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ABSIRACT

M"y, Kenneth Wllliam. Ph.Ð.r The Unlversity,cof Manitoba,

November, L926. A study of the Reraiionship and perforrnanee

of Parental Rye Llneg, Their Top-crosses, ,.and rheir TrÍticale
Amphidipd¿oids. Major P¡rofessorr Ðr. E. N. Larter.

Successful plant breeding,,,endeevours .are dependent upon

a broad genetic base from whlch superior genotypes may be o

selected. In the sSmthesis of tríticale (X friticosec,ale
llittmack) the production of newr amphidiploids is the most coÍt-

mon means of combining the genetlc variability of the esta-

blished wheat and rye species, However, the s¡mthesis tech-

niques presentl.y avaílable are not very effieient. One method

of overeoning'i,this inefficlency ls by eoncentrating onJ.y on

those'lrryheat-rye erosses which are the best conblnerg, The

objeetive of the present study was to ínvestigate the effect
of nye upon the plant characteristics 1n,the ;top-eross rye

hybrids rand wheat-rye hybrids.

Mainly inbred parental rye lines were selected for this
study because of their greater genetic homozygosity than cross
polLinated rye lines. The parental rye lines were crossed

onto Secale cerealer cultivar 'holifier' Tritiy4 durumr

cultivar 'Jorir' and. Triticun aestivum¡.rcultivar tsonora 6l+,'

The crossing produced top-cross rye línesr hexaploíd triticale
lines¡Í:'âD,d octoploid tritieale lines.

:\...:'''''''':.'..1'1:''j.:'.1ii',.].''1.].,i-.'".-'
:. - .;..1!.1: .' | :.: -:--i:::: j.:.'::_ i' t:. .; 1.:.i. .r
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The resuLts of the analyses of variance índlcated that

there was genetÍc variabtlity within the inbred rYêr top-cross

py€r hexaploid trltlcaLe, and octoploid tritÍcaLe. Thust

selection for aLL of the pLant characteristies would be pos-

sible. The varíation among hexaploid tritieale lines occurred'

both within and between trlticale fanilies' The variatlon

between these families was attríbtlted to the dlfference

between parental rye llnes. lhus, a deflnite portion of the

variatíon among the hexaploid tritlcale arose from the dlffer-

ences between Parental rye lines.

The resul-ts of the analysis of varianee of the fiåûd

experiment indicated that four rye characteristics (the number

of fl-orets per spiker the number of kernels per spiker flag

leaf length, and spike fertil-ity) were not affected by the

environmental- dlfferences occurring between the replloations.

The results of the eorreLations between the field and growth

cabù,net condítions showed that seven rye characteristies (tfre

number of fl-orets per spike, the number of kernels per spiket

splke fertilltyr days to heading; harvest indexr kernel weightr

and straw protein) maíntained consístent rankirgsr relative to

one another. the phenotypic expression of the parentaL rye

Llnes for six of the severl charaeters (exeùuding days to

heading) was posltively eorrelated with the expressi,on of that

character in top-eross rye. These six rye characteristios

were genetíca}ly correlated between inbred and top-croesr

and environmentaLLy stable enough to be the basis of seleetion

. ì'j'lr '
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of parental rye lines for hybridizatíon.
The characters measuring grain produetion on a spike

basis (number of kerners per spike and fertirity), and har-
vest index were intereorrelated among the ínbred rVêr top-
eross rVêr: and hexaploid and octoploid triticale. Straw pro-

tein was negatively eorrelated with most of these characters

in rye and triticale. An addltional negative correlation was

obtained between days to heading and the characters measuring

grain production i:n growth eabinet experiment wíth inbred rye

and hexaploid tritieal-e.
There were slgnifieant correlations among spike number,

plant height, dry weight per plant, and spike t-ength whieh

were énvlronmentally unstable eharacters among the rye lines.
fhese significant correlations were present in many rye and

tritieale experíments but were not consistentLy coryelated

with the characters measuring grain productisn, This separa-

tion of the plant eharaeteristics lnto two groups nay have

been caused by their respective sensitivity ts envLronmental

eonditions.

There were many other sígnificant correLation coeffi-
eients (espeeially wíth days to heading) but these did not

occur consistently across several or all. of the experiments.

A few of the plant characteristics were eonspicuous by their
lack of correratisns with other eharaeters, The most notable

of these were kerner welght, grain protein, and the number of
florets per spike.

The intercorrelations among the characters measuring

¡.j
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grain production and plant develepment means that only one

charaeter need be measured to represent eaeh trait. The

characters measuring grain productlon (kernels per spi.ke¡

fertilityr.-and harvest index) were environmentally stable and

eontained significant correlation eoefficients fsr the stud.ies

between inbred. and top-cross rye. The intercerrelated charac-

ters measurlng plant devel-opment (sBike nunber, dry weight per

plant, and. plant height) were not envlronmentally stable and

were not consÍstently correLated between inbred and top-cross

rye. These charaeters would not be very reliable as seLeetion

indices under the present conditions of experimentatlon.

Kernel weight and the number of florete per splke would each

prove to beå;åogdlsetection indices because of their non-

sígnificantc,corelation wlth other characters, envf.ronmentaL

stabílity, and eorrelation between inbred and top-eross rye

lines, Seleetion among.Lths;i,present rye llnes for one of the

characters measÌ¡ring graln production (kernels per spike, fer-
tility¡ or harvest index), kernel weight, and florets per

spilre wouLd. proAuþe more deslrabl-e triticales than if selec-

tlon had not ¡""rr'"pplied. The improvernent in the tritleales
would occur in eharaeters for whlch seLection was praetleed.

1.,.:..:.
l-'. .' ..

firi'''...::i:i
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II{TROÐI]CTION

ÎrÍticale (X [riticosecale Wittmack) is a reeently

developed species and consequently still has a narrow genetic

base. As this base is broadened due to breeding, seLeetionr

and util-ization of an increasing array of parental species

of wheats and ryes, eertain agronomic problems inherent in
early tritlcales are gradually being overcome, Gustafson

(1973) outlined techniques being used to increase the varia-

biJ.ity wlthin the tritieal-e species. Thege technÍques are¡

(1) synthesis of new amphldiplolds,

(2) 56- X l+Z-ehromoaome tritieale erosses,

(3) tetrapl-oid wheat X 4Z-chromosome triticale erosses,

(tl) diploid rye x 42- or J6-chromosone trÍtieaLe cr'osses'

ß) hexaploid wheat X.4?- or 56- chromosome tríticale crosses,

(6) ll2-ehromosone agrotritleum X 4Z-chromosome triticale
crosses,

(?) l+Z-chronosome tritieale X 4Z-chromosome tritieale er@sses,

(8) screening composite popuLations mainly to select specifie

phenotypes (large seed types).

lhe slmthesis of new amphidlploids is the only teeh-

nique of the eight listed by Gustafson (I9?3) which brings an

entirely new rye genome into tritieale. This teehnique is
the most common method for bringing new genetic variabilíty
frorn rye species into triticale. Howeverrithere are a

i ;,,



eouple of najor disadvantages associated wlth the synthesis

of new amphidipLoids, It is the most diffÍeult technique

because it requires lengthy and involved processes in the

laboratory. In contrastr the other techniques can all- be

accornpllshed in the field. The second disadvantage is that

the new anphidiploids will have more numerous meiotie and/or

agronomie abnormalíties than the recombinants from the other

techniques. This situation exists because the parental- trl-
tíea1e material used in the other techníques listed by

Gustafson (L973) has already been seleeted to remove nany of

the undeslrabLe characters.

The efficiency of the production of desirable raw

anphidiploids rnay be improved eonsíderably if the selection

and/ar predictive tests suggested by Kaltsíkes (l.97t+) and

Ðarvey (19?3) could be conducted on';the parental rye before

synthesis of the new amphÍdiploids. MeDaniel (L9?3) has

suggested the use of mitrochondria complementation test to

select the Lines of rye and. wheat which appear to offer:¡psten-

tial for triticale s¡mthesis. The extension of this type of

parental testing to plant and grain characteristies has not

been reported in the literature. Thêre is a lack of informa-

tion on rye species concerning the geneties of agronomic

eharacteristics and their contribution to the genetic back-

ground of tríticale. HeritabilÍty studies have been extensive

in wheat and limited in rye and'l;tritieale. Thus the informa-

tion from wheat must generalS.y form the basis for the assunp-

tlons concerníng the genetics of agronomic charaoteristics in



rye and triticale.
Another import.ant question concerning tritícale syn-

thesisr is the influence of the parental rye on the resulting

triticale, In ê study by Quinones et al. (L972) it was shown

that resistance .to wheat leaf rust (Pucginia recondíta) r in
the rye parent was not transferred to the resultlng triticale.
However, Morrison (L975) found that wheat stem rust resistanee¡

Puccinia graminis triticir was transferred from rye to triti-
caLe. The need to deternine the importance of the rye parent

to the agronornic and reproduetive characteristies of the trl-
ticale formed the basis for the present study.

[he obJeetive of the present study was to investígate

the effect of rye eharacteristics upon the respective eharac-

teristies in the top-cross rye hybrids and wheat-rye hybrids.

Statietical- analyses were performed on the data from top-

eross rVêr hexaploid triticaler oetoploid triticale as well

as the parental- rye lines. Information about individual

charaeters was obtained from rye and triticaLe by eonducting

correLations between the data from each pair of plant charae-

teristics and an analysis of varianee upon the data for eaeh

eharacter ln eaeh experiment. Additional inforration about

each eharacter within the rye lines was obtalned from corre-

Iations between growbh cabinet and field conditions as well

as between inbred and top-eross lines of rye,

In addition to the main objectives outLined abovet

the method and effectiveness of anphidiploid synthesis was

also evaluated in respect to the triticales';produced for ):tr,.:,-r.t i ::ri i:



this study, SinÍlarJ-y, the inheritanee

and grass d.warf hybride as they related

tieale in this study, was also studied.

of pericarp coLour

to the rye and tri-

1".:j..il



LITERATURE REVIEW

This literature review is presented in the followlng

nine seetions¡ 1. a Sunmary of the factors eontrolling

cr@ssabilitY¡

2. a review of the chromosome doubling tech-

niques pertlnent to the present study¡

3. a short diser¡ssion of the rel-ationshlp of

pJ-oidy level as it rel-ates to the agronomic and biological

behaviour of tritiealeer
t+, a diserrsslon of meiotic stability and its

relati@nshiP to grain Yield'
5, a review of the studies attempting to

explain the eause of seed shrívelling in trLtieaLet

6. a brief sunmary of the lnheritance of

graÍn and plant Proteln'
?, a review of the Literature concerning yield

eomponents in snalL eereals,

8. a summary of the inheritance and correla-

tlons among pLant characÈerlstlcst
g. a review of the studles of general combining

ability in reLationshtp to hybrid productíon and application to

tritieaLe s¡mthesis.

i.l.:l r'
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Crossability

CrossabilÍty of wheat and rye is genetieally controll-ed '

by two rnaJor genes located on chromosome JA and 5B (Rlley and l

Chapman, :t96?), lfighly erossable wheats produced approximateLy | :: :

5O16 søed,-set and the low crossable wheats 5/, ar less (nifey li"'':"t"

and Chapfiârtr .ì,Lg67¡ Kaltsikes, \lrg?4'), Riley and Chaprnan (Lg6?) 
l

coneluded that tetraploid wheats more readily set seed' when l

1,.:, ,., .,1.,1

crossed with rye than almost all of the hexaploid wheats of 1,,. .',',

Europe that he tested. The crossabiLity lndlcated by the i' ,,,,,'.
1-.:Ì-j: :'j: .:i

percent seed-set presented by Kaltsikes (1-9?tþ) ll}ustrated the

great variatioR among tetraploid and hexaploíd wheats in their

cr':ossability wlth ryer The data presented by Krolow (L970)

indieated that the majority of the forty-six varieties ín six

species of tetraploid wheat tested were in the mid and high

crossabi1ítycategories'Thevery1ownatura1germinationof
these tetraploid embryos was attribr¡ted to abnormalities in 

i

ernbryo and endospern development. The seed-set of þ .96y', glven '

by Krolow (Lg?O) for hexaploid wheat when crossed with rye 
ir:],:.Íj...::. ::..':.

wag lower than hie values for tetraploid+wheat. Howeverr the ,,:,,, ,.'

germinatlon of the hybríd seed from hexaploid wheat was 61,83% ;"'".'"i'

which resulted in a higher pereentage of hybrids in comparison

to those from tetraPloid wheatr

In a series of ínvestigations, fozu (1966) searehed ,'---,,',,
:-_:'i.::: . íì-r ::.1

for the.i,physlologicaL sùage at which the genetie crossabillty

factors have thelr effect, and narrowed the phenomena to a 
l

period either directly before or after fertilization. The

stignatic reeeptivity of wheat and the pol}en tube growth of
:..jii:.t.::}.j'+.
i- :;,i',:l
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ryeinthewheatsty1ewasnotaffeetedbythecrossabi1íty
gerles,

The theory has been advanced by Riley and Chapman 
"

(L96?) ttrat crossability genes could have developed to pre- , ., ,.... ,,..

vent wheat from naturally crossing with rye and producing its {.':"-"":':"."r'""

i

ownweed.s.Ka1tsikes(Lg?4)eone1udedthatthespecific
genetic faetors preventing the erossing between wheat and rye ì

developed gradually. This conclusion was based upon the fact litt''t"t''tt",.'...''

that erossabllity between tetraploid wheat and primítive rye 
:,.,..,,,.,,-.r'i:,.

was hÍgher than wíth eultivated ryes (Kãltsikes, lrg?4), 
:¡'rì:: 'ìi"

Chrormosome DoubLing Techniques

The alkal_sid eolchicíne is the most eommonly used 
i

chernical to induee doubting ln tritieale hybrids' Kaltsilres

(Lg7t+) briefLy reviewed nine rnethods by whieh coLehlcine ean

be applied. and the degree of suceess experieneed with each of 
i
i

the methods. [he most effective and conmonly used was the I

capping nethod proposed by Belr (1950). one or more tilLers 
j,,.,,,,.,,,rr.,,,,

aîe cut back ig 2-3 crn in length and a vial containing a 0,2 ,',, ,,, 
"'',',

0,3fr aqueous soLution of colehicine i.s lnverted ol/er each eut ,.,.,,1,,,,.;,,.'.,:,i':
tiLler for seventy two hours. Sanehez-Monge (L958) reported

a doubling rate of forty-slx percent using the capping method

for embryos produced from hexapl,oid wheat and diploid rye. 
1,.,.¡¡:,,,,,,,,,,,,..,

Using this method he applied colchiclne to one to three üllLers r'ìi::' 'r': :i;

on plants containíng four to elght tillers respeetíveLy.

The effectiveness of the colchicine treatment has been

increased three to four tínres by using the sr¡rfactant dimethyl



sulfoxide (Sanders and Hul-l, L97O¡ Subrahmanyan and Kasha,

I9?5), Sanders and HulL (1970) obtained an inereased rate of

doublíng fron the solution of eolchicine and dímethyl sulf-
oxíde when applied to gerninating seeds of Rubusr but no 

]..r....,:..,',,,
,. r' ..t..t 'r.

effeet when appl.ied to the apices. The barley haploids used

by Subrahmanyan and Kasha (L9?5) were doubLed at the 2- ot 3-

leaf stage in a culture vial. A 3-4 mL solution, whlch . ,, ,

:.. :: :

eovered the crown, was poured into the vial and Left for five ;'.',.',,';¡:

hours before washing the pl-ant and potting it in soil. 
,:,.1ri.,,.:1,,,

-:. ..1'

Genetie Constitution of Hexaploid

versys Octoploid TritieaLe

Varior¡s cornbinatlons of the genomes from Gramineae 
:

have been produeed for research purposes in atl atternpt to pro- :

t:.

duce new and irnproved specíes (eg, triticale), Genome inter- 
l

l

rel-ationshlp and eombining ability was investigated in rela- 
f

tion to its effect on yielding capaelty (Shebeski' 1958). The

researeh presented by Shebeski (1958) indicated that the R 
1,,,:, , :,:

genone of Secale cereaLe was a better eombiner than the D ':"'"''

genome of Aegilops pquarrosa L. with the A and B genomes of ,;i.:i.t,;:,lt'',;,
'':1

tetraploid wheat. Manipulation of whole or parts of genomes

may produce a genotypic conbination with improved yielding

capaeíty compared to the present species' 
i,r,,:,,,,,,.,

The first tritieales synthesized by man were between " '

hexapl,oid wheat and diploid rye (Muntzing, 1939), Enphasis

then shifted towards the r¡se of tetraploid wheat parents

beeause of the improvenent i.n seed-setr fertilityr and



genetic stability of the hybrids (Larter et al. r Muntzingr

1972), More recently' the extracted A and B genome from

hexaploid wheat in hexapLoid wheat cytoplasm has been crossed

with diploid rye to produce hexaploid triticale. Sisodia and

McGinnis (lg?O) have expressed the opinion that hexaplold

wheat cytoplasn should produce improved hexaploid hybríds

because it has been adapted to aceepting alien genomes and it

has become preadapted to operatlng with three genomes.

Fertility
The interreLatíonship of fertility or seed yield and

meiotic disturbanees has been extensively investigated in

triticale. A positive relationship existed between fertilíty
and meíotic distnnbances during the early generations after

the produetion of the prirnary triticales but this correlation

d.lsappeared with advancj.ng generations (Rupert et al. , 1973t

Hsam and. Larter, L9?3), Tsuehiya (t97Za) suggested that

meiotic abnormallties will affeet the yield up to a certain

threshoLd value. 0ther studies have shown that although

meiotie instabil-íty rnay exíst there was no apparent relation-

ship between this charaeteristic and low fertility (niley and

Chapman, 195?¡ Merkerr 1971 and L9?3bt Boyd et al., L97Q¡

Kampanna and Seetharam, L9?2), A positive relationship has

been reported between meiotic irregularities and the frequency

of aneuploíds in the foll-owing generation (Merker, L9?l).

