

** Significant at p = 0.01.

32050. lB** 0. 16**

33

EfflcÍency

3326.28

Mean squares (> Check)

d.f. Response Efficfency

0.02

L974

11 0.10** o.22**

36

:;lir; j. i
:t,;lrt;: ì

:::.:i)'

0.02 0.02

Mean squares(Top 20%)

d.f. Efficiency

11

36

0.20**

0.02

H
(f,)

ut



Appendix 2-ó. Treatment and, error mean squares for th.e comparison

of the mean y:r^e1d of the Ëop 2Q lines selected visually with
the means of the top 20 línes (yield) in each popularion.

Mean squares

Source d.f . Pop t n. Poptn. "2 Pop I n.

Treatments

(Selectors)

Error

0. 205**

'0.803

0.275**

0.167

0. Lg2**

0.049

0 .0 76**

0.030

13

228

*x SignífÍcanr at p = O.Ol..
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APPENDTX 3. Average vaLues of mean squares for factorial: the three
factor fíxed-effects model (1).

Source d.f. Average value of mean square

B1-ocks

A

r-1
a-1

b-1

c-1
AB (a-1) (b-1)

o2 + abezpz/ G-L)
o2 + rbctcz/ (a-t)
o2 + racxgz/(b-L)
o2 + rabxy2/ (c-t)
o2 + rcx (s.g)z/.(a-1) (b-r)
o2 + rbl(ay)2 (a-t ) (c-1)
o2 + rax (gy) 2 / $-t) (c-1)
o2 + tE (oßy)2/ ("-t)(b-t ) (c-1)
o2

B

c

AC

BC

ABC

(a-L) (c-1)
(b-1) (c-L)
(a-1) (b-1) (c-L)

Error (r-1) (abc-t-)

Reference:. 'steer-e, R.G.D. and Torrie, J.II. L960. princípr-es and
Proççdures of statístÍcs. McGraw-Ilill Book company rnc.
Tabl_e LJ-.8, pp. ZJ.}.



AppenCix 4-1. Treatment and error mean
of early generation and pedigree

I.ocatÍon

Glenlea

Source

Carman

Treatment

Error

squares for the
selection bullcs

d.f.

CIANO

Treatment

Error

3

27

comparison of the
at Glenleat, Carman

:t Signíf icanË at .p = 0.05 .

:'r:t $ig¡ificanÈ at p = 0.01.

Pop t rr. //l

TreatmenË

Error

3

27

20880 .09-*

3914.02

yielding al¡Íliries
¿lnd CIz\NO (Mexico).

Pop t r,. ilz

3

9

9653.69*?'.

784.15

I'Iean

34784.J|.Ìcz,c

5297.02

squares

23580. Q[,:r:r

1984.95

Pop t rr. /13

3024I.S9/s:'c

227s.42

2624.89

1916.69

3500I.08:k,r

2s94.58

Pop I n.

17535.[Ç:k:r

1740.78

llo

1297.29

6753.05

42327. /J;k:',

ls58.23

196 I .09

3943.4r

2I0g5.l.jt:ì<

3s38.67

:",:::

.1:,..

ts(,
Co



Appendix 4-2. Mean squares for the
on yÍeld and reLated components

the two Manitoba l-ocatÍons.

Location Source

Glenlea PopulátÍon
Treatment
AxB
Error
Population
Treatment
AxB
Error
Populatlon
Treatment
AxB
Error

Population
Treatment
Locat.íon
AxB
AxC
BxC
AxBxC
Error

Carman

Yíel-d mean square

d.f; Yield (g) d.f. Tilters

comparlson of the effect of early generatÍon and pedigree selection
at Glenlea, carman, crANo (Mexico), and in the combíned analysÍs of

CIANO

3 85402.69**
3 33766.28**
9 8606.92

L35 4402.o4

3 LO2473.69**
3 42s08.83
I 5627.67

135 2345.9r

3 811_51.35**
3 L19363.52**
I 3573.20

45 44s3.89

3 18536s.l-s
3 7]-770.39
L r3s795.20
I L0s99.37
3 25rL.23
3 4504.7L
9 363s.22

297 5497.86

Glenlea
*Carman

3 3.73
3 L.44
.9 2.09
60 1.87

3 0.6L
3 2.20
9 0.49

60 0.37

*
¿¿

Yield component mean squares
filogr"
hectolíÈer weight (e) spike

SfgnifícanË at P

Signiflcant at P

213.31r<¡t
1-3.57
L4.L9

9. B6

72.L5**
28.42
L7.L7
10. 39

:
281. gg**

47 .67
6.01

1-8 .59
60. L6
69.40
42.39
32.52

l ,.,r,;tiii
,: rií1,Ìii

...:.r:,,}iì:,i:

:
2.49
3. 33**

1-41. 3g*x
L.29
1.87
0.31_
L.29
L.L4

3
3
1
9
3
3
9

L24

= 0.05.