Aneuploíd plants are l-ess fertile and less vigorous than cor-

responding euploid plants and must be avoided if rnaxinum ylel'ds
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are to be obtained (Merker, L973þ), Aneuploid plants have

also been assoeiated with reduced seed size (Tsuehiya ¡ 1972t

Weimarck , 1-97 5) ,

The cause of meiotic instability has been attributed

to the l-oss of rye chromosomes from oetopl-old tritioaLe
(Muntzlng, Lg39), The univalents were assumed to arise

exelusively from the rye genome beeause of the tendency for

octoplold trlticaLe to revert to wheat and the common oCCürr-

ence of uni.valents when opt-crossed rye was inbred (Muntzingt

Ig3g, and Lg63), Sanchez-Monge (1958) reasoned that the uni-

valents which appeared in his oetopl-oid. and hexaploid trl-

ticale were from the rye genome because the univalents appeared

in equal frequency at both ploidy levels. Inbreeding depres-

sion in the rye genome has also been cited as a possíble cause

for the preferentíal Loss of rye chromosomes in octoploid tri-

tieaLe (Muntzing'- L9391, Reeent studies by Shígenga et al.

(f9?f ), larter and Shlgenaga (19?1)' and Merket "\,L973a) have

shown very clearl.y that both rye and wheat ehromosomes are

lost from tritieale. These studies lvere all based on chrono-

some neasurement by whieh wheat and rye chromosomes can be

identifled with reasonable aecur&cfo

DÍstr¿rbances in meiotic stability in tritieale have

been shown by Bennett and Kaltslkes (Lg?)) to be affected by

the different meiotic rates sf the parental species wheat and

rye. The rye ei¡ltivar, rProlificr' had a longer meiotie tine

than the tetraploid wheat cultivar, rstewart.' The resuLting

triticale wag lntermediate i¡:r lts length of time to cornplete

t .:
l r.-.
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meiosis but closer to that of the wheat parent. Recentlyr

Ro,upakiae and Kaltsikee (t970a an¿ b) have shown that no

relationship exists between dr¡ration of meiosis and the degree

sf ehromosome pairing in triticale.
Mitotic cycles were shortest in rye and longest ín

wheat (Kaltsikes, Lg?l) but Benr¡ett (L973) does not consider

these great enough to cause aneuploidy. Kaltsikes (L972) also

has shown a difference in the rnitotlc cycle of the trltioales
rRosnert and 'Armadillo' which he attributed to the background

materiaL used to develop these varieties.

The self compatability eharacteristic present in some

llnes of diplold rye has reeeived a great deal of attention

ín regards to its possibLe effect on fertile and meiotieaLly

stabLe triticales. Muntzing (195?) was the first to suggest

that inbred rye rather than open-pollinated rye wouJ.d produce

the best prirnary triticalee. He reasoned that the nornal

inbreedlng depresslon observed ln rye oecurred in triticale
produced from eross-pollinated ryeo Riley and Chapnran (Lgs?)

suggested that Lines or rye adapted to inbreedlng would pro-

duee triticale with fewer deleterious interaetions between

the genotypes of rye and wheat, Muntzlng ogel) obtained a

wide range of triticales fron inbred rye and concLuded that

seLection among these tritieales could produee lines better

than:rlf out-crossed rye had been used in the initial erosses,

However, Weimarek (L9?3) obtained a higher frequency of aneu-

ploid plants when self fertile rye was used to produee

l'¡ f',r:.:i; ,:,
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triticale. Merker (L973e) eoncluded that inbreeding and

homozygosity of the rye chromesomes in tritieale couLd not

be eonsÍdered the only eause of neiotic írregul-arj-ties.

These conclusions were based upon the faet that the meiosis

was,,more disturbed in FI triticale hybrids thanj.in either of

thetr parental ,$,riticales. These reulsts may be attributable

to genetic ehanges whieh couLd have oeeurred in the rye genome

thus preventing conplete chromosome pairing when the genomes

are brought together in the Fl tritieale hybrid.

The signifieant differences in neiotic irregularities
and fertility in eight lines of tritieaLe has led Merker (1971)

to eonelude"i:that the genetic factors affectíng fertility andl

neiotíe imegularíties are independent. These results sup-

ported a suggestlon by Muntzing (tglg) that meiotie irregu-

l-arities arid partial sterility were separate phenomena whieh

extend from a conmon physiological disturbaneê.

Rupert et ?1. (r9?3) were able to inerease the number

sf seeds per spikeLet by 66,9/o in three generatíons after the

s¡mthesis of hexaplold triticale by seleeting for meiotic

reguLaríty and plant type. Fertility in wheat has been shown

to be controlled by a rninimum of 'five genes (HaLLoran, 1974)

and if êxtended to triticale it nay explain the improvements

in seed-set whÍch are poesible immedíately after s¡mthesis

by selecti.on. Merker (L9?L) coneluded from his and other

work that recombination and selectlon would eonsíderably

írnBrove fertility and stabilization of meiosis in earLy gen-

erati.on tríticales.

L2
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In a study by Gebremariam (19?t+), the wheat euLtivar

'Glenlea' was found to be superior in seed-set to all of the

advanced strains of triticale tested. The number of kernels

per,spikelet and kernels per spike' which were used as a

measure of fertility, showed posítlve correlations with grain

yieldr spike length' days to headingr and plant height as

well as negatíve correlati.ons with tillers per plantr kernel

weight, and grain protein. Gustafson et al-. (19?5) found

that fertility was positively correlated with yield per plant

and kernels per spike in an FJ population of hexaploíd tri-
tieaLe. Resul-ts from winter wheat (Fonseca and Patterêon,

1968) and spring wheat (Hsu and Walton, 1970 and L97].) a}l
indicated a positive eorrelation between kernels per spike and

graín yield. The number of kernels per spike was found to be

highly heritable (Fonseca and Patterson, L968) and a Large part

of its genetic variation was from addítíve genetic effects Ín
wheat. Grain yield per plant has been found to be highly

heritable in hexaploid triticale (Setni and Singh¡ 1972\, The

results of these studies indicated the possibility of improvíng

the level of performance of new tritlcaLe Lines by selecting

for fertility and plant yie1d.

Ja: - 'ì11'.-:i-

1 . .,.

Seed Shrivelling 
i,.,.

Seed shrivellingr which manifests ítself as 1ow seed ¡"':!'

weight and poor seed appearancer has been a najor problem

preventing the production of high quality tfriticale grain'

However, rigorous selection has reduced the amount of
:,,i I

ri:rì
l.l-r,l
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shrivelling (Zillinsky and Borlaug, Lg?l) and eaused the per- 
.

centageofstarchtoinereaseattheexpeRseofproteinper.
.centage (uillinsky' L973a), 
l

Physiologieal examinatlon of shrivelled triticale graln 
i,,.

has ShOwn a preqocious release of amylase (KlaSsen et a1., i"'
:

::g?I¡ Shealy and Simmonds I L9?3), Klassen et aI. (Lg?L) 
i

reported normal developrnent of shrívelled triticale lines 
::

until 55% moisture was reached at whieh time amylase eon- 'ìì

tinued to build up and stareh deposition was stopped'. t;.j.

Hi11.eta1.,(Lg?3)uti1izedsucrose14cfeedíngto
i

determine that cultivars with shrivelled seed transport sugars

nores1ow1yand'}essefficient1ytothegrainthaneu1tivars
with non-shrivelled seed. However, Fiseher (L9?3) used leaf

removal and plant thiruring studies which indieated that the 
;

photos¡mthate translocation system was probably not limiting 
:

I

in',-trítieaLe cultivars with shrivelled seed, Fischer (L9?3) 
i

bel-ieved that seed shrivelling represented. a genetic limita-

tion ín the sink caPacítYr 
,,til

Shea1y and Simmonds (I9?3) and Ðedio et aL. (L975, 
r,,,,

observed. that the end.osperm and aleurone regíons were the r"

main tissue affeeted by seed shrivelling. The shrivelling

charaeteristic has been isolated by Darvey (L973) to faetors

carried on rye chromosone 4n/?n, 5R, and 6R and on wheat |'.i¡

chromosomes JA and 68. 3R has shown some effect on seed

shrivelllng in the cultivar 'RosRer.'
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ÞoteÍn
Most of the literature concerned ûith protein content

and its inheritanee in snall seeded cereals is on wheat.

Grain protein content has been shown to be quantitatively
inherited and influenced by the environment. Johnssn et al.
(lgZt+) found the average proteln content of wheat *""i;;
be approximateLy L2% wtth the range of 6 to 22/" in a survey

of the world collectlon of bread and durum wheats. These

authors felt that most of the variations in seed protein was

non-genetic and only a response to the environment. Partial

domlnance for low graln protein in wheat has been reported

by Davis et'ral. (I9?4) while Kaul and Sosulski (19?5) eoutd

not find any net dominance for low or hlgh grain protein.

The inheritance of straw proteín content in oats had índi-

cated additive gene action (Campbell and Frey, L9?4), The

straw proteln content of oats was positively correl.ated with

heading date but not with plant helght, percent gro,at proteln'

or ten groat weight.

The pereentage of protein in wheat grain has been found

to be negatively correlated with ùhe quantity of grain pro-

tein (ttsu andi:,sosuLski , L969 ¡ McNeal gt aI. , L972). However

there was a positive correlation betweeta grain yield and the

amount of grain protein in grams (Mcweal et aI. I 1972).

Although the percentage of protein was decreased with increased

yields the overall yield of protein in grams was increased.

L5

A considerable amount of variation exists in the
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relationship of plant and grain nitrogen contents. The

lines of wheat selected for high grain protein by Johnson

et al. (1967 ) contained a higher nitrogen content throughout

the period of grain development than those lines which had a

low grain protein. There was no significant difference in
grain yield between the high and 1ow protein lines. The

line of wheat which had the highest straw protein also con-

tained the lowest grain ¡rrotein. The authors,:eoncluded that

this line had a good ability to take up nitrogen from the

soil but a poor abiLity to translocate the nitrogen to the

grain. Wheat plants of a high grain protei-n selectlon eon-

tained the lowest l-evel of pLant nitrogen. The authors con-

cluded that there was a good nítrogen transloeation to the

grain and a poor nitrogen uptake from the soi1. In contrastt

a study by McNeal et aI, (tg?Z) could find no differences in
pJ.ant nitrogen contentr straw nitrogen yieldr or nitrogen

translocation between lines of wheat which had been selected

for high and low grain protein. The differences in graín pro-

tein were attributed to the lower test weight and the snaller

number of kernels per spike of the high protein selections.

The results presented by Plarre and;'Fiseher (I97 5) in
rye indieated that the protein was mai.nly located in the

aLeurone layer. The percentage of protein in rye inereased

as the seed síze deereased. The proteín content was also

shown to be influenced by the environment. A diallel cross

of six inbred rye lines indicated that a low protein content

was inherited due to the accumulation of dominant alleles'

i:-:::

lr:::':
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A study with hexaplold tritieale was conducted by

Gebremariam (l-974) in which the protein content was compared

with fourteen other plant and grain charaeterlstics. Pro-

tein was positively correlated in hexaploid tritÍcale with

tillers per plant and test weight as well as negativeLy cor-

related with kernels per spiker kerneLs per spÍkelett

maturity, plant height' lysine, and grain yield'
Tritlcale provides an opportunity for pLant breeders

to increase'i;the amount of protein in a cereal grain. New

arnphidiploids contain high protein levels but as the kernel

types of these hybrids is improved. protein percentage decreases.

Present triticale protein levels are approxinately L5.O/o on

a 14% moisture basis and, a J.l conversion faetor whieh is
approxinately two units above the standard bread wheat (Lartert

L9?3).

iield Compgné.nts

Many attempts have been made in plant breeding to

select specific yield components or a combination of components

to be used as selection criteria for yíeLd. The correlation

and heritabiLity str¿dies of yleld and its components have

revealed some of the eonplexities lnvolved ín their inherit-
anee. Correlation studLes in spring and winter wheat (Hsu

and WaLtonr l9?Or Fonseca and Patterson, ]-968) have shown

positive eorrelations between yiel-d and the conponents of

yield (spike numberr kernels per spÍke' and L000 kernel

weight). Although yield and components of yield are posl-

tively eorreLated the components:Gff y*eLd themselves are
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I

tBr
:

ì "egatively correlated. Many studies have been implemented 
;

l*oexp1ainthere1atíonshipbetweenyíe1danditseomponents
' and the interrelatisnship among the components of yield.

, Gf,afíus (1956) represent'ed yield as the volume of a ¡,.., ,

'' 
't't't'rectangularparaJ.1elepipedwiththeeomponentsofyieId

(panic}es per unit area' average number sf kernels per pan-

lele, average kernel weight) as the length of the $Ídes 
r,,.,.:,.,,, yield esuld most easily be increased by extending the ;' ,

i shortest side of the parallelepiped. 
i,,:,::,:: :..

lhe interrel-atÍonshi,p of yleLd eomponents anong them-

selves and with yield has been deseribed by Adams (L96?) as

a response to the amount of netabolítes available. ltrhen
l

netabolites ere plenti fuJ. and/or competition is lsw the yield

component developing at that time ís inereased and viee
i, versa. An i.norease in a yíeld eomponent whieh develops early 
l

, wiLL exert greater pressure on later developing components by :

greater competition or reduced metabolites. Thís type of con-

, Þensation exists only withín a certain range. Jones and Hayes ,,,,,,,.,. :'..
( Lg6? ) reported that the medium and high seedlng rates in oats :,,:,:,.,

. .t. .t,

yíelded the same but higher than the low seeding rate. The

reduced pJ-ant numbers in the low seeding rate could not pro-

ducesuffieientincreasesintheotheryietdeomponentsto
attain the yield of the other two seeding rates. ,.,:,,',,i

Seleetion for one yield. component ean improve or

depress the grain yie1d. Nickell and Grafius (L969) doubted

the number of spikes per plant and their results showed

reduetíons in kernels per spllçe, kernel weight, and graln i;,.;¡,=
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i,'-. ,,.. . ,,.

yieLd, The yield decrease indicated that the lntense selec- ¡': : '':

:

tíon to inerease spike number (136 llnes out of 387 llnes) :

cou1dnotcompensateforthereductionsinlçerne1sperSpike
andkerne1weight.Inbar1.ey,effeet1vese1ectionforkerne1s
per spike reduced the overall yield (RaSnuSson and Connellr 

ii',,,':..',.:,,:;,,,-,,;

Lg?O), EaCh of the effects reported by Rasmusson and Connell 
i.::::'r):i'.

I

(Lg?O) occurred in only one of two populations of barley.

Knott and. Talukdar (lg?L) reported a successful i.nerease of 
,,,,, .:.,,,,,, .-:,. :,. 

_.]. 'r,

Seed weight in Thatcher by transf errlng a targe seed charae- ''', "' ,"

' . :..it :i . :::

ter from rsel-kirkr through a back-crossing program. the. Seed ir,;:,;,,.1.:,

weight was increased by L9% anö. tl¡Le yieJ-d was increaseô. by 6/o.

In this case the genetic lncrease in one eomponent was not

comp1ete1y1ostd'uetothecompensatoryeffectoftheother
components of yieLd. Fonseca and Patterson (fgOg) pointed

out that selection for components of yield is msst effective 
i

when the components are highly heritable, when the components i

I

are genetieally independentr and when there is no physio'

logical association among the components.

Recent atterapts to explain yield component inter- ,,,,,,,,*,.:,,i,r,'i.-: :: :: -':-' : ' -

aetionS have been based upon plant requirements and the ,", '',,,,'ì',
.....:..:..":- : '.

resources availabLe to meet these requirements. Adams (Lg6?) 
r'ri :':::

and Grafius (Lg?z) envisloned the different eonponents of

yieì"d being drawn from a conmon resource pool' Negative 
;;::::.:.,,j.r:.1

eorrelationS wOu1d occur between genetically independent 
'::''".;¡i'''1i"''

eomponents of yield whieh are drawlng upon the resource pool

at the same time thr¡s creating conpetition among the character

traits. Grafius (:'¡g?2) observed that competition within
' '. .-: i".:- . 

-::

t,ì11,:',1.:r: :;::.r'!.1
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character traits was more intense than between different
character traits, This occurred beeause the units of the

same character demand metabolites at the same time whereas

different eharacters nay require metabolites at different
times during plant devel-opnent. The more intense competition

within character traits was chiefly responsible for the sta-

bÍlity of the thirty-six lines of wheat over three environ-

ments. A high component mean has been lnterpreted by

Grafíus (1972) as a relatively higher conpetitive abitity
within and between components.

A formuLa or set of yield components have sften been

sought as a more efficient alternative to yield improvement

than just yie3"d ítse1f. Nass (L973) condueted a study with

spring wheat to deternine which characters would be ¡nost

effectÍve for increasing the yleld. The results suggested

that spike number per plant¡ yield per spike' and harvest

index consj.dered eollectively would be the best combination

of yield components for use in a sel-ection program for yield

improvement.

Plant Charaeteristics

Plant breeding for incre¿ssfl..Ìyield requires an under-

standing of yield component interaction as well as the type

of gene aetion associated with each component. The type of

gene action associated with plant eharacterlstics is reviewed

in the following section. The literature is primarily con-

eerned with wheat and is used to indicate the type of gene
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actlon which oceurs and which may be simíIar to the situation

present in rye and triticale.
The spike characteristics, espeeially those deter-

míning sink capacityr are generally correlated with graín

yield, Predoninantly, additive gene action with some domin-

ance effects haS been reported in most references (l,ee and

KaLtsikes, Lg?Z¡ Chapman and McNeal, L97L) for spike charae-

teristics. However, Amaya et al-. (tgZZ) observed dominanee

to be the most important type of gene aetion affecting yield

ln durum wheat. Epistatie gene action for yiel"d is either

absent (l,ee and. KaLtsikes, l9?2) or lnconsístent (chapman

and McNealr Lg?L) in wheat.

1. Nunber of Spikes per Plant

the number of spikes per plant ls one of the three

yield eonponents generally considered to be the most important

in determining yield. Hsu and Walton (I9?I) and Sethi and

singh (L9?2) found spike number to be the most important

yield component in spring wheat and in hexaploid triticale"

Gene action determining spike number in durum wheat was found

to be pred.ominantly additive with some degree of dominance

but with a l-ack of epistatic gene activlty (Lee and Kaltsikes'

Ig?2), Sethi and Slngh (lgQZ) found that the number of spikes

per plant of hexaploid triticale was highly heritable.

Numbers of tillers and spikes per plant were found to

be eorrelated with plant and plot yieLd in spring rye

(Kaltsikes, ]g?3a). Fischer (lg?3) reported that trítieales

f :-: i
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generally have a lower spike number than most bread wheats

of the same maturity and both j-ncreased with íncreasing

maturity dates. Tiller survival at the various maturity

dates was lower in triticale than in wheat. Number of tillers
per plant was found to be negatively eorrelated wlth kernel

number per spike, plant height, and yieLd per pLot in hexa-

ploid triticale (Gebremariam, L97t+). Spike number is an

lmportant eomponent of yield and will likely respond to

selection in triticale because of the predominantly additíve

gene action,

?, Spike Length

Spike length has been shown to have an influenee on

yield and other yleld eomponents in wheat. Hsu and Walton

(L97L), Zitelli and MarÍani (L9?3), and Johnson et al. (L966a)

found that inheritance of spike length i.n wheat was eontrolled

by onLy additive gene action. Fischer (1973) and l¿rter G973)

both lndicated that increased spike Length in triticale lines
would likely lead to higher yÍe1de.

Some tritical-es spend a longer period of time in
spikelet initlation than bread wheat (Fiseher, l9?3). This

spike deveLopnent pattern is a unique feature of tritieaLe
and may offer an important means of increasing yiel-ds beyond

those of other eereals. Fiseher (1973) compared the spike

development pattern of a Norin 10 wheat derivative and wheat

with a normaL stature. The seni,:dwarf line had a different
pattern of ridge deveLopment, a longer and slower rate of

t
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development, a larger flnaL spikelet numberri:,and an inproved

fertility. Fischer (L973) found that the spike developnent

pattern of semi dwarf wheat was similar to rye.

A triticale study ln which slnple correlations were

used indicated that spike length was positively related to

number of kernels per spiker days to head.ingr p3-ant heightt

and p1-ot yield (Gebremariamr L97t+), Spike length was nega-

tivet-y eorrelated with kernel weight and grain proteín in
hexaptoid triticÉrl-e (Gebremariam, L974). In eontrast to the

previous study Sethi and Síngh (L972) found spíke length to

be positively correl-ated with kernel weight in the 3L stralns

of hexaploid tritlcale. Spike length is an írnportant eharae-

ter in triticale not only because of its relationship to
yíeLd and additive varíance but also because of its unique

developnental pattern.

3, Number of Spikelets per Spike

The number of spikelets per spike is deternined pre-

dominantly by additive gene aotion in wheat (Chapman and

McNealI Lg?Il Johnson et 31., L966at Lee and Kaltsikesr,lgT2),

A rnininum of six genes affected the expression of spikelet

number per spike in wheat (HaLLoran, L974), Spikelet denslty

in wheat was shown by Kuspira and Unrau (I95?) to be eon-

trolled solely by ninor genes. In coneLusionr spikelets per

spíke and spike density are eontrolled by only a few genes

and should prove responsive to seleetion in tritieale.

l:i:--.1
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¿1. Kernel Vleight 
:

Kernel weight in wheat is csntrolLed prinarily by

additive gene action with smaller effects due to d.ominanee

(Chapman and MeNeat, ]rg?l¡ Sun et al. , 1.9?21 Bhatt, Lg?Zt

Lee and Kaltsikes, Lg?21 Ketata et aI. , Lg?6), Johnson et aL' 
i.,t"r,,,
i:

(tg66a)conc1udedthatkerneIweÍghtwasdeterninedbyon1ya

few genes in wheat while Kuspira and Unrau (L957) indleated

it was controlled by nany genes. . :.;-.
iì:ri:.

Kernel- weight was positively and signlficantly cor- '."
,...;...

related with number of kernels per splker plant yie}dr ãDd ,',.,,: 1'

p1otyie1dlnspringrye(KaItsikes'l97)a),Kerne]'we1ght
has been shown to be negativeLy eomelated with number of

kernels per spike, spike length, days to headlng, and plant 
,

he1ghtinhexap1oidtritica1e(Gebremariam,Ig?L+),Sethiand
Singh (Lg?Z) also found kernel weight negatively eorrelated 

i

with days to heading. Kernel weight was highly heritable in l

i

hexaploid triticale (Settri and Singh, L9?2), Kernel weight

may prove to be an inportant eharacteristic in tritieale
:

beeause of its relatlonship to yield and simple Ínheritance , 
"';,,:,t',t¡

,'.'.'

5. KerneL Oolour

Several different kernel coLours have been reported

ín wheat and most appeared to exhibit simple inheritanee

patterns. Sharman (L958) reported a purple coloured tetra- i-,.,,,

ploit wheat of Abyssínian origin. The purple pericarp con-

dition was inherited as a simple nonofactorial domi.nant.

Rrrple eoloured hexaploid wheat has also been reported by



Copp (L965) which faded during back-crossing but was r:estored

when crossed to a normal red wheat. Knott (l-958) and Hurd

(1959) observed blue endosperm colouring in Agropyron. The

inheritance in both eases appeared to involve only a few

genes.

Watkins et aI. (lg6tt) reported a compl,ementary gene

inheritance pattern for the blue anthoeyanín pigmentation of

the aleurone layer in selections from rye eultivar 'PrsLific.'
Complementary gene actlon was also observed in earlier studies

(watkins et aI., L964) but the resul-ts of the earlier studies

indieated independent segregation, Vüatkins et al. (L964)

observed à 5,6/" Llnkage between the two complementary gqnes.

Pericarp plgmentatlon is not likely to become an irnportant

eharacter in triticale but it may serve as an excellent

charaeter for inheritance studies between the parental çpeeies

and triticale.

6. P1ant Height

New triticale anphidiploíds prodr.lced from wheat and

rye germplasn available in Manitoba are generally vlgorous

and tall (Zittínslcy and Borlaug, l97L), Breedlng endeavours

have been di.rected towards shortening the height of the tri-
t,i.eates. This aim can be advanced through the use of the day-

Light lnsensitlve semi dwarf lines of wheat. !

Cul-m length in normal height wheat has a eomp,Lex

inheritance pattern, Kuspira and Unrau (L95?) found genetíc

factors affecting height on eight of the twenty-one pairs of

25
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ehromosomes in whe.at while Allan and Vogel (1963) found

genetie factors on eleven of the twenty-one pairs of chrono-

somes, In eontrastr HalLoran (L974) detected a rninlmum of

three genes affecting plant height in a eross between Chinese

Spring and the winter wheat variety 'Hope.' Johnson et al.
(I966a) also detected three genes affeeting plant height in
the progeny from the eross between 'Seu Seun 27', a short

variety, and 'Blue Jaoket I r a taIl variety.

AlLan et al. (1968) reported the same pattern of

genetic control for semi dwarfness in each of three varieties

studied. General-Ly there were two naJor genes and several

minor genes eontrolling semí dwarfness. Fiek and Qualset

(L9?3a) observed four independently segregating Loei and

mainly additive gene action Ín crosses between a normaL stat-

ure and three semi dwarf wheats. Romero and Frey (l-g?3\

obtained:'partial dominanee for "tallness over semi dwarfness

in all crosses between normaL and semi dwarf wheats. fhese

authors determined that 'Sonora 64' differed from wheat of

normal stature at only one locus affecting plant height.

Many authors (Johnson et aI. , I966a¡ Amaya et al. r

19?21 Bhatt, L972) have indicated that in wheat most of the

variation in height was due to additive gene acti-on. Ketata

et al. (Lg?6) however, found non-additive gene aetíon in wínter

wheat.

A positive correlation has been observed bêtween plant

height and kernel weÍght (ne¿¿i et al. , L969t Johnson e! 4. '

26
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1966a and 1966b¡ Zittelli and MarianÍ, Ig?j), Semi dwarf-

ness originating frorn Norin 10 has been found to be corre-

lated wíth lower kernel weight, lower spike number per plant¡

higher kernel number per spike' longer spiker and higher

yields. These correLations are not generally found among wheat

varieties of normal süature (Johnson et aI. r I966b¡ Reddi

et al., L969)i

Short stature in the tritical-es may be introduced from

the rye parent as welt as the wheat parent. Kobylanskí (f975)

described a ntural- short rye mutant which was controlled by

a single dominant gene in the homozygous conditíon, The height

was deereased by 4O/" which inereased the lodging resistance

even with supplementary fertilization. The rate of morpho-

Logical devel-opment of the plant was reduced but ínternode

number and steam diameter or thiekness was not affected. The

Spikes were significantly longer on the dwarf þlant as a

result of an increased number of spíkelets, This donínant

eharacter for short straw does not have the usual negative

associations wíth other plant characters that are common in
other dwarf ryes. Another dwarf rye known as rSnoopy' has been

selected from an openl.!-ìpo1-linated population of the variety

'Gator' (Zi1l1nsky, l??3e), A third dwarf rv€r uc-90, has

been described by Gustafson et aL. (L973),

Plant height in hexaþloid triticale has been posl-

tively correlated with kernels per spike' spike lengthr days

to headíng, and yíeld per plot (Gebremariamr L97t+), Plant

height has aLso been negatively eorrelated with kernel weight'

27
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spike number, and grain protein in hexaploid triticaLe
(Gebremariam, L9?4). Sethi and Singh (tgZz) found pl-ant

height to be positively correlated with spike l-ength and ker-

ne1 weight in a study of 3L strains of hexaploid tritleale.
These authors also found plant height to be highly heritable.

Fisher (L9?)) has attributedr at least part of the

increased yield in recent triticales, to their reduced pJ-ant

helght and improved harvest index. P1ant height is often a

genetically complex character but because of its relationship

to yield it is a very imPortant one.

7, Grass Dwarfing

Aestivum crosses have produced a low frequency of

stunted hybrids which are different from the seni dwarf var-

ieties, fhey have been referred to as grass dwarfr hybrid

dwarfr or giass clunp dwarfs. These plants differ fron the

conmon seml dwarf geneotypes in that they have a denseLy

tufted grass-like habit and rarely flower' or fl-ower very late

under normal environmental conditions in the fieLd (Moore'

L966), These plants nay be indueed to flower in the green-

house Íf they receive direct sunlight, hlgh temperatures, and

Oibberellin Al treatments of 100 ppm at ? or 14 day intervals.

There is a speeific physiologieal and genetieal eause

of grass dwarfness which is different from that of seni dwarf-

ness (Hermsen, 196?) although eaeh type may have originated

from a common source (Fick¿:r"and Qualset , L9?3b), Researchers

agree that this trait is sinply inherited an$: generally

i.' .
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controlLed by three genes (Hernsen, L96? I Moore , L969¡ Hurd

and McGinnis, L958¡ and Fick and Qual-set, I9?3b)-, The pre-

senee of grass dwarfing in T, aestivum was first reported in
the late nineteenth century (piek and QuaLset, L9?3b) and

its presence has been continually observed since then. Dwarf-

ing genes have been located in semi dwarf wheat as well as

wheat of normal stature (FÍclc ana Qualset, 1973b), Grass

dwarf mutants have aLso oecurred. j.n crosses among triticale
lines (Salmon, personal communication).

8, Days to Heading

The number of days required for spike emergenee is a

erlterion which has been used extensively Ín the study of

inheritance of earliness in bread wheat. Some researcherst

such as Johnson et aL. (lg66a), have found days to spike e,Ffler-

genee to be controLled by only a few genetic fae$ors. Another

group of researchers have found nulti-genic control of the

number of days to spike emergenee (HalLoranr l-9751 Kuspira

and Unrau, 195?¡ Crumpaeker and Allard, 1962).

Amaya et a}. (L972)'; Bhatt (L972), and Ketata et al.
(L976) determined that additive gene aetion in wheat was the

most inportant factor in determlníng the number of days to

headlng. Halloran (L975) postulated the existenee of two

types of gene action, the flrst dealing with the initiation
of heading and the second with the rate at which the plant

progresses to spike emergellee. Ihe number of genetie faetors

determining the time required for spike emergence is variable

29



but because it is under additive gene eontrol, selection for

a shorter period to spike emergenee may be successful- in tri-

ticale.

9. Flae Leaf lVleasurements

Flag leaf measurements were made by Hsu and walton

(ry?L) whieh indicated that leaf sheath length and leaf

breadth influeneed the yield and yield components in wheat'

Flag leaf length was aasociated. with the number of kernels

per spike and kernel welght but not with yield. The import

ance of the photosynthetie a?ea of the spike and flag leaf

have been shown by Voldeng and Sirnpson (196? ) in wheat.

Shading studies indicated that the photosynthetic activity of

the fLag leaf and spike contributed more to grain yield than

the photosynthetic activlty of the other pJ-ant parts. The

photosynthetie area of the spike and flag leaf in spring wheat

(Nass, Ig?3) was associated with yieLd per spike. These

latter resuLts were based upon correlations from a two year

stud,y involving twenty-two eirltivars of spring wheat. Ïn Coil-

trastr Kaltsikes (L9?3a) found no correlation between yûêld

of spring rye and the characters of the flag leaf' the

references concerning flag leaf eharacteristicsr especially

flag }eaf length, are not p1-entiful but the importance of the

flag leaf in photosynthesis and grain filling makes it an

irnportant character.

30

,:?.:



3I

General Combining Ability
Early ad.option of hybrid corn and. its eeonomj,c

Ímportanee has generated a great deaL of research into the

identifieation of superior lnbreds for hybrid production. In
L929r Jenkins stated that lnbred lines of value for the pro-

ductisn of double crossr multiple cross, and synthetic var-

ieties are those which eombine well with a Large number of

inbred Llnes. A varietal mixture or a síngle open polLinated

variety was proven to be an adequate tester for general con-

bining ability in eorn inbred Lines (Jenkens and Brunsonr

L932). In a more recent study, (Nanda, 1966), eight inbred

lines of eorn were ranked the same when evaluated on the basis

of (I) perfornance of the inbred line per se (2) top-eross

performance when erossed with an open pollinated variety and

(3) single eross performanee when crossed with two test i.nbreds.

The exclusive use of inbred line performance to evaluate hybrid

performance has been suecessfully used in oorn by Lonnquist

and LÍndsey QgAL+) and Genter and Alexander (1966).

Reciprocal crossing between inbred LÍnes and a broad

base tester showed mueh less variation in seed-type and per-

fornance when the tester was used as the seed parent (St. John,

L93L+), The varianee in the means of the samples fron ten to

twenty plants of an open pollinated seed parent tester has

been shown to be less than the variance ascribed to random

error (Sprague, L939), Jenkins and Brunson (L93?) concluded

that the use of a broad base seed parent tester in the deter-

mination of general combining abllity of potential corn

rrì
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inbreds, was adequate to safely diseard up to one half of

the original material. Thus relíab1e general. combining

ability testing using top-eross material eould be conducted

if ten to twenty plants of a broad base tester were used as

the seed parent.

As well as the type of tester, the time of testing
has received extensive research attention in corn. Jenkins

(f940) has shown that the use of top-erossíng ín corn at the

So generation allows only .o.ne chance in forty of selecting a

plant that will give an 51 l-ine that is 8,9/'better than.the

oeiginal variety. Sprague (L946) obtained significant differ-
ences among the top-erosses from So plants and recommended

early testing for charaeters with low gene frequency and those

which can be evaluated easily. The potential of a plant to
become a good inbred line is deternined very early in the

inbreeding process (.lenkins , L935),

The potential of hybrid wheat has Led to the initía-
tion of studies to determine the heterosls and the conbining

abilityof wheat. Kronstad and Foote (1964), Gyawalí et aI.
(1968), and Brown et aL. (WSA) working with winter wheat all
reached sinilar conclusions. They concluded that a large part

of the total genetie variation for yield as well as the other

yield eomponents in winter wheat were associated with a sig-
nificant general combiníng ability effect, Wldnor and Lebsock

(1973) determined that the general combining ability mean

squares were highly significant among F1 rs and F2's for all

of ,"the nine charaeters studied in durum wheat. A large part

l:.ì:i -.:
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of;thevariationinoiIcontentinoatswasasSociatedwith
general eombining ability (Brown et al, , I9?4). These

studies on winter wheatr durum wheat, and oats all invoLved

a diallel analysis which permitted the determination of spe- 
i,,:,,',

cifíc conbining ability. these latter determinâ,tions showed ::

small or non-detectabLe differencesr

MorgensternandGeiger(L9?5)reportedataconfer
ence in Poland on inbred rye line evaluation for the produetion ;.'1

of rye hybridsr that the top-cross test was sufficient for 
i

1,:;:.: ,

inbred line analysis until the final seLection of inbred llnes

for hybrid rye prod.uction. This final eval-uation required the 
,

cal-culation iif speeific combining abilíty as well as general

combining ability. lhe top-cross evaluations by Morgenstern

and Geiger (Lg?5) with unselected inbred lines of rye showed 
,

I

that general combining ability aecounted for most of the 
i

genetic varj.ance between crosses. General combining ability 
'

estimates were the highest for plant height and lodging,

intermediate for heading date and grain proteinr and lowest 
1,.,,,,

for graln yield and kernel weight. ,,',..,



MATERIAIS AND þTETHODS

Sources of Material

The bulk of rye parental Ìines for study were

selected from the inbred lines made availabLe by Dr. L.

Evans. One rye line (acession number 2082-31 was obtained

from M:n. B. Haeberle. A self fertile l-ine from the cultivar
fProlific' and the rye line 'snoopy' which were available

at the Plant Science Ðepartrnent were ineluded. The lines of

rye from Ðr. Evans,:,¡were from a colleetion from various origins

and thus were genetlcally dlverse, The selectionsffron the

rnaterial made available by Dr. Evans were based upon a

visual assessment of 53 grain sampLe size' range of grain

size between samples, and pignentation. The visually selected

rye lines are listed in Table 1. In order to further reduce

the línes to a manageable number r ãA additional selection lyas

based upon a protein analysis' and a twenty-five seed sample

weight from eaeh line. The lines werei;placed Ín three gtroups

(small, medium, and Large) based upon the seed weight. The

protein eontent (nitrogen X 5,? at 0.0% moisture) was deter-

mined by the KJetdahl procedure on a small sample of 33 grain.

The final selections indicated ùn Table I were made so that

eaeh weight group contained "one purple pigmented line and the

naximum range in protein posslble.

:::,:i::;:':,

The wheat used to produce prirnary triticates were the
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I^ABLE 1. Identifieation and seed
Lines (E CeEegLe) r chosen for

characteristics of rye
study.