= 0.01.

2.29
1. 18
o.94
0.69

4.29**
0. 33
0.25
o,25

-
6.29**
1.39*
7 .18**
o.92
0. 31
0.18
0.27
0.51

iÌ.ii!:
: ili;i):;i;
::L::.! i:,

60. 69**
20.94**
1.4.44*
4.L2

30.49*tt
3.24
4.4s
5.01

z+lgso*
19.89*

143. 45*r.
1,2.67
16. B5't
4.L4
6.2L
5.25

Kernels/
spike

37.11_
LOL.26

69.99
8r.26

277 .92*,\
1. 56

82.6L
52.56

:
98.23
s9.59

L524.6r**
78.63

216. BO¡t
43.23
73.97
76.07

Kernels/
spíkeLet

o.29
0.23
0. L4
0. t-5

1. 35**
0.01
0.1-5
0. 09

-
1.42**
0.10
S. $J:t*
0.11_
o.24
0.13
0.18
0.13

ts
u)
\o



AppendÍx 4-3' Popul-atÍon means for yields and yiel-d reLated components ín the comparison of burks
sel-ected by pedigree and contíguous systems of yield selection (1975).

Locatlon Poprn.

Glenlea

'' TlLlers/
YieLd plant

L

2

3

4

Carman

197.33 abt
2L6.88 b
181.83 a
286.53 c

L42.43 a

1_71.18 b

150.98 ab

253.1"8 c

502.31 b

62s.81_ d

47L.25 a

582.75 c

1-69. B8 a

L94.02 a
L66.4O a

269.85 b

I
2

3

4

CIANO

4.49 a

3.82 a

4,06 a
4.78 a

2.L9 a

2.34 a

2.52 a
2.57 a

KÍlograns/
hectol-fter

I
2

3

4

I
2

3

4

GLenlea
* Carman

57.63 b

54.84 a

6L.45. c

6L.62 c

59.04 a

58.35 a
60.28 a

62.67 b

5 7.11 a

56.6I a

60.4s b

62.L3 b

20O-kernel Splkelets/
weight (g) spfke

6.57 a
6.82 ab

7.L5 b

6.37 a

6.81 ab

7.46 bc

7.63 c

6.7O a

-

6.69 a

7.L4 b

7,39 b

6.53 a

t 
?glgurr's multiple rangedlfferent.

22.20 b

2L.75 b

2L.53 b

l-8. 38 a

18.84 a

L9.L4 a

20.66 b

L7.66 a

:

20.52 b

20.45 b
2L.09 b

L8.O2 a

3.34 a

3.08 a

3,29 a
3.68 a

Kernel-s/
spÍke

36.07 a
37.75 a
35.03 a

34.73 a

25.54 a

28.57 ab

30.30 bc

34.47 c

30.81 a

33.16 a

32.66 a
34.60 a

test aË P =0.05.; values followed by

Kernels/
spikelet

1.63 a
I.72 a

L.62 a
1.BB a

L.37 a
L.46 a

L.47 a

1.95 a

1.50 a
1.58 a

L.54 a

1_.91 b

the same letter are noÈ signifÍcanEly

'._a:-r

F
s.o



Appendlx 5-1, Treatment and error mean squares for
of the random, Mexican (insensitive) and t.rlÍnnipeg
Carman and CIANO (Mextco).

Location $ource

GLenlea Treatment

Error

Carman Treatment

Error

d.f.

CIANO Treatment

Error

2

18

Ëhe conparison of the ylelding abilities
(.visual) selection bulks ar Gl_en1ea,

Poprn. A

* Signfficant

** Signíflcant

29387.03*.

559s.63

2

IB

Popln. B

72227.03**

1796.37

Mean squares

at

34090.00** 11132.10*

3go4.s2 sss+.og

2

6

P = 0.05.

P = 0.0L.at

Pop rn. 
C

1033.36

4239.72

268t6.13**

3983.24

'ffi

Poprn. D

5130.25

8019.92

5992.30

2167.67

7707 .70*

1983.51

:, 
j:i

7529.25

4874.69

3724.43

2606.80

13521.08

3449.97

H
à.
F



Appendix 5-2. Mean square for
Winnipeg (vÍsual) sel_ectÍon
ín the combíned anaLysis of

Locatlon

Glenlea Populatlon
Treatment
AxB
Error

Source

Carman Populatfon 3
Treatments z
AxB 6
Error gg

CIANO PopulatLon 3
TreaÊment 2
AxB 6
Error 33

GLenLea population 3
*Carman Treatment 2

Locatl-on L
AxB 6
AxC 3
BxC 2
AxBxC 6
Error 2O7

Èhe comparison of the effect of
on yíeld and related components
the two Manítoba locations.

d.f. Yièl-d (e) d.f.