Aecession
ñ;rr'ber 2/

Fiel-d Tteight of
Number 2J Seeds

Weight Protpin Perj-carp
Class L/ Colour

2D3O-rl.

zDLoo-t+

Mario Junrez-3
SFS S! purp3.e-L

SFS Sï, purple-2
SFS SI purple-3
zDL17-1
aDLL?-L
2Ð2-II
2DL3-2
?Dl3-2
aD].L'-5
2D82-7
zDLt+-2

2D3L-4
?.Ð29-2

2D3L-3
2DB3-3

2D3L

cr 323387
2*
sFP-5
2D82-3
2D82 seLf

fertile

23'll
28-L0
95ç7

rt100-l
*L06-3

tLz-6
19ll-1

ntgll-3
*Lg 5-4
199-1

*Lgg-3

209çl+
*2L3-t+

201+-L

2l$-2
*22O-]-
*2¿+l--1

*277-L

JZO-2
x3l+l+-l+

3t+9-L
x38J-t+
*2D82-55

0.850
0.700
0.650
0"500
0.600
o,550
o,87 5
o.'B5o

0.750
o.750
0.700
o,750
o "325
o.?75
0.800
0,9 50
o.lloo
1.000
0" 600

o.775
0.57 5
0.500
o,57 5

large
mediu¡n

medium

smaLl
nedlum
medíum

large
Large
nedium
medíum

medium

med.ium

smaLl
smaLl
3.arge

3-arge

smalI
large
ned.it¡m

J-arge

medium

snal1
medium

¡nedium

small

L6.l+

L7.8
23.7
2L.g
17" I
20.6
L7.2
20..2

18.6
18.6
LB.¿þ

22.L
20.6
23.5
19.0
L?,7
26"6
Lg.7
tg "g
21.7
ãL.r+
lB"lr
tg, 5

l.7.2
16.0

:.:ìtt:::

non-purple
non-purple
non-purple
purple
purple
light purple
non-purple
purple
non-purple
non-purple
non-purpLe
non-purp3-e
non-purple
non-purple
non-purpLe
non-purpLe
non-purple
non-purple
non-purp1e
non-purpLe
non-purple
non-purple
non-purple

non-purple
non-purple

*2D82 0.650
*'Snoopy t o.t+25

x L,ines seleeted for this study
l/. o.0Ø moÍsture and Nitrogen * 5.?
2/ lJniversity of Manitoba aecession number
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seni-dwarf cultivars 'Sonora 64' (hexaploid) and 'Jori'
(tetraploid). 'sonora 64' originated from a breeding program

at Centro Internacional de Mejorarnionto de Maize y Trigo

(CfmMyn) and 'JorÍ' also a CIMMYT introduetion was obtained

from Dr. D. Leisle of the AgrÍeulture Canada Research Statlon

located in Winnipêg. Plants fron the commercj.al rye eultivar
rProlific' grown from seed available at the P1ant Scienee

Department were used to produee the top-cross lines used in
this study.

Production of Experimental Material

Tritlcal-e anphidiploids hybrids were s¡rnthesized

uslng the wheat parent as the female and following the tra-
dltional rnethod of emasculation and pollination. The wheat

florets were clipped and the anthers removed with forceps.

fhe spikes were then covered with glycine crossing bags until
exelsion of the embryos occurred. Pollen was eollected from

the rye parent by baggíng the spíke before anthesis. A rnix-

ture of pollen from all rye plants in each line which flowered

each day was dusted on the wheat stigmas. Crossing done in
the greenhouse using this technique promoted embryo development

without noticeable loss due to dessication of the embryo.

Eighteen days after pollination' crossed splkes were removedt

ernbryos were dissected out using sterile teehniques' and were

plaeed on nutrient agar medj-um in glass vials, After the plants

were well established on the agar they were removed and trans-

planted in soil in three-inch clay pots. Glass vials were

inverted over the seedlings for two days to prevent excessive
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water loss until the plants had become established ín the spil.
The hybrids were maintained in a growth cabinet at an

18 hour photoperiod and a day/ni$ht temperature of 18oC and

10oC, respectively. Root-tips were collected 2-J weeks later
after which the plants were repotted in five-ineh clay pots

and moved to the greenTrpuse. A root-tip chromosome count was

conducted on each plant to verify its hybrid eondition.

Hybrid plants were atlowed to reaeh the 4-6 tiller
stage before any attempt was made to double their chromosome

nurnber. A solution of either 0.L% coLchicine or 0,I% coLchicine

plus 2,0% dinethyl sulfoxide was used to induce doubling. These

concentrations were the sane as those used by Subrahmanyan and

Kasha (L975) and the Department of Plant Seieneer University

of Manítoba. One vial eontalning either solution was inverted

over the cut end of the primary tiller according to the eapping

nethod outlined by Bell (1950). Absorbent cotton was placed

at the base of each plant to eolleet spillage from the vials.
This precaution was found neeessary to prevent injury to the

roots of the treated pl-ants while the vials were kept filled
for 48 hours. The actual doubllng per'lod extended over two

months but the treatment procedure was kept constant, Treated

plants were aLlowed to mature in the greenhouse.

0f the original t4 rye lines used in the lnitial
stages of this study¡ several were discarded because of their
poor conbining characteristics. The wheat-rye hybrid embryos

from both 'Sonora 64' and 'Jorl' crossed with inbred rye 241,

385, and )44 alL failed to produce amphidíploids' The triticale

-:{,
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linesfromthese1fferti1e2D821inewereveryweakanddid
notproduceC2seed.Theuseofthesefourrye1ineswasdis.
eontinued at this point , 

"

The Wheat-rye hybrid embryos from 'sonora 64' 
i,..,'..

erossed. with inbred 100 and inbred 106 as well as fron 'Jori '
erossedwithinbredI99faiIedtoproduceamph1dip1oids.The
amphidiploids produced from the crosses 'Jsri' by inbreds 

i..,.,,
2D82-S5 and L95 and from the qrosses 'Sonora 64' by lnbreds i;¡,i:,

L95 and ZtJ could not be increased to the C3 generatlon, The 
¡,t"
t'

hybrids from these wheat-rye crosses were lost but the parental

ryes eontinued into this study. 
,

Ihe initial wheat-rye crosses were made in the green-

houseinJanuaryandFebruaryI974'Chromosomedoub1ingwas

conduetedinthespringofI974inthegreenhouse.Thec2seed
harvested from the doubled plants was increased in the green- 

i

house during the fall and winter of 1974 to produce Ca seed. 
.,

TheC3seedwasusedinthetwoexperímentsinwhtchtritiea1e
wag involved. ,,,,.,,.,

::t':t'

The original 53 rye lines were grown in the greenhouse 
,.,,1:'.

where they were used as the pollen source for atL of the crosses :: ':r':'

onto wheat and 'Fnolific'. Self pollinated inbred seed was har-

vested from each of these plants. Based upon the quantity of 
:.;l

grain, eight plants fron each 33 inbred Line were selected for ¡i,ì:,i

comparison with the tritieales and top-eross rye in the experi-

ments. Whenever an experiment was conducted requiring inbred

rye seed.s a eonposite sample of 54 seed. was used from these

eight p3-ants. ili:':,r
i:.r ''
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The general eombinirrg abÍlity of a line in a cross

pollinating speeies is an important character in determining

the value sf the line for hybrid production. The out-crossed

variety rProlific' was used as the tester parent in top-crosses

with each inbred line of rye which produeed triticale. The

top-cross, which is one of the several aecepted means of deter-

rnining general- combining abllity¡ was used ín such a way that

the inbred line of rye was the male parent and 'Þolific' was

the femaLe tester parent. This method. of progeny testing of

the inbred lines was used beeause it nore elosely approxirnates

the synthesis of prirnary triticale than using the inbred lines

as the maternal parent. Each Ínbred l1ne was crossed onto at

least 20 different individual-s of 'Proliflc' to reduee the

variability present in the eross pollinated varíety. Íl con-

posite sampLe of pollen was collected and applied to the stig-

mas of tProllfíe' in the samermanner as was done for the tri-
ticaLe production. A composite sample of equal quantitles of

seed from each of these 20 crosses was used for the progeny

tests.

Experiments and Analyses

The plants were grow:l in four experiments. The pl,ants

in two of the experiments were identieal inbred and top-cross

rye matería1 and were grown in the field and growth cabinet.

Hexaploid or octoploid trltieale lines in the remainlng two

experiments were grown in the growth eabinet. The linited
quantity of triticale grain in each line prevented trltieale

l?.:ì.:i:ì;:i;:a r:. --

l':ril ijili
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experj-ments from being eonducted in the field.
The rye line 'Snoopyr was not grown in eÍther rye

experiment beeause it was not inbred and was not used to pro-

duce top-cross rye. 'Snoopy' was grownr along with one inbred

and one top-eross line of ryer in a growth eabinet. It was

neeessary to obtain j-nformation about 'Snoopy' because lt had

been used as a parental rye line and. therefore must be ineluded

among any comparisons between parental rye lines and their tri-
ticale hybrids.

An analysis of variance was calculated on the data from

each eharaeter measured in the experiments with rye and tri-
tieale. A factorial anaLysis of varianee utilizlng repLicates

and treatments as factors was used for the individual pJ.ant

data of the rye experiments. [hree one-way analyses of var-

iance were used to investigate the tritlcale data. The first
one-way analysis of variance utilized the individual plant

data of the twenty-one hexaþLoid and twenty-seven octoploid

tritieale lines. The second one-way analysis of varianee of

the triticale data was based upon the mean of each tritÍcal-e
line with triticale families as the treatments withln the

anal-ysis. The third one-way analysis of variance utilizing
indivíduaL ptant data was conducted on the tilitieale lines
(family) at each ploidy tevel from each inbred line. A tri-
ticale family was eonsidered to be those lines of tritieale
originating from a common set of wheat and rye parents.

Correlation eoefficients were calcuLated for the inbred

and. top-eross rye lines between the different environmental
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conditions. Correlations for both ínbred and top-cross rye

lines between replicates L and 2 of the growth cabinet experi-

ment were correlations between similar growbh condítions.

lhese eorrelations were based upon the mean of each line in
each replicate" Thus the vaLues used for the correlatíons

were each a mean of 15 measurements. A second set of correla-

tions for both inbred and top-cross rye lines between the rye

experiments in the field and the growth eabinet were between

different growth eonditi.ons, These correlations were based

upon the mean of each inbred or top-eross rye line in the

respective experiment. The means of the rye lines from the

growth cabinet were based upon J0 measunements and the rye

lines from the field were based upon a maximum of 64 measure-

ments.

Correlation eoefflcíents were ealculated between the

inbred and top-eross l-ines of rye for eaeh eharaeter in each

of the two experiments (field and growth eabinet). The anaLysis

was based upon the mean of the lndividual plant measurements

wlthin each line df rye for the respective experiments.

Correlation coefficients were ealeulated among each

paír of characters measured for the lnbred and top-cross ryes

grown in eaeh experíment as well as for the hexaploid and octo-

ploid triticales. fhe anal¡rses utiLized the mean of the indi-
vidual plant measurements of each rye or triticaÌe line ln
eaeh experiment.

.);:.:..



L+2

Pl"ant Characteristics Measured

The following characters were used to assess the plant

material studied in each experimentr

l. The number of days to headÍng.

2, PLant height (cm).

3, Length of the flag leaf (cm).

4, The nunber of spikes per plant,

5, Length of the first spike (em) to emerge above the

flag }eaf.
6, The number of florets on the first spike to emerge

above the flag leaf.

7, the number of fLorets per cm as cal"culated from the

measurement of spíke Ìength and the number of florets per spike'

This is a criterion of spike density.

8. The nunber of kernels per spike of the first spike to

emerge above the fLag Leaf.

9, Fertil-ity as ealeulated from the number of kernels per

spike divided by the number of fLorets per spike.

L0, Grain per plant (gm).

11.. Dry weight per plant as the

oven dryíng the above-ground portion

l..2, Harrrest index as calculated

per pLant divided by the dry weight

13, Kerne1 weight as the weight

14. Straw and grain protein as a

¡nination multipLied by 5.? on a 0,0%

posite sampl-es.

weight in grams after
of each plant.

from the weight of grain

per plant.

of two hundred seeds (gm).

KjeldahL nitrogen deter-

l;-.ìii::.

moísture basis
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Growth Oonditions

The rye experíment grown in the fleld (lnbred and top-

cross rye lines) contained eight replieates with eight measured

pLants in each row. The rows were 30 cms. apart with IJ cms.

between plants within the rows. Each replicate contalned one

row of each inbred and top-cross Line. [he experínenta]. rows

were alternated with the rye cultivar 'Gazelle' to provide a

uníform set of environmentaL eonditions within thís experiment.

The measurements of the standing plants were taken about one

week before harvesting.

Plants of the second rye expdriment plus the triticale
experiments were each grown under identical plant arrangements

and growth conditions in a growth eabinet. The seeds were ger-

minated in pLastic boxes and transpl-anted to the growth cabinet

at the ]-2 leaf stage. Three'plants were assÍgned randomly to

eaeh of the six-inch clay pots except that not more than, one

plant from each line was planted in eaeh pot. FertiLization

and^ other eultural practices were kept uniforn between elperi-

mentsr :

The second rye experinent contained fifteen plants of

each of the nine inbred and top-cross rye l-ines. the plants

were growre in a growth cabinet (repl,ieate L) and then repeated

in the same growth eabinet (replicate 2) to give a totaL of 30

pla¡ts in 2 replicates. The plants were removed from the

growth cabinet after 72 days for replieate 1 and fl days for

replicatê 2,

The tritieale experiments contalned 21 hexaploid

-;:ç:; ..

;1 1 -r:
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tritieale lines in one cabinet and, 2l octopLoid triti ea',Le

lines in a second growth cabinet. The 2l- lines of hexapLoíd

triticale, derived from seven rye línesr were each represented

in the experinent by 14 plants. The 2l lines of oetoploid tri-
ticaler derived from five rye linesr were each represented by

10 plants. The plant of both experiments were removed from

the growth cabinet after f ll days. -

The growth eabinet was maintained under identical con-

trot settings for each of the three experiments and was()operated

in a manner to si-mulate natural growing conditions. A,:rnight

temperature of 1Jo0 was inereased hourly for ó hours untiL

reaching zOoC whieh was maintained for 6 hours. At night the

ternperature was lowered ín an identieaL stepwise fashlon fsllowed

by 6 hours at l5oc. After 6 hours of darkness at 1509, lights
were automatically returned to full illunination (2200 foot

candles) in three stages. Si,mílarly, after 14 hours photoperiod'

íllumínation was reduced to zero through the same three stages.

The plants were removed fron the growth cabinets when

they had headed and the grain of the earl-iest spikes was begin-

níng to rípen. Just prlor to their removal from the eabinet

the fol-lowing measurements were takenl plant height' flag leaf

length, number of spikes per plant, spike length, and number of

fLorets per spike. The plants were placed ln the greenhouse

where watering was contlnued for two to three weeks befone

drying and harvesting.

The splkes and straw

dried for two daYs at ¿+0oC.

were harvested se-paratel-y and oven-

Ðry weights and kernel number Per

.:J.

-:{,

i :-:.
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spike were reeorded after which the material was threshed and

grain weight per plant was taken, Plant and grain santpLes were

analysed for nitrogen content using the Kjetdahl technique'

Samples used for kernel weíghtr straw and grain protein were

composites from several plants within each treatment. fhe

same pLants were used to contribute the sample for each of the

three neasurements taken from eomposite material.



RESUTTS

The results have been arranged in four major sections.

The first section contains the information acqufred from syn-

thesis of hexaplold and octoploid tritieale. The second see-

tíon contains the inforrnation obtalned from grass dwarfíngr

pericarp eolour, and 'Snoopy' rye. The third section contains

al-I of the eaLculations perforned on the rye data, The fourth

section contains information acquÍred fron the experlnents

with hexaplold and octoploid trlticale.

Synthesis Teehniques

The hexapLoid triticale was prôdueed from the tetraplold

wheat eultivar 'Jori'. Qnly a few splkes of eaeh wheat-rye

cross were necessary because of the excelLent degree of suecess-

ful pol-lination (fanle Z¡. By the tenth day after pollinatíon

the developing seeds appeared large and heal-thy and had appar-

ently reached their maximum development in vÍ-vo by that time.

An average of 11.8 embryos per spike were excised. These. ,

embryos vüere all very poorly developed and usually appeared as

a round mass of eeIls. The eighteen-day old seed qulte often

eontained a watery solution giving the seed a healthy appear-

ance even though the embryo and endospern had not developed to

a stage comparable to that of normal wheat or the wheat-rye

embryos from 'Sonora 64'. 0n1y a few of the embryos deveLoped

into seedllngs wíth 6% Ptoducing matr¡re plants and 2/" producing



TABLE 2. Resùlts of crosses between tetrapl-oid wheat eultivar, 'Jori', and
fourteen rye lines.

Rye
Line

L99

2L3

2??

rg4

2D82-55

100

106

t95

220

tsnoopy t

24L

385

3t+4

2D82 Self

Total

Spikes
Crossed

6

9

2

B

6

I
7

6

6

3

6

I
5

5

Enbryos
Cultured

62

t3?

1B

114

82

9o

95

96

99

40

65

94

75

6T

1128

Triticale Hybrids
, A,s Percentage

Number of Embryos

';.i;,:,

2

5

6

5

5

11

5

10

6

B

1

0

6

3

I
fertile

3

4

33

4

6

L2

5

10

6

20

¿

0

8

5

Amphidiploids
As Pereentage

Number of Embryos

95

0

4

I

3

I
2

2

2

4

5

0

0

0

I

0

BO

L7

60

20

1B

40

20

6Z

63

0

0

0

33

7) 25

{-\)
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..irii:



TABLE 3. Results. of crosses between hexaploid wheat cultivar, 'sonora 64', and
fourteen rye l"ines.

Rye Spikes
Line Orossed

L99 9

?-L3 4

2?7 9

rg4 L2

?Ð82-55 L9

100 11

106 11

t95 t5

220 14

'snoopy' I0

24L 5

385 18

3.4t+ 10

2Ð82 self fertíle 4

Embryos
Cultured

94 38 (2 ilL 40

22 11 50

82 64 ?8

43 18 42

90 66 73

107?o
39 L2 3L

32 ?9 9r

L6 r,1 69

25 L9 ?6

11655
L34 o(82) o

3725
18 16 (g) 89

fritieale Hybrids
As Pereentage

Number of Embryos

fotal

1/ figures
addition to the

. :1: lf:ii

, ,:.1 '

AnphidiploiCls
As Percentage

Number of Hybrids

151

10

2,

3

5

1t

0

0

t
4

B

0

0

0

I

in parenthesis indicate
normal Plants.

26

I8

5

28

T?

0

0

3

36

42

0

0

0

6
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arnphidiploids

A larger number of spikes from the hexaploid wheat

cultivar 'Sonora 64' was crossed in eomparison to the number

of crossed spikes on the cultivar 'Jori' because of the lower

number of embryos produced (average 4' J per spike). Al-I

embryos were large and well developed and consequently theír

rate of germination on the agar was high, Forty-six percent

of the embryos eultured reach naturity but only 7% produced

amphidiploids (taOle 3),

A O.l/o solutlon of eolchicine applied independentlyi;cif

the surfactant d.oubled the ehromosome number in 9 of 31 plants

Ggf,) of the 'Jori' X rye crosses, while eolchicine + dimethyl

sulfoxide doubled the chromosome number íri 6 of 2J plants (26%)

(fa¡te 4). In the cross 'sonora 64' X rye, colehieine alone

doubled L9 of l36 plants (Lt+í") while eolehicine + dinethyl

sulfoxid.e d.oubled I? of ].26 plants (L3%)' The addition of 2.0/o

dÍmethyl sulfoxide to O.Lfo colchicine was no more effective

than O,l% cotchicine aLone in producing amphidlploids in either

cross using the teehnique employed in this study.

Grass Ðwarfingr Pericarp Colourr and 'snoopy' Rye

1. Grass Dwarfing

Grass d.warfs were observed in the progeny of three

crosses involving 'Sonora ó4' (fa¡te 3). The hybrid embryos

which were grass dwarf gerninated normally ín vi.tro. At the

2- to 3-leaf stage, the seedlings began to exhibit grass dwarf

eharacteristics. Growth became very slow and only a small
:.ir!r:ì
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TABLE 4. Cornparison of aqueous colchicÍne solution versus
aqueous colchicine soLution plus surfactant (dinethyl
sulfoxide) on the doubling frequency of tetraploid ánd
hexaploid wheat-rye hybrids.

0.1 eolehicine

Cross Plants Plants Pereentage
Treated Ðoubled Doubled

50

'Jori' X diploid rye l-ines 31

'sonora 64' X diploid

29/"

L4/,rye Lines 136 t9

O.I% colehícine +
2.0% dimethyl sulfoxide

Plants Plants Péreentage
Cross Treated DoubLed Doubled

'Jorl' X diploid rye lines 23 6 26%

, 'Sonora 64' X diploid
, rVê lines L26 LZ Lt%
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rosette of leaves was produced regardl-ess of whether the

plant was left on the agar or transplanted to soll. None

of the grass dwarfs produeed grain although several plants of

the eross of 'Sonora 64' with the self-fertlle 2D82 received

an application of eoLchieine and reached naturity. No evi-

dence of grass dwarfing anong hexaploid triticales or inbred

and top-eross ryes was obtained. A Chi Square test lndieated

that the ratios of normal and dwarf hybrids from the crosses

fsonora 64' by 2Ð82 self-fertile and inbred 199 could fit a

1¡ I ratio,

2. Pericarp Colour

Three lines of inbred rye which possessed a purple seed

colour (lines I94, 100' and 106) were used throughout the

study. Visual examination showed that the purple colouring

was confined to the pericarp. There was some variation in the

intensity of the purple colour in the rye lines but.,rpurple and

non-purple phenotypes were readily distinguished. All of the

lines lacking a purple pericarp remained IOO/' non-purple during

inbreeding, top-crossing, and synthesis of tritieales.
Inbred line 10ó consistently produced seed throughù;the

54 and out-erossed generations with a purpl.e periearp but

inbred lines 194 and 100 produeed non-purple segregatês, ALt

of the top-cross plantsar,and hexaploid triticales produeed

using pol}en from 53 plants of inbred 106 produced seed with

a purple pericarp, The elassifieation of the purple versus

non-purple colour in rye experiments was based upon graín from
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S4 plants (tatte 5). In all of the cases where the grain was

from inbred parents a ratio of 3 purple ¡ l- non-purpíe ras

found. In 3 of the 4 top-crossed populations' the results

fit a L¡l ratio (taute 5),
The three hexaploid triticale faniLies synthesized

from inbred rye with a purple pericarps contained coloured

grain. The two hexaploid triticale famiLies from each of the

inbred rye lines, 100 and 106' produced uniformly coloured

grain. [he three hexaploid triticale lines within the farnily

from inbred rye l-94 exhÍbited variatlon in the colour inten-

sity. The colour intensity varied within and between the

three hexaploid triticale línes. There was no suggestion of

a definite inheritance pattern within hexapl-oid tritical-e from

inbred rye Line :"94.

The only octoploid trítieales produced from a purple

pericarp rye were from inbred L94. All five of these triti-
cale lines failed to exhibit purpLe pericarp.

). tSnoopyt Rye

Since the rye line 'snoopy' was not inbred and there-

fore was not used to produee top-eross ryer j-t was excluded

fron the rye experinents in the growth cabinet and in the

fieLd. However, it was utilized to produce amphidiploids at

the hexaploid and octoploid levels. Plants from the rye line

'snoopy'were grown in a growth cabinet to generate date for

comparisons among parental rye lines, Plants from inbred

llne 2Ð82-55 and top-cross line 194 were grown with 'Snoopy'

L::: .
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TÂSLE 5. Segregetion
rye lines L94 and
experÍments.

pattern of pericarp colour in inbred
L00 in the growth cabinet and field

PurpJ.e Non-purpLe Ratio Px.2

Inbred

Growth

Fiel-d

Rye 194

Cabinet 237
48 L5

0.0¿l o .go-0 .7 5

o. oll a ,go-o.7 5

o.76 o,5o-o.25

L.86 0.2J-0.Io

0.31 O.75-0.50

11.00 0.05-0.025

O.13 Q.75-9.59

o.56 o.5o-0,25

3rL

3tL

3¡t
3rl

1¡L

L¡L

L¡1

L¡I

Inbred Rye 100

Growth Cabinet

FieLd

Top-Cross Rye 19ll

Growth Cabínet

Field

Top Cross Rye l0O

Growth Cabinet

FieLd

5

L0

23

l+8

16

llo

13

24

16

35

14

29

;ar:.t
: : Ì: 
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to determine if the 'Snoopy' data could be ineluded with the

inbred rye data from the growth cabinet experiment. The num-

ber of observations and means of eaeh of the fifteen eharaeters

frorn these three lines of rye are presented in Appendix V. At

least half of the character means for inbred 2Ð82-SJ and top-

eross Lgl4 listed in Appendix v fall between the corresponding

means in replicates I and 2 in the growth cabÍnet experinent

with rye (Appendix II). lherefore, the means of the fifteen

plant characteristics from 'snoopy' rye were included with

the means from the other parental rye lines grown in the

growth eabinet, These combÍned data were used to determlne

the correlation coefficients among the plant characteristics

reported l-ater in this studY.

Interrelationshlps Among Rye Lines

1. Varlance Components

Inbred and top-eross lines of rye were grown in two

replieates in the growth cabinet and in eight replieates in

the field. IndivÍdual pJ.ant measurements were taken for eaeh

plant in the growth eabinet and on eight plants from each

treatment in the field. Approxinately hal-f of the characters

of inbred and top-cross rye shifted ín their values between

the growth cablnet and field experiments (Appendices I and II).

The number of spikes per plant, fertility' gråin per plant'

and dry weight per plant were the charaeters:rmost drastieally

affected. by moving from the growth eabinet to the field

environment. Factorial analyses of variance were performed
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using individual plant data for each character to give a

measure of the genetie varlabiLity among the inbred and top-

cross lines (ta¡tes 6 to 9 inclusive). The number of obser-

vatlons and the mean of eaeh treatment for the rye experS.ments

are presented in Appendiees I and IL
The results of the factorial anaLyses of variance

indicated that there was a signifícant dífference among the

lnbred lines of rye in the growth cabinet and in the field for

each of the charaeters (ta¡tes 6 and 8). Top-cross rye in the

growth cablnet experirnent did not contain any lines which were

significantty different from the rest of the lines for the

charaeter of plant height (taUle 7), The results from all of

the other analyses of variance using individual plant data

from top-cross lines of rye indicaùed significant differenees

among the }ines of rye (tables I and, g),

The results of the factoríal- analyses of variance for
the replications in the rye experiments (raUtes ó to 9 inclu-

sive) ündíeated a significant differenee between replieates

for approxirnately haLf of the characters. Two aspects were

considered when conductlng replicate analysesr (1) uniformity

in the significant and non-significant replicate F-test values

within each of the inbred and top-eross rye lines in the two

environments, and (2) unÍformity within each of the field and

growth cabinet envj-ronments for the rye lines.
Observations concerning the first aspect il-lustrated

that the rnajority of the inbred rye characteristics contained

significantly d.ifferent replicates for each eharacter in only
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TABLE 6. Mean square values and signifieance from the
analysis of variance of fifteen plant characteristics
for the iqbreA ryg lines in the growth cabinet experi-
ment. -

Character Cabinet Line Interaetion Error

1 Days to Heading L02.74 ?7l-,68** 20,5L 29,55

2 Plant Height l?36.60* ?59,89x ?68,Q4x 334,t+L

3 FIag Leaf Length 105.40råìr 82,7gxx 2o.83xx ?.25 i,,,;,

4 Spike Number 41.50** 3? .sgr'x 5.1+g 3.95 
.':':'

': . - .

5 Spike Length 9,32xx 26.27xx 3.01 L.35 ;,.,''

6 Florets/spike 646 .98*x r55L.36xx 88 ,?6 7 5 ,20

? Floret s/em O.9l+ 7 ,1.7xx 0.96 0.7L

B Kernels,/Spilce L499.fQ*x 1320.47xx 1.60,25 98.I0

9 Fertility o,36xx 0.41** 0.03 0,03

LO Grain/Plant ?,39+-* 3.??** 1.10 Q.64

11 Dry Weight,/Plant 4O.4Bx* 35.58oo ?.?3 4,?5 
;

LZ Harvest Index O. 03 0. I3x* 0.01 0.01 
I

13 Kernel Weight l4.73xx 2.81x'* 0.4& 0.22 
i.:i,:

L4 Straw Protein 2. 80 9.5loo I.53 0.?2 . ,,

ú Grain Frotein 28,93xx 13,40x* 2,g8l- 1,25 i-"

r+ signifieant at the 5% leve:-.
trr+ significant at the I% l-evel-

l. !:r:;ì,

56

l:r ::
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ÎABLE ?, Mean square values and significance from the analysis
of variance of fifteen plant characteristics for the top
eross rye lines in the growth cabinet experiment.

Character Cabinet I.,ine Interaction Error

1 Days to Headlng

2 PLant Height

3 Fl-ag Leaf Length

¿+ Spike Number

5 Spike Length

6 r'lorets,/Spike

? Florets,/ern

I Kernels/spire

9 Fertility
IQ Grain/PLant

11 Dry weight,/Plant

12 Harvest Index

13 Kernel Weight

1¿+ Straw Protein

L5 Grain Protein

47,19

29lZ. LJxx

g?,L600

420.66*x

2.35

Lt+92.93"-*

? '28*x
I568.18**

0.08

0.22

32.87

0. 021s

L2,62xx

2J,34xx

L. 93

?7 ' oSoo

r22,24

26,2L*-*

lP.5gxx

9.72lÉ

)? 3,6000

1. 76x

66L.1+9xx

0.18**

16.78x*

5L,97xx

0' 03xx

1,45**

5,1+5**

3 ' 36oo

?.18

3r3.70

2Q.5Lx

2,50

1.04

L23.71

0. 30

L03,6?

0. 01

2,56

l-5,6?

0. 0l_

0,29

L.42x

0. g0

25,92

L86,74

I0.12

5,32

1.58

?8,49

0.82

gl+.?2

0.02

3.25

16.18

0.01

0,?4

o,6l+

0.64

rf significant
rå{+ sígnificant

5/'
L/,

at
at

the
the

level
level



TABLE B, Mean square values and signlficanee from the analysis
of variance of the twelve plant characteristics on which
individual plant data we.Fe':recorded for top-cross rye lines
in the fíeld experiment.
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Charaeter Replicate Line Interactlon Error

I Days to Heading

2 P1ant Height

3 Flag Leaf Length

4 Spike Number

5 Spike Length

6 Florets/sptke

? Florets/em

I KerneIs,/Spilte

9 FertilitY
10 Grain/P1ant

IJ. Dry weight,/PLant

12 Harvest Index

161.34**

LZL3,42xx

g. 86

109.82xx

2,95

27,36

0. Pl¡x

318. 01

0.11

JO,32xx

537 , Jzxx

0,02+-x

404. ?9*x

731I.95*x

9l.' OZxx

287.02**

18. 99*x

I?78.48r+*

6.47xx

2939,73#*

0' 87xx

68. 9gx*

1358.35l**

0.12r$n

4? '79x
27 5,37

10,47

40.91x*

r,82

64. 00

0.38

2O3.Lg

0. 07

r?,61

222 .4I
0.01

?3,56

226.09

8.63

2L, T5

2,60

61.88

0.45

189.18

0. 06

14.87

l.þ?,92

0. 01

* significant
rÊ* significant

5/"
L/"

at
at

the
the

Level
level

..r:
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IJ-.-..!-! ¡

1,

:

TABLE 9, Mean square val,ues and significanee from the
analysis of variance of the plant characteristies on
which lndividual plant data were recorded for top-
eross rye lines in the field experiment.

Character Replicate InteractÍonLine Error

I Ðays to Heading

2 Pl,ant Height

3 Flag Leaf length

4 Spike Number

5 Spike length

6 F}orets/spike

? Florets,/cm

8 Kernels/spike

P Fertility
LQ Grain/Plant

11 Dry Weieht/Plant

LZ Harvest Index

55 '64xo

3L2,o7xx

2L,g?

LQQ.7 5xx

6,2L**

84,93

l.56xx

208.29

0. 03

?IL,54xx

1113. 00rt

0. 02lr*'

79.95**

J96.79xx

J2,89xx

LTJ,I5X*

7.93rf*

¿+11.63xx

l-'92xx

Lg?L.38xx

0. J4x*

)A2.Jgxx

1338,25xx

0.03**

24,02rÉ.*

r52.36

7.89

3L.?6

1.84

38,44

0. 43**

157,09

0. 05

80,29

414. 02

0. 01

g.2g

t06,57

LO.9?

34.07

2,05

l+9.12

0.33

L32.29

0.03

72,45

479,42

0.004

+$ significant
{srå significant

at the 5%at thre..L%
level
level

l.t;.:.I
t.
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oneoftheexperiments(fie1dorgrowthcabinetlTab1es6
and 8). A similar situation existed for the top-cross rye

lines (tabtes 7 and 9). The lines of inbred and top-cross

rye were significantly different in both experiments for
,,...,-,

plant height and spike number per pLant. Howeverr these were

the only characters which expressed such uniformity in their

sensitivity,to the envíronment. 
, ::ì

gbservations concerni-ng the second method illustrated ,';.,.,

that the presence of a significant or non-signíflcant F-test 
,,,,:..

for replicates was consistent for ínbred and top-cross rye

lines in the field experiment (fables B and 9). 0n1y spike

length failed to produce a consistent replicate F-test result'

Thus, ln the field experiment both inbred and top-cross rye 
I

I

lines react in a simiLar fashion to the differences between 
I

replications. The genetical factors of the pl,ant eharaeter- ''

istics sensitlve to slight environmental changes were present 
l

in both inbred and top-cross lines of rye. The results of

these analyseS of variance indicated that flag leaf length, 
,,,,,,.

florets per spike, kernels per spike, and fertility were,not 
,,,,,,

sensitive to the environmental differenees between the repli- "'"'

cates of the field exPeriment.

Observations concerning the second aspect did not

i1¡¡strate the same uniformity of the rep}icate F-test values Èl,l

in the growth cabinet experirnent as was the case ín the field

rye experinent. The lnbred and top-cross rye lines in the

growth cabinet experiment (gaOtes 6 and ?) did not contaln

any uniformity between the F-test values for inbred' and 
,.ìr..i:;i::ã:



top-cross rye lines.
The interactlon between replicates and lines of rye

were significant for only a few characters (Tab}es 6lto 9

ineLusive). The charaeters which contained signifieant inter-

actions were not consistent between growth cabinet and field

conditions or between ínbred and top-cross rye.

The rnain points from these analyses of variance are!

(1) The results of the F-test revealed significant differ-

ences among the lnbred and top-cross lines of rye for the

eharaeters measured. Thus, there was genetic variation among

all of the eharacters in inbred and top-eross rye which would

prove beneficial in selection for these characters. (2) The

same charaeters of both inbred and top-cross rye were genet-

icaLly sensitive to envíronmental differences between replica-

tÍons of the fíeLd experiment but not the growth cabinet

experiment, (3) ffre response to the environmental dlffer-

ences between replicates was generally the same for all inbred

and top-cross rye lines. This was indicated by the lack of a

significant interaction between Lines and repl5.cates.

2. Correlatíon Between Environments

These correlations were calcuLated to determine if the

inbred and top-cross îye lines maintained a eonsistent orderr

relative to one another, when grown ln dífferent environments.

The results have been divtded into two sets and the correla-

tion coefficients are presented in Table 10' The first set

shows the correlation for the inbred an¿ top-cross rye lines

la.;1.];tr" irt;:iÌuilll:iai:;t;Ì¡iF-;ii-:;j-a:;J-:¡.'-l.i^:.-'.-:.-ií':ì
l.: _. :'r :1 1

6L:

i-'.'--l:.-...
l-: Ì.a:.. ::!
l::iii:ì:r::
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T.ABLE l-0. CorreLation coefficíents between growth cabinets- and between growth cabínet and fieLd experiments for
the inbred and top-cross rye línes.

Differe{rt Envirorments Simil,ar Engironments
L/ ?/ 3/ t+/

I
2

3

I+

5

6

7

I
9

10

11

L2

L3

llr
L5

Days to Heading

Plant Height

Flag Leaf tength

Spike Number

Spíke tength

Florets,/Spike

FLorets/ern

Kernels,/Spike

FertíLity
Grain/Plant

Dry Weight/PLant

Harvest Index

KerneL Weight

Straw Protein

Grain Protein

o.I+5

o.L+2

O,7l+*

o.¿ll+

o,6g

0.80**

o.76*

o,72*

0.72*

o.50

o.ll8

0.8órer$

o"9o**

o"25

0.50

o.69*

o.4g

o,26

0. Lg

o.l+g

0.89**

o,65

0.87**

o'91**

o.62

O,Lþ5

o'74**
0.83**

oo 9Loo

0.34

O,99xx 0.83**

-0 .01 -0.llll
0.6L o.Lz

o.? 5* 0. Borl.n

o.7g* 0.58

0.89** o.55

o.77x 0.28

0. B3** O.?ll'*

0"88** o.g2oo

0,?6* 0,76#

o.72* O.55

0.91** o.73*

O. BZ** A.7l+*

0"gL** 0.69x

0.611 0 . 59

l/. ínbred rye of growth eabinet versus inbred rye of fíeld2/ top-srosÈ rye óf growth eabinet versus top-s"o"s rye of
field

3/ inbred rye of replieate ]l versus repJ.ieate 2 of growth
cabinet

t+/ top-eross rye of replieate L versus repJ.lcate 2 of growth
cabínet* significant at the 5fr LeveL*{Í slgnifica¡rt at the L/" leve1
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grown und.er different conditions (growth cabinet and field).

The second set of correlations was between similar growth

conditions (replÍcate I arrd 2 of the growth eabinet experi-

ment ) .

The nunber of kernels per spike, fertility' harvest

index and kernel weight were the characters for which both

inbred and top-cross rye lines were correlated in sinilar and

different growth eond.itions, The relative order of the r¡re

lines for these characters was not altered by changing the

envlronment. At the other extreme, the rye llnes were not

correl-ated for pLant height or grain proteln between any

environments. Of the remaining 9 eharactersr three were

correlated for 3 of the 4 comparisons (fa¡l,e 10). Days to

heading and straw protein were correlated under similar growth

conditions. However, these two eharacters were not correLated

for inbred rye línes under different growth conditions. The

number of florets per spike was not correlated for top-eross

rye lines in símilar growth conditions, The remaining 7

eharaeters were eorrelated for only 1 or 2 of the comparisons

(raute 10).

fhese caleulations illustrate the relative stability

of the characters of inbred and top-cross lines of rye grown

under different environmental conditions. The results ean be

used as an indication of the degree of control over growth

cond.itíons required for the índividual character to insure

consistent data between replicates and experiments.

i.::i:r'r'..ir

i.r.+1:i:11li?rl
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3, CorreLations Between Inbred and Top-Cross Rye

The relationship between inbred and top-cross rye for
the individual characters was deternined by correlation studies

using the inbred and top-cross Line means from the growth

cabinet and field experi-ments, The data in.Table 11 illus-

trate that a positive correlation existed between the inbred

and top-cross lines of rye growrr in the field for twelve of

the fifteen characters. Days to headingr ptant helghtr and

florets per em were not correlated between inbred and top-

eross rye lÍnes. Similar eorrelation coefficients from the

growth cabinet were smaller and thus eontained fewer slgnifi-

cant eomparisons (fa¡te 11). Howeverr the correLation coeffi-

cients between inbred and top-cross rye llnes in the growth

cabinet experiment were of the same relative size as those ln

the fleld experiment. Therefore, the phenotypic expression of

the majority of charaeters among lnbred lines of rye was

expressed among top-eross lines of rye.

4. Coryelations Among Characters of Inbfed Rye

The correlations caleulated among the fifteen charae-

ters measured on the lines of inbred rye grown in the growth

cabinet and in the field were based upon ther.,rrneans from eaeh

inbred líne of rye (Appendices I and II). The eorrelation

eoeffieients from these calculations on lnbred rye are pre-

sented in TabLes 12 and. l-3,

lhe significant negative correlation coefficients among

the eharacters measured on the Lines of inbred rye invol'ved
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T4BLE IL. Correlation coefficients between inbred and. top-
eross rye l-ines grown in the growth cabinet and f,ield
experi.ments.

Character Growth Oabinet FíeLd

I þays to Heading

2 P1ant HeÍght

3 Flag Leaf Length

4 spitce Nr¡mber

5 Spike Length

6 FLorets,/splt(e

f Florets/cm

I Kernels,/spíte

9 Fertility
10 Grain/Plant

11 Dry Weight/Plant

12 Harvest Index

LJ Kernel/tfeÍSht

1¿Þ Straw Protein

15 Grain Protein

0.01

0.18

0.57

o.67x

o,66

0" 70*

O.5t+

0.86rf*

0,76''

0,74*

0.58

0.70*

o.62

0.81*rT

0.1+g

o. 30

o"2g

0.80{fn

o.7 5*

0.81**

o "93**
o.65

0.$I¡,ttrl

o' 78n

o ,-7u1',

o.72*

o'?Ut

o,77'É

0.70*

0.78*

rr signifÍeant** significant
at the 5fr f,.ever-
at the Ll6 I.eve],:

:-::i.i:
'1.: :-.:



TABLE 12. Slmple phenotypic correletlon coefflcÍents between pairs of characters for nlne parental rye lfnes grown fn the fleld.

CharacÈer

I Days to Headlng

2 Plant Helght -0.20

3 Flag Leaf LengÈh -0.17

4 Spfke Number -0.35

5 Sptke Length 0.51

6 Florers/Spike 0.28

7 Florets/cn -O.21

I KerneLs/Splke 0.05

9 Fertlllty 0¡01

l0 craln/PlanE -0. l0

1l Dry l{elghÈ/Plant -0.02

12 Harvest Index -0.14

13 KerneL l,letght 0.14

14 Stra¡¡ Protefn O.44

15 Graln Protel-n O.2l

0.00

0.84,1* -0.3f

0.09 0.30

0.20 0. 19

o.27 -0.05

o.27 0.58

0,14 0.37

0. 90¡t* 0.03

0.93:t* -0;20

-0. 17 0.64

o.29 -0.06

-0.28 0. r0

0.56 -0.40

* slgnfflcant at the 57" \evel
** slgnlflcant et the l% 1eve1

-0.08

0.00 0.84**

0.12 0.10

-0.22 0.39

-0.26 0.17

0.73* 0.26

0.89** O.22

-0.5r 0.16

0.24 0.17

-O.34 0.76¡t

0.50 -o.32

0.61

o.57 o.s:

0.48 0.6s

0.22 0.06

o ¿21 0.09

0.11 0.01

-o.2r -0.56

0. 82*'t O.37

-0.23 0.08

L0 1l

':i--ç::i

. ;.

L2

0. 87*'t

0.32 0.10

0.06 -0.05

o.72* 0.56

-0.13 -O.29

o.24 0.33

0.00 0. 12

l3 t4

0. 9l!t*

0.08 -0.31

0.58 0.45 0. 17

-o.27 -0.18 -0.02

0.43 0.58 -0.36

-0.30

0.07 -0.41

o\
(}r

-.ii



TABLE 13. Sfinple phenotypic correlatLon coefficienÈs beËween pajrs of characters for ten.parental rye llnes grovm ln the growth cabLnet.

CharacÈer

I Days to Headlng

2 P7a¡t Hetght

3 Flag Leaf LengCh

4 Splke Nunber

5 Sptke Length

6 Florets/Splke

7 Florets/ðrn

I Kernels/Splke

9 Fertfllty

l0 Graln/Plant

11 Dry Wetght/PlanÈ

12 Harvest Index

l3 Kernel, I,lelghÈ

l4 Strar¡ Proteln

15 Grafn Proteln

-0.37

-o.52 0.43

-0.37 0.801t* 0.tl

-o.72 0.27 0.71*

-0.52 0,27 0.43

0.06 0.13 -0.25

-O.74 O.57 0.66't

-0.76!, 0.54 0.62

-0. 40 0.7 4r, 0. 41

-o.24 0.75* 0.28

-0.74* 0.52 0.41

0.0s 0.00 0.00

0.59 -O.24 -0.36

0.40 0:03 O.L2

* slgnlfLcanÈ at the 5% level
** sfgniffcant at Èhe lZ level

0.20

o,27 0.83**

o.22 0.50

o. 31 0. 83*¡t

o.29 0.70*

0.74* 0.52

0. 86*,t 0. 38

0.43 0.59

o.28 0.07

-0.08 -0.2s

-0.09 -0.43

0.59

0.64* -0.02

0.36 -0.33

0.41 -0.o2

o.44 0.24

o.26 -0.35

-0.03 -0. t6

0.17 0.60

-o.49 -o.27

l0 ll

':¡ai
::: t..i :

;i i:i. i

12

0. 94*'*

0.60 0.58

0.39 0.30 0.93**

0.82** 0.92¡t't 0.71 O.44

-0. 14 -0. rl 0.56 0.55

-0.54 -0.74* -0.22 0.05

-o.47 -0.35 -0. 19 -0.06

¡
l
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-0.43 0.03 0.06
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days to headingr and straw protein and aLl oceurred ln the

growth cabínet experiment. Days to heading was negative cor-

related with spike length and kernels per spike. Both days

to heading and straw protein were negativeJ-y correlated with

the characters measuring the efficiency of spike and plant

graín produetÍon (fertility and harvest index). The results

from inbred rye in the field showed a positive correlatíon

between straw proteln and the spike charaeters of spike length

and florets per splke.

Plant height was positivety correl-ated with spike nun-

ber, grain per plant and dry weíght per plant among the inbred

lines in the growbh eabinet and in the fíeld experiments.

Flag leaf length was positiveJ.y correLated with spike

length and kernels per spike among the inbred Lines of rye ln
the growth eabinet. the field triaL díd::rnot contain any sig-

nificant correlations with flag leaf length.

The nunber of spikes per plant was positively corre-

lated with grain per plant and dry weight per pl-ant in both

experiments wÍth inbred rye.

The correlation coefficients in the growth cabinet

showed that spike length was positively eorrelated wíth

florets per spike, kernels per spike' and fertility. The

results of the field experiment showed a positive correLatíon

between spike length and florets per spike as well as the pre-

viously nentioned correlation with straw protein.

the nurnber of kerneLs per spike' fertilityr and har-

vest index vrere positively íntereorreLated for the inbred

i:ìt:i
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lines of rye grown in the growth eabinet, The field experÍ-

ment of inbred rye eontained positive eorrelations between

kernels per spike and the eharacters fertility and harvest

index. Grain per plant was positively correlated with dry

weight per plant in both inbréd rye experiments. The corre-

latlon between grain yield per plant and harvest index was

signlficantly positive only in the growth eabinet experi-ment.

The small number of parental lines of rye meant a high

correlation coeffícient had to be obtained to indicate sig-

nificance (field experiment r=0,6?t growth cabinet r=0.63),

These high values allowed only a few comparisons to be desíg-

nated as significantly correlated, The strength of the cor-

relations was greatly increased by the large number of obser-

vations in each of the means used to calculate the correlatlon

coefficient (fiel-d experiment maximum of 64 and growth cabinet

maxímum of 30). The eorrelations wère also strengthened by

the similarity in the results between the two experlments with

inbred rye.

5. Correlations Among Characters of Top-Cross Rye

The correlations calculated among the fifteen charac-

ters measured for the top-cross lines of rye were conducted

ín the same manner as those on the inbred lines of rye. The

correlatíon coefficients for this experiment were based upon

the overall mean of each top-eross rye l-ine from the growth

cabinet and field experiments (TabLes 14 and 15).

The significant negative correlation eoefficients among

i.:il'



TABLE 14. Stmple phenofypLc correlation coefflclents betr¡een palrs of characters

Character

I Days Èo lleadLng

2 Plant lleight

3 Flag Leaf Length

4 Spike Number

5 Sptke Length

6 Flolets/spfke

7 Florers/cru

I Kernels/Splke

9 FerÈfllty

10 Grafn/PlanÈ

l1 Dry l,Ietght/Plant

12 Harvest Index

13 Kernel WelghÈ

14 Stresr ProÈeln

.15 Grain ProteLn

-o.62

0.08 0.08

-'0. gOo* 0.68't -0.33

0.42 0.03 0.45

-0. 19 0.43 -0.04

-0.68* 0.54 -0.48

-0.04 -0.08 0.09

0. 04 .:o.23 0. 17

-0.40 0.70* 0.13

-0.56 0,87** 0. 19

-0. l0 0.32 0.10

-0.12 0.62 0. 19

0.10 -o.37 -0.07

-0. 17 0.40 0.19

* signlflcant aE the 5% LeveL
** etgnlffcanÈ at the l% tevet

0.48

0.07 0.64

0.62 -0.15 0.6s

-0. l1 0, l8 0.33

-0.17 -0.01 0.00

0.56 0.06 0.34

0.70* 0.06 0.34

o.27 0. r0 0.27

o.42 0.04 -0.05

-0.39 0.29 0.37

0.06 0.19 -O.27

for nlne top-cross rye llnes grown Ln the fleld.

o.32

o.09

o.47

0.45

0. 35

-0.11

0.10

-o.23

ll

ii:ti:,,
;,i..

'I i:

0. 94't*

0.51 0.4r

0.18 0.06

o.77* o.72r.

-0.60 -o.62

-o.23 -0.35

-o.37 -0.32

14

0.92't*

0. 88,t* 0. 63

0.33 0.60

-0.68* -0.59

0. 06 0.24

-o.o2

-0. 58

-o.27

-0. 34

o.47 -0. 39

\t
o

ir

-l:
,'iìì

.:it
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TABLE 15. Sfmple phenotyplc correlatlon coefflcfents between palrs of characters for nlne top-cross rye llnes grovn 1n Èhe gro!¡th cablneE.

Character

I Days to Heafllng
I

2 PLa¡t Hetghi

3 Flag Leaf Length

4 Splke Nunber

5 Splke Length

6 FloreEs/Spike

7 Florets/cn

I Kernels/Sptke

9 Fertlllty

10 Graln/Pl-ant

l1 Dry Welght/Pl-ant

12 HarvesÈ Index

13 Kernel Welght

14 Straw ProteÍn

15 Graln Proteln

-0.30

-o.2r 0.05

-0;59 0.16 -O.42

-0.t+7 -0.29 0.53

-0.03 -o.12 0.57

0.t2 0.03 0.47

-0.48 -0.14 0.04

-0.43 -0. l1 -o.22

-0.57 -O.O2 -O.23

-0.53 -0.02 -0.26

-0,50 o.o3 | -0. t9

-0.04 0.29 -0.02

0.43 -0.19 0.02

0.64 0.09 0. 11

* sfgnlficanÈ at the 5% leve1 I

** signlflcanÈ aÈ the 1% 1evel

- 0.17

-0.34 0.63

-0.41 
.O.42

0.4r 0.61

0.54 0.31

0.87** 0.09

O.85trr< 0,10

0.71't 0.04

0.03 -0.41

-o.42 -0.08

-0.35 -0.50

..,J:l
.'l'j:

". ):tJ:l

0.80**

0.20 -0.02

-O.27 -0. 40 0. 89't¡t

-0.30 -0.35 0.61

-0.16 -O.22 0.55

-0.48 -0.51 0.70*

-o.47 -0.08 -0.66

0.54 0.36 -0.49

o. 14 0.34 -0.70*

10 ll

.,î|
rilii-;;l

l3

0.75:t

0.62 0.96**

0.90** 0.83** 0.66

-0.43 0.03 0.04

-0.73* -0.70* -0.54

-0.73* -0.37 -O.23

14

-0. r5

-0.84rt* -0.22

-0.61 0.44

--l i

' :;ij..:,Ì

,\),H

. : ii1l

iìi
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thecharactersl¡oftop-crossryewerewithdaystoheadingand
straw protein ln the field experiment. Days to heading was

negatively comel-ated with spike number and florets per em

among the top-cross rines of rye grown in the fierd. straw 
1.i,,,,,1,,protein was negatively correlated with grain per plant in the

field experiment. The growth cabinet experiment contained

negativecorre1ationcoefficientswithstrawproteinandgrain
protein. Straw protein was also negatively correlated with Í'.,"tt"

fertility, grain per p1ant, and harvest index in the growth :::,
:.::!..,.'::..

cabinet. Grain protein was negatively eorrelated with ker-

nels per spike and fertility among the top-cross rye lines in
the growth eabinet but not in the field. 

,

PLant height was positively correlated with spike num- 
l

ber, grain per pJ.ant ' and dry weight per pl-ant in the fiel-d

experiment, Plant height of the top-cross rye Lines was not

correlated wlth any of the characters in the growth eabinet. 
l

The number of spikes per pLant was positively eorrelated

with harvest index, grain per plantr and dry weight per pLant 
,..,,.,,,

among the top-cross rye lines grown in the growth eabinet. 
".,- 

:.:;,' , :,::

The positive correlation between spíke number and dry weight '":;":'::

per plant also existed in the fieLd experiment. The number

of fl,orets per spiks 1¡¡¿gr,ipositively correlated with the number

of florets per cm among the top-eross lines of rye in the ,,'1.,',',i,

growth cabinet experiment.

The number of kernels per spike' fertiJ-ity' grain per

plantr ârrd harvest lndex were generally intercorrelated among

the top-cross lines of rye growrt under growth eabinet conditions' 
i,,,,,..,.

i

i

l
ì :. j
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The only exception to the intercorrelations was the lack of

a significant correlation between kernels per spike and grain

per plant. Four positive correlations existed among these

four characters of the top-cross línes of rye grown in the

field. lhe number of kernels per spike, fertility¡ and har-

vest index were intercorrelated. Grain yield per pJ.ant was

correlated with harvest index in the field experiment. Grain

yíeld per plant was also positively eorrelated with dry weight

per plant in both experiments.

the high correlation coefficient (r=0.6f) required to

indicate significance dlctated that only a few compari.sons

were significantly correlated. These correlations were

strengthened by the large number of observations in eaeh mean

used for the calculations (field experiment a maximum of ó4

and growth cabinet a maximum of 30) and the sinilarity between

the fieLd and growth cabinet results.

Interrelationship Among Triticale Lines

I. Variance Components

The results from the three sets of analyses of variance

on hexaploid and octoploid triticale lines determined the

existence of genetj-c variation and its probable source. The

number of observations and the means of each treatment for
hexaploid triticale and octoploid triticale which were used

in the analyses of variance are presented ln Appendiees ITI

and IV.

i.
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the first one-way analyses of varianee was calculated

for individual characters of the twenty-one hexaploid and

twenty-seven oetoploid triticale tines (ta¡le 16 ), these

analyses of variance were based upon individual plant obser-

vations. The results of the F-test for all- eharaeters at both

ploidy levels indicated significant differenees among the lines

of tritieales.
A second one-way analyses of varianee was performed

between the tritieale families at eaeh ploidy level using the

means from each of the twenty-one and twenty-seven triticale
lines (ta¡te L?), The tritieale families at each ploidy level

originated from a different rye line. All of the eharacters

exeept grain protein eontained significant differences among

the seven hexaploid triticale famil-ies. By contrast' the

results of the octoploid tritieale indieated significant dif-
ferences among the five octoploid triticale fanilies for the

characters days to heading' plant height, and spike length.

The third one-way analyses of ¡¡aríance performed for

the characters was based upon individual plant observations.

However, the treatments were eomposed of the triticale Iínes

within each family at each ploidy level (Tables L8 and L9),

The results of these analyses of varianee lllustrate the var-

iatÍon among the trltieale lines originating from each rye

line. The hexaploid triticale farnilies from the rye lines'

'snoopy'¡ inbred 220, and inbred 1-94, contained signifieantly

different Lines for many of the eharacters measured (Table 18) '

The hexaploid tritical-e lines within the three rernaining

l:l

;.::,
i;i.lr',ï..
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TABLE L6, Mean square vaLues and significanee fron the
analysis of variance of the plant eharaeteristics for
the hexaploid and octoploid tritieale lines.

Character
Hexaploid
Tritieale Error

0etoploid
Triticale Error

I Days to Heading

2 Plant Height

3 Flag l,eaf Length

4 Spike Number

5 Spike Length

6 Florets/Spike

? Florets,/cm

I Kernels/Spike

9 Fertility
10 Grain/Plant

1l Ðry Weieht,/Plant

12"Harvest Index

L3 Kernel Weight

14 Straw Protein

L5 Grain Protein

456.08{sr+

1469,24xx

59 '48xx
24. 81**

2).92xx

?17,c.gxx

3'26xx

L469.l-6*te

0 ' 38xx

47,85xx

344.13x*

0. 19x*

7'3ooo

4.99xx

7,?Loo

8.02

L67.t+L

2l-,73

1.44

r, 5l
44,92

0.24

80, 11

0.02

?.?o

20.64

0. 01

0.30

0. 30

0.39

LL?,34**

7L9,56xx

38.10x*

11. 08{års

19. r9*o

380.17*x

4,67xx

2l+8,50**

O, 06rt.*'

1, 40r+*

39 ' sloo

0.02{T{s

11.58

86,32

13,87

2,78

1. 8l
46,97

0.50

40.96

0.01

0.30

9,L4

0.003

1. 13** 0.37

Hexaploid TríticaLe
0etopl.oid Triticale
It signiflcant at the**sÍgnificant at the

contained
eontained

5/, Level
L/o LeveL

1-4 pLants
10;:iplants

eaeh of 2L lines.
each of 27 lines.

1n
l_n

),i:::ì,:
!ì'i::_jì;
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TABLE I7. Mean square values and signifÍcance fron the
analysis of variance calculated on the means of each
l-ine for seven hexaploid and five oetoploid triticale
families

Character
Hexaploid
fritieale

0etoploíd
fritieale ErrorError

I Days to Heading

2 Plant Height

3 Flag Leaf Length

4 Spike Number

5 Spike Length

6 Florets,/spike

? Florets/cm

I Kernels,/SpÍte

9 FertilitY
L0 Graín/Plant

tl Dry Weight,/Plant

LZ Harvest Index

13 Kernel Weight

l-4 Straw Protein

L5 Grain Protein

95 ' oroo

233.50x*

9.84x*

4. BTxx

6,7gxx

158.66xx

0,64*x

2r?,94lr'

o. 06n

8. o5xx

74,59xx

0.03*

8.6 3x*

6,63xx

6.86

7 ,03

66,40

1.91

0.48

o,2g

7,87

0. 07

58,53

0.01

L,49

3.70

0.0I

L,52

Q.7 3

2,56

39 '68*
229,?6xx

2,31+

1.87

I0. J6**

46,70

o.93

47.99

0.01

0.2?

2,? 5

0.004

2.47

o,63

3,60

LJ.7I

43,27

4.08

o,97

2,lL

36,44

0.38

20.64

0,01

0.L2

4.r7

0, 002

2, 53

0.55

3, 50

i::::-'.:rt

:::::

Hexaploid Triticale
Octoploid Triticale
rÊ signifieant at the**significant at the

eontained
contained

J/' Level
l% l-evel.,

fanilies
fanilies7

5 ti :i.:í,
, -¡åt
! -r .::5: :;



TABLE 18. Mean square vaLues and sig¡ificance
characteristlcs for the hexaploid triticale

Character

I Days to Headíng

2 Plant Height

) Flag Leaf Length

4 Spike Number

5 Spike Length

6 Florets,/Spike

? Florets,/cm

B Kernel-s/Spike

9 Fertility
Lo Grain/Plant

11 Dry weíght,/Plant

LZ Harvest Tndex

13 Kernel Weight

14 Straw Protein

15 Grain Frötein

t/

73,9600

290,46xx

48. 31

L6,Lzxx

3' oloo

41.14*n

O.32xx

169L.94+*

0.43x*

6L.63*x

119.46**

0.16*n

5 ' o4*+

L,23x

!!.7$x*

Error

from the analysis varianee of the plant
data within each familY'

3.64

45,73

23,81+

2.79

0. 50

10.80

0.09

??.47

o.02

6.68

27.00

0.0I

0.14

0,24

0,11

?/

162,7¡xx

34L9.5i1*x

L2,37

0.48

2,35

90.52

r.02

24,99

0.01

0.11

0.71

0.04

0.15

3.41

2.26

!/ 'Jori I X Snoopy contained
2/ 'Jori I N, 2L) õôntained l-¿l

3;,/ 'Jori' N. 220 contained 14

Error

10,29

24t+,66

32.2L

0.50

2,03

87,43

o,62

48.77

0.01

0.19

2.49

0.01

0.13

0.66

0.3)

3/

11"8. 76xx

28,7r

LO,??

2.60

8.44**

278,7gl*x

0.31

366.62x

0.09x*

7 '36oo

39.19

0.06*r+

6,68xx

0.7 5

1.}7

Error

g,6r

r49.24

18. 11

1.41

1.6I

45.52

0. 16

92.77

o.02

"L.67

35.05

0.01

0,29

0.14

0.40

14 plants in each
olants in each of
btants in each of

of 5 lines
4 lines
4 llnes

*significant at the

**signlflcant at the

5/" ]-evel

V" Level \){



îABLE 18 - Concluded

Charaeter

I Days to Heading

2 Plant Height

3 Flag Leaf Length

4 Spite Number

5 Spike Length

6 Florets,/Spike

? Ftorets,/cn

I Kernels,/Spife

9 Fertility
10 Grain/Ptant

11 Dry Weíg;ht/PLant

12 Harvest Index

13 Kernet Weight

14 Straw Frotein

L5 Grain Protein

t+/

31. ó0x

168. t?

0.60

9 ' ozx*

5.??xx

2.79

2,3$xx

r?N+,g6xx

0.38xx

lL.6 8n

64,75

0.19xx

0.7 0

1.411É

6.350

Error

8. 53

r33.?O

19.01

1. r3

0.87

22. 50

0,15

LI',?,g!

0.02

),1+9

2T.?L

0. 01

0.42

Q,07

0,24

5/

2,L2

72.77

78.89

0. 00

r.25

L9,05

0.36

?a.60

o,02

0.09

0.06

0,02

0.30

o.I2

r.32

4/
5/
6/

'Jori' X 194 contained
'Jori' X 100 contained
'Jori' X 106 eontained

Error

12.10

400,2?

L9.35

o, 53

2.69

64.28

0.4r

90. þ7

o,o?

0,43

7.L6

0.01

L.06

0.46

L,57

6/

88.1l*

43.06

30. 56

O 14?

0. 01

rg7 , 04

2, o5*x

, 2.93

0. 00

0.u
0.24

o,02

0.2 0

0.00

0.42

14 plants in each of
14 plants ln each of
14 plants in each of

Error

4. 04

134.11

]..2.54

0.73

2,07

62 ,55

0. 15

95,Lg

0, 02

1.43

9.66

0,02

0.25

0.35

0,45

3
2
2

lines
lines
lines

'F significant at the
rsn significant at the

5/"
L/"

level
1evel

:..

{
oo
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i"",triticaLe families (fa¡le 18) contained significantly differ-
ent1inesforafewofthecharactersmeasured.Theseresù1ts
indicate that each rye line differed in lts abllity to produce

unÍform triticale Lines wlth the tetraploid wheat. The

results of the analyses of variance for the fÍve octoploíd ,r: .

triticale fanilies (taUle 19) eontrasted with the above results

for the six hexaploid triticaLe families. There was no

apparent difference in the abÍIity of the parental rye lines ':,'.i,,'

to produce significantly different triticaLe lines within eaeh

of the five octoploid tritieale families for the eharacters

measured.

fhe main points from these analyses ârê: (1) The

results of the F-test reveal-ed signifieant differences among

the hexaploid and octoplold triticaLe lines. The genetie

variation would aLlow selection for these characters among

the triticale lines, (? ) fne resuÌts of the F-test of the

second set of one-way anal-yses of varianee índicated that some

of the variation among the individual- lines of hexaploid tri-
tícale was due to the variation among the parental ryes. This

observation was not generally present arnong the octoploid tri-
ticales, (3) rne results of the third analyses of variance of

the hexapl-oid triticale illustrated the different degrees of

variation which had been present in the different parentaL

ryes. This observation was not present among the octoploid

triti cales.



TABLE 19, Mean square.;values
plant charaeteristics for

Character

I
2

3

4

5

6

?

8

9

10

11

T2

L3

L4

Days to Heading

Plant Height

Flag Leaf Lenglh

Spike Number

Spike Length

Florets,/Spike

Floret s/cm

Kernels,/Spike

Fertí1ity
Grain/Pl-,ant

Dry Weignt/Plant

Harvest Index

Kerne1 Weight

Straw Protein

and
the

L/

signiflcanee from the analysis of varianee of the
octoploid triticale data within each family.

2oL,45xx

450.1Jxx

34,5L

12. Ç1x*

11' 94oo

Il7.43xx

r,760x

11.6,39xx

0.02rf*

0.6 3*x

J2,5gxx

0. 0Ir+*'

4,33+'

0.43

1' 74r+

Error

7 ,55

70.7 0

TT,32

L.67

L.79

33,t9

0,45

25,96

0.01

0. 13

8.87

0. 001

1. 11

0.3?

0.1415 Grain Protein

2/

110. P$xx

J6J, 5gxx

5Q, oTxx

LJ,9 5xx

1I . 40+srs

88.44*x

3,1l..oo

301.91xx

0.08**

2,44xx

46 .59xx

0.02r$l+

3,42

2 .3r

0.03

t/
?/
3/

'sonora ó4' X. l-99 contained I0 plants in
'Sonora 64' X 2Ð82-55 contained 10 plants
,ionora ó4' X L94 contained 10 plants in

Error

13. 04

50,r7

IL,92

3.39

1. 07

24,63

o ,l+5

24.Q9

0.01

0,22

7,L4

0. 002

1. 09

Q,55

0,25

'lì:: 'i'

.' li:

3/

6l,65xx

50?.1lxx

73. o9oo

g, 93*

2 o.4ltr+t

558,63xx

7,ZIxx
422.Llxx

0.08

1.80

36,5?

. 0. 04ü"r+

3,2L

1.50

15. LStt

Error

11. 8ó

93.30

L8.26

3.66

1.6 B

39.72

0. 48

108.2 0

0. 03

Q.94

T5,T3

0. 0I

0.63

0.48

1. 70

each of ? lines
in each of 6 lines

each of 5 lines

xsignificant at
the J/" 1-eve:'.

**sienificant at
thë L% level

@o

i
I

t' ':" " '1'.1

:iiii



TABLE 19 - Concluded

Character

1 Days to Heading

2 Plant Height

3 Flag Leaf Length

4 Spike Number

5 Spike Length

6 Florets/Spike

? Floretsr/cm

I Kernels/Spit<e

9 FertÍlity
10 Grain/VLant

1-1 Ðry Weíeht,/PLant

12 Harvest Index

13 Kernel Vrleíght

14 Straw Protein

15 Grain Protein

4/

2I5.08{+*

226,22

41,86rÉ

2.85

12. gg*x

800.55xx

5,07xx

96.5?*

0.0&n*

0.15

38,36xx

0.01rf

3.35'*

0.5?

5,30

Error

10.6 5

L29,50

L4,g?

2.7?

2,14

67,64

Q,67

25.99

0.01

0.08

?,21

0.003

0,26

0.19

o.54

l+/ rsonora 64' x
5/ 'sonora 64' X
* significant at
*xsignificant at

5/

40,69

362,28#..

L5.23

1, ?0

2.57

4?7,60**'

2-.6 5xx

96..13rT

0,02ét

0.61+x

23,04#.

0.01*

L1. ó6*rs

o,69

5.85*x

:.'i;:
.ii ti

Snoopy contained
220 eonlained L0
the 5% LeveL
the L/" Level

Error

L?,23

r05,2L

l.l+,47

2.72

2,70

87.80

0.46

26.5J

0.01

0.1?

7,56

0.00I

0.61

0. 18

0.06

. .: ..

.r. 11

10 plants in each
plants in each of

of 5 lines
4 línes
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TABLE 20. Sfurple phenoÈypic correlation coefflcfents between pairs of characters for twenty-one hexaplold Ërltical-e 1lnes.

Character

I Deys to Headlng

2 Plant Helght

3 FLag Leaf Lengrh

4 Spfke Number

5 Spike Length

6 Florets/splke

7 Florets/cm

8 Kernels/Splke

9 Fertllity

l0 Graln/Plant

11 Dry Wefght/Plant

12 Harvest Index

13 Kero.el tleight

14 Straw ProteLn

15 Graín Protein

l

-o.2i

-0.7l*¡t O.26

-0.83'r* 0.39

-0.71** 0.62**

-0.51* 0.55**t.
0.59't't -0. 39

I

-0.6d** O.2r

_0.56*,1 0. 17

-0.7l¡t* O.24

-0.81*,t 0.53*

-0.39 0.03

-0.73 ** 0.39

o.4l -o.37

-o.29 0.03

0.57*

o.37 0.75**

0.28 0.49*

-o.27 -0.68**

0.64tflt 0.40

0.62!t¡t 0.37

0.71*'t 0.66,t*

0.57** 0.9l,tt

0.54* 0.19

O.62 0.8ltr*

-0.54* -0.35

-0.01 0.51*

* slgnlficanÈ aE the 57" LeveL
** slgnlflcant at Èhe 1Z Level

0.95'r*

-0. 66't* -0 . 17

0.31 0.12 -0.41

o .25 0 . 03 -0. 43¡r

o.47*' 0. 18 -0.59**

0.92*¡t 0.73rr* -0.67*'t

o.o3 -0. 17 -0.30

0. 66¡tr! 0. 58** -0. 40

-0,16 O.I2 O.47r.

o.29 0.14 -0.35
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0.99**
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2, Correlation Among Characters of Hexaploid Tritieale
Simple correlation coefficients were ealculated between

each pair of characters measured on each line of hexaploid

triticale. These correlatíons were based upon the mean of

1ll measurements for each of twenty-one lines of hexapl-oid tri-
ticale (ra¡l-e 20),

Ðays to heading showed signifieant negative eorrela-

tions with flag leaf length' spike number' spíke length'

florets per spike, kernels per spike, fertilityr grain per

plant, dry weight per plant' and kernel weight. Straw pro-

tein was negatively correlated with flag leaf length and the

characters measuring spike and plant grain production.

Floret density (florets per cm) increased with days to head-

ing and decreased with spike length and spike nunber per,,;plant.

Plant height was positively correlated with spike length'

florets per spike, and dry weight per plant. lhere was no

relationship between any of the factors concerned with grain

production and plant height.

The flag leaf length of hexaploid tritlcale showed a

positive correlation with spike numberr dry weight per plant

and*.all characters concerned wíth spike or plant yield as well

as kernel weight. longer ftag leaves were definitely asso-

ciated wiibh the bigger and more productive hexaploid triticale
li-nes.

The number of spíkes per plant and the spike length on

the hexaploid triticale lines were positively correlated with

each other, and with florets per spike, and dry weight per

---i.--1t.
I."



plant. Spike number was also positively correl-ated with

plant yield and kernel weight. lhe positive correlation

between spike number and grain protein was the only positive

coryelation wíth grain protein for the eharacters measured in

hexaploid triticale.
The number of florets per spike was positlvely cor-

related with dry weight per plant and kernel weight in addi-

tion to the eorreLations aLready mentj.oned. The eapacity of

the spike for grain productlon was not eorrelated with the

actr¡a} grain produetion in the hexaploid triticale lines.

The number of kernels per spiker fertilityr grain per

plant, and harvest index were positively lntercorrelated

among the hexapLoid triticale lines. These results pointed

out the strong relationship among the eharacters measuring

spike and plant grain production. Thls relationshlp occurred

because the sterility caused most of the grain to be on the

first tiller. In addition, fertility was positively cor-

related with dry weight per plant and harvest lndex was

positively correlated with grain protein.

The above correLations anong the eharaeters of hexa-

ploid tritieale were dominated by the rnany significant cor-

relations with days to heading, flag Leaf length' and the

intercorrelation among the four eharacters measuring spike

and plant yie}d. The fourteen observations in each mean

used for the calculations strengthened the validity of the

correlat ion coefficients .
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3, Comel4tions Among Characters of Octoploid TrÍticale
Simple phenotypic correlatj-ons were ealeulated among 

I

the fourteen characters of the octoploid tritícale lines. The
:

correlation coefficients between individual characters were 
i,,¡,,,,.,,

based upon the mean of 10 measurements for each of twenty- i::r::

seven lines of octoploid tritieale (ra¡te 21) '
lhe number of days to headingr ftorets per cm, and straw

i, ; 
",:'protein were positively intereorrelated and negatively corre- i'.',,,,,;,

lated with other plant characterístics. Octoploid trlticale 
,t,,

lines requiring more time to head had shorter flag leaves and 
i'ì'.:

fewer spikes per plant. Straw proteln was negatlvely corre-
i

lated with the characters measuring spike and plant yield as
i

well as kernel weight. The number of florets per cm was nega- 
.

tively correlated with flag leaf length and spike length.

Spike length was positively correlated with the number of

spikes per ptant, kernel weight, and plant height among the 
I

o.ctoploid triticale línes. Kernel weight was also positively

correlated with the dry weight per plant, The number of florets 
¡;ìr,;,

per spike was positively correlated with flag leaf length and , ,..

plant height among the octoploid triticale lines. '' -""-'

The number of kernels per spike, fertility' grain per

p1ant, and harvest index were positiveì-y intereorrelated among

the octoploid triticale lines. The strong relatÍonship among ',.

the charaeters measuring splke and plant grain production for

the octoploid triticale lines was the same as observed among

the hexaploid triticale linesr

The correlation coeffieients among the eharaeters of 
i'*
,
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TABLE 21. sfrnple phenotyplc correlation coefflcients betq¡een pairs of characters for

CharacËer

I Days to Heading

2 Planr Helght

3 Flag Leaf Length

4 Splke Number

5 Sptke Length

6 Florets/SPike

7 florets/cm

8 KerneLs/Splke

9 FerEllÍty

10 crain/Plant

1l Dry Weigbr/ilant

12 HarvesE Index

l3 Kernel I'leighÈ

l4 Straw ProEein

0.36

-0.62¡t* -0.15

-0. 64*'t -0. 16

0. 09 0. 58't't

0.49** 0.59't*

0.30 -o.22

-o.24 0. 14

-0.04 0.00

-o.32 0.16

0.04 0.04

-0.27 -0.03

-0;31 0.36

0.45rt -0. l6

0.38¡t

0.12 -0.17

-0.40 -0.04

-0 . 65't,t -0. 02

0.21 0.06

0.09 0.04

o.2l 0.20

-0.21 0.09

0.17 0.05

-0.0 r o.24

-0.37 -o.32

* signÍflcant aÈ Èhe 57" leveL
** significant aE the I% Level'

tvrenty-seven octoPlol,d tritlcale llnes.

0. 38't

-0.56** O.23

0.14 0.r7 -0.20

0.14 0.28 -0.10

0.10 0.2L -0.13

-0.17 -0.03 0.19

0.06 0.06 -0.16

0. 31 O .42t -0. 13

-0. 15 -0.07 0.44*

ll T2

0. 6l't*

0 . 94.k't 0. 60.t't

-0.11 -0. lr

0.96it:t 0.62*'t

0.36 0. 15

-0.58¡t* -O:42*

13

.:,..-.1ì

-0.06

0.92¡** -0.11

0.47't 0.11

-0.64** 0.15

0.3r

-0.55¡t¡t -0.53**
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octoploid trÍticale were dominated by the strong intercorre-
lations arnong the four eharacters measuring spike and plant

grain produetion. lhese characters were also consistently

negatively eorrelated with straw protein.
!
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ÐISCUSSTON

The assessment of the effect of parental rye on the

resulting amphidiploids when it is crossed onto wheat can be

approached in at least two ways. First' a direct approach

would be the comparison of the parental rye with the anphi-

diploid derived from it. The greatest drawback of this

approach would be aequiring a large enough population of

amphidiploids to make this comparison statistical-ly valj.d.

Most research programs are limited by time and space which

necessitates a compromise between what is best and what is
possible. As an example, this study began with fourteen rye

parentals but ended with seven hexaploid and five oetopLoid

triticale families. However, during the synthesis of the

twelve triticale farnilies, 1781 embryos were cultured onto

nedia and 3?2 plants were treated with a colchícine solutÍon

for ehromosome doubling. A direct approach would be â coÍl-

parison between the seven or five triticale fanllies and their
respective parental rye lines. This sanple would eontain an

insuffieient number of comparisons for a statistically valid

test.
A second approach, which was used in this study' involves

the search for similar comparisons among parental rye lines and

their top-cross rye lines and tritieale hybrids. This study

illustrated that individual rye parentals vary in their abil-ity

I.
1.t..;
l.:.::t-.
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to produce anphídiploids. In addition, those wheat-rye con-

binations which produced reproductive amphidiploids usually
produced more than one line. Thus, each line of triticale
originated from one doubled arnphidiploid which traeed baek to
a parental rye gamete. The seeond approach allowed each tri-
tieale line to be subjected to a separate statistical analysis

separately rather than as the mean of all triticale lines from

one rye parent. For the present data this was a study of hexa-

ploid trÍtieale wlth 21 lines and octoploid triticale with 2f

Iines.
The first section contains a discussion of the informa-

tion acquired eoncerning triticale synthesis from wheat and rye

parents. The second seeti-on contains a diseussion of the oceur-

rence of grass d.warfing and pericarp colour in rye and tritícale.
The third section deals with the amount of genetic variance among

the lines of rye and triticale. The fourth seetion discusses

the environmental effects on the plant charaeteristics and inbred

and top-cross ryer The fifth seetion deals with the eorrelations
between inbred and top-cross ryer The sixth section contains a
d.iscussion of the correlations among each of the characters in
rye and triticale.

Synthesis TechnÍques

fhe diffieulty associated with triticale s¡mthesls from

wheat and rye was amply demonstrated in the present study. A

smalL proportion of the hexaploid wheat florets pollinated with

rye pollen developed into amphidiploids (?% ot embryos eultured).

89



9o

The low see'd.-set on the eross (average of 4.3 per spike) com-

pared favourably with the results of Riley and Chapman (lg6Z)

and Krolow (Kaltsikes, L974). Forty-six percent of the octo-
proid embryos, which were rarge and werr developed, reached 

,:,,,,,,,,,_,.,-.

maturity. This is similar to the results of Krolow (19?O), :r-''':;': :

Tetraploid wheat ('Jori') crossed with diploid rye pro-

dueedanaverageseed-setofI1.Bperspikewhiehwascomparab1e
:.ì:: .: _.. _....

to the results of Riley and Chapman ftgíZ) for their highly 
',,,,,;¡,.,,.,:,,,.

crossable tetraploid wheat. The embryos produced from 'Jorit 
;,.,r;:., ¡.,,.:,

byd1p1oidryewereverysna1]-,poor1yd'eve1oped,andonLy2/"

produced amphidiploid.s. The low survival rate appeared to be

associatedwithpoorembryodevetopment.The1owsurviva1of
Itetraploid wheat-rye embryos also occurred in the naterial used 
i

by Krolow (19?0).

The tetraploid embryos had begun development but failed 
l

to produce normal embryos. fhís arrest of embryo development

was not the same as that described by Tozu (Lg66) where d.evelop-

ment stopped at fertílization. [he embryos frorn the tetraploid 
,:,,,,,,,,,,,,.:.,

'Jori' appeared to cease growth due to a physiological blockage ,;, , ,.

- ::.,:,:' 
r,:_r:; r:of the embryonic development after a suceessful fertilization. ,::::;:::::":ì

The rate of chromosome doubling of the hexaploid trl-
ticaLe hybrids treated with O,Lf" colchieíne was 2)/o (fable 2¡.

This figure was lower than the 46% aoubllng obtained by Sanchez- 
1.,,t*...1,.,,,1- t.: t...-_.:.;,.,

Monge (1958). However, this was most likel-y due to the faet
that in the present study only one viaL was used per plant

whereasSanchez-Monge(Ig58)hadusedonetotheeev1a1s.1he

rate of doubling the octoploids was much lower 0+V,¡ than the 
1,:;,¡,.,:...¡,,
:i: rtj.r,.:: ì::.:,.
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hexaploid triticale.
The present results may agree with those of Sanders and i

Hutl (L9?O) and Subrahmanyan and Kasha (1975) even though these

authors reeeived a positive effect from addition of dlmethyl : ::.:,

sulfoxide. In the ease of Rubus and barley haploids the col-- ":"'1"r":

chicine plus dinethyl sulfoxide solution was effective on ger-

minating seeds land very young seedlings. When eolch$eine and 
,,, ,...
::'... :.-.,.::.

simethyl sutfoxide soluti.on was applied to the apiees of older ..i.:,,,;:;

Bubus plants there was no benefit fron the dÍmethyl sulfoxide. 
;,,,.,,.,.

The teehnique of applying the colchieine and dlmethyl sutfoxide ì:::::i"'.

solution to the apices of Rubus was similar to the teehnique

usedontritica1ehybridsinthepresentstudyand'produeedthe
same results.

Grass Ðwarfing and Pericarp Colour

l. Grass Dwarfing

fhe grass dwarf hybrids obù.alned from the three crosses

with 'sonora 64' resembled those described by Moore (L966),

In cont::ast with the results presented by Fick and Qualset

(L973b), grass dwarf hybrids were obtained from crosses with

'sonora 64'. these results could be explained by a subsequent

change in 'sonora 64' or the interaction between thw u,¡heat and

rye genomes. the different segregation patterns between crosses 
i'r,',,,,:,

of Sonora 64 by inbred rye L99 and 385 indicated the definite
contribution of the rye to the expression of the grass dwarf-

ing. the segregation ratio from the crosses 'sonora 64' by

inbred 199 and' by 2D82 self-fertite fit a I:1 ratio' The
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results indlcated that the genetie factor in rye eausing

grass dwarfing was heterozygous in the inbred rye 199 and in
2ÐBZ self-fertile but homozygous in inbred 385, The expression

of grass dwarfing required the interaction of the wheat and rye

genomes because no grass dwarfs appeared in the S4 generations

or top-erosses fron the inbred }ine l.99, Hermsen (L96?)

revíewed several papers which presented abnormal segregation

ratios but these had not taken into account differential via-

bility between dwarf and normal plants. Differential vaibility
most f-ikely did not occur in the present study because there

was no visible difference between normal and grass dwarf hybrids

until after tll.e 2- to 3-leaf stage.

2, Periearp Colour

The appearance of the purple pericarp colour in rye was

similar to that descrlbed in tetraploid and hexaploid wheat by

Sharman (L958) and Copp (t965). The segregatlon ratio among

the inbred rye lines suggested a monofactoriaÌ inherltanee

pattern with the purple periearp being dominant¡ slmilar to
the situation reported by Sharman (1958), The results from

three of the four top-cross populations also indicated that a

single dominant gene, which had been heterozygous in the F3

generationr was responsible for the pericarp colour.

The pericarp colour carri-ed through into the hexaploid

triticales but not into the octoploid tritieales. The eolour

was uniform in intensity among the individuals of the hexa-

ploid triticale families from inbred rye }ines 100 and 106 '

t :: l

:
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It was not uniform among the individual tritieale plants fron
within and between the lines of tritlcare in the farnily from

inbred rye Lg[, The intensity of the pericarp eolour between

the three lines of hexaploid triticale could have been caused

by minor genes;.from the rye genome. However, the differences

among genetically identical indivíduals of the triticale lines
from inbred 194 must be due to some other factor such as gene

expressivity.

Varlaneg Conponents

The inbred qoarental rye lines used in this study con-

tained readily detectable dlfferences for the charaeters being

measured, lhese differences undoubtably arose because of the

three generations of inbreeding and the different origins of
the Lines of rye. Similar analyses of variance among the top-

cross rye lines, hexaplold triticale lines, and octoploid tri-
tieale lines indicated that an arnple amount of variation was

present for selection. The presenee of genetic variation for
the characters was similar to that found in studies i.n durum

wheat (anaya et aI. , I9??), hexaploid spring wheat (Hsu and

Walton, L9?0), and advaneed lines of hexaploid triticale
(Setfri and Singh, L9?2 ¡ Gebremariam, L9?4), Thereforer the

results of the present analyses índicate that sufficient
genetic variation existed among the inbred and top-eross lines
of rye and anong unseleeted anphidiploids at both ploidy levels
to allow the possibility of selection for the characters

measured.

i.
j.,','
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EnvironmentaL Effects

The environmental effects can drastleal-Iy alter the

phenotypic expression of the plants. Therefore eare must be

taken to understand the response of each character to its
environment. The calculations for the inbred and top-cross

lines of rye ln the present study give an evaluation of the

response for each eharacter to the field and growth eabinet

conditions,

The change from growth cabinet to field conditions

caused l-arge increases in the means for spikes per plant'

fertilityr grain per pLantr and dry weight per pLant. fhese

changes did not alter the presenüe of genetie variabÍlity
arnong the lines of inbred and top-cross rye (Tabtes I and 9),

The effectiveness of selection for individual plant

eharacteristies wilL depend upon the genetie ínheritanee and

the envj-ronmental response of the character. The results of

the F:tests for analyses of variance for replieations of the

rye fleLd experiment indicated that four charaeters (f,1a9

Leaf lengthr florets per splke, kernels per spike, and fer-
tility) were not sensitive to the slight environmental differ-
ences between replications. The correlations for inbred and

top-cross rye lines between similar and different enviùonments

gâve åfi êstlmati-on of the ability of these lÍnes of rye to

maintaln a similar ranking in different environments (faUte Ì0).
The correlations between environments lndleated generally con-

åistent rankings for seven of the inbred and top-cross rye

lines (kernels per spike, fertility, grain per plant¡ harvest

94
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lndexr florets per spike, kernel weight, and straw protein),
These plant charaeteristies can be used for serection of rye

lines with the assurance that there wll-l be minimal_ inter-
ference of growth eonditions, Seleetion for these charaeters

can oceur in one environment with the confidence that the

seLected lines will also be the best in the second environ-

ment.

Correlations between years for heading date in bread

and durum whaat (Crumpacker and Allard, 1962) is analogous to
the present eomparison between dif,ferent environments,

Crumpacker and Allard OgAZ) general.ly found positíve corr€-

lations between years for heading date ln ten eul-tívars of
hexaploid wheat, Kaltsikes and Lee (rg?3) found days to head-

ing in ten cultivars of durum wheat faíLed to behave consíst-
entJ.y over different envíronments. The present results indl-
cated tbat days to headlng was correlated between environments

for the top-eross lines of rye (r=0,óp) but-srot between the

inbred línes (r=0.45).

PLant height and graín protein in the present.study are

extremely sensitlve to changes in thelr growth conditJ,ons.

Johnson et al, (]-974) attrlbuted most of the variation in
seed protein to a response to the environment rather than to
genetie orLgin. Improvement in plant height and grain proteln

would require information fron many different loeations to
reduee the large envlronmentaL effect and allow the. genetic

variatlon to be expressed.

: :::..,

The sensitlvity of pJ.ant and spike characterlstics to 
i;;:;¡
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environmental changes can alter the resuLts of sirnple correla-
tlon sttrdies. 0f the fifteen correlations in wlnter wheat

(Fonseca and Pattersonr 1968), two were significantly negative

the flrst year and significantly positive the second year.

The reversed correlations involved splkes per plot. The pre-

sent experiments indicated that inbred and top-cross l-lnes of

rye were not correlated between dÍfferent environments for
spikes per plant whleh ís a conparable charaeter to spikes per

plot. Desplte the lack of corelation between different
environments none of the correlations among the characters

measured in any of the present experíments switehed from a

significantly positive to negative correlation (Tables l?, L3,

1ll, L5, 20 and 2]-),

Correlations Between Inbred and Top-Cross Rye

The signifleant correlations betweerf lnbred and top-

cross rye lines denonstrated in this study, provides lnportant

inforrnation for the suecessful production of hybríd. The

ability to seLect and breed for desirable traits ín the inbred

rye lines and have these desirable traits plus hybrid, vigour

ln the resulting hybrids is a big advantage. Sinilar, corre-

lations were found in corn by Nanda (L966). Morgenstern and

Geiger (L975) found that inbred rye line selection for hybrid-

ization csuld be based upon the top-eross rye performaneer

fhe results of the present correlations indieate that selec-

tion among the inbreds based upon inbred rye characterlstios

per se or upon top-eross rye eharacÈerlstics, would produee

the same results.

:¡ .:: ,::

i. 'r.'i
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Similar eorelations between inbred rye and tritícal-e
were not possible because of the restrieted number of amphi-

diploids. However, the expression óf rye eharacterg (kernel

coLour and. grass dwarf) in triticaLe suggested that theee

eorreLations exist between inbred, rye and tritic4le. The

eorreLationg would be mueh weaker because the inbred rye

genome would form a smaller proportion of the triticale chromo-

some constltution than in the top-s¡ess hybrids and the ster-
ility assoeiated with new amphidiploids would dlstort the

relationshíp between rye and triticale.

Correlations Anong Plant Characteristies

The comelation coefficients between eaeh pair of

eharactersr in rye and triticaLe, fall into two basic cate-

gorles. One group was formed by the intercorreLation of the

four characûers measuring spike and plant yield along with

straw protein, The seeond group was forrned by the inter-
eorrelations of the characters measuring plant development

(plant height, spike number, spike length, florets per splke,

and dry weight per plant). The intercorrelatisns anong the

seco.nd group was weak but generally not correlated with the

f,lrst group. fhis division oceurred because inbred rye and

new amphídÍpl-olds are meiotica}ly less s*able than advanced

lines of trltÍcale and wheat.

Spring wheat (Hsu and Walton, 19?0 and ]-97l), wlnter

wheat (Johnson et al., L966a¡ Fonseca and Pattersonr 1968) and

ad.vanced tritieale lines (Gebremarj-amr l97l+l Gustafson et 4.,
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L975¡ Sethi and Singh, I9?2) contained many positive correla-
tions between the agronomie characteristics (pLant heightr

spike J-engthr spike'rnumber, and spikelets per spike) and the

reprod.uctive characùeristics (kerneLs per spike and plant or

plot yield). The selection which had been applied to produce

advanced tines and eultivars of wheat and tritieale would also

produce meiotically stable