3
2
6

99

2905.942
67 965.408**
4783.808
4830.53s

9920.289**
3267L.033?r*

5362.956
2370.924

L68L9.243
3482.313
7908. 1-18
64L8.060

8706. 981-
96426.7 54x*

2O9O37.039¡+*
801_4.565
4rL9.249
4209.688
2132.L99
8724.998

3
2
6

44

3
2
6

44

random, MexÍcan (J_íght-insensitive) and
at Glenlea, Carman, CIANO (Mexico) and

Tillers

* Slgnlficant at p = 0.05.
** SlgnifÍcant at p = 0.0L.

L.846
2.936
1,.526
L.76L

L.zLO
o.07 4
0. 513
o.287

:
o.26L
L.L73

63.220*x
0.948
2.794
1.836
1.090
1.056

KÍlograms/ 200-kernel Spikelers/hectoliter weight (g) spike

53.842*
58.L62*
11.616
13.8L0

39.193
L29.240**

47 .832
20. 1_05

L8.254*
2.243

r_3.040
3.334

32.750
L7 4.2r4**
109.634*?t
L6.s54
r0.679
13. 189
20.460
L5.L79

3
2

6
33

3
2

1
6
3
2

6
92

o.404
0.071
0.367
o.482

L.927
0.694
0. 396
1. 887

3.229
15.294**
3. 14s
2.334

2.150**
0.240
o.L20
0. s41
0.27L
0. s06
0. 1_81

0.267

6.747
1.831
3.778
3. 205

2.056
o.487
L.725
L.846

36.828**
4L.066**
24.o53

7 .51,O

5.9s9
o.257

{1. Jlf :t*
4.600
2.844
2.060
0. 903
3.023

Kernels/
spike

L22.7 45
198.407
L27.739

62.258

116.150**
34.833
85.526
30.313

59.777
t23.L39
L24.499
90.043

L67.22I*
105. 651
16r.564

87 .2s6
136.106
r27.589
13.344
6r.79L

Kernel-s/
spÍke1_et

o.062
0.347
0.173
0. 141

o.259
0. L69
0. 3L4
0.108

0. 685*
o.670
0.520
o.229

o.072
0. 351
0.094
0. 33L*
o.248
0. 1_66

0.156
0. 125

H
s.
l\)



Appendix 5-3. popul-atfon means for yield and yield components
Mexican (rnsensitive) and l^Iinnlpeg (vtsual) serection bulks

Location

Glenlea

YÍeld (e)

243,87 at
265.9O a

263.90 a

259.7O a

Carman L92.77 a

. 22s.53 b

L94.50 a
183.87 a

CIANO 502.42 a
593.25 a
552.50 a

540.08 a

Glenlea 2L8.32 a
* carman 245.42 a

229.2O a

22L.78 a

Tillers

3.81 a

3.57 a

3.95 a

3.15 a

2.L4 ab

2.36 b

I.78 a

2.40 b

KÍ1-ograms/
hectolit,er

6L.52 b

62.L7 b

58.06 a
6L.75 b

58.35 a
60.04 a

56.96 a

60.49 a

69.05 a
70.88 b
69.O9 a

7L.46 b

60.95 a
60.O2 a

6O.23 a
58.46 a

200-kernel
weight (g)

Ín the comparison of, random,
(1e7s) .

7.25 a

7,O3 a

7.05 a
6.84 a

7.42 c

6. 81 ab

7.07 b

6.59 a

8.99 a

8.23 a

7.80 a

8.01 a

7.33 c

6.92 ab

7.06 bc

6.69 a

f Duncants rnultiple range
dÍfferent.

Spíketets/
spike

2.98 a
2.96 a

2.87 a

2.78 a

L6.67 a

16.51 a

1-7. 98 a
L7.26 a

15.38 a

16.08 a

L6.06 a

16.19 a

25.06 b

26.46 b

24.88 ab

22.27 a

L6.02 a

16.30 a

L7.O2 a

L6.73 a

Kernels/
spike

31.78 a

28.44 a

35.12 a

30.04 a

25.17 a

31.20 b

28.28 ab

30.92 b

50..42 a

52.72 a

53.30 a
55. 85 a

27.58 a
28.79 a

32.O4 b

32.33 b

l;.::::.

":l

test at P=0.05; values followed by sarne letÈer are not significantly

Kernels/
spikelet
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1.89 a
1.85 a

I.94 a

I.79 a

I.64 a

1.93 a

L.77 a

1.91 a

2.OI a

2.O7 a

2.I9 ab

2.54 b

L.77 a

1.89 a

1.85 a

1.85 a
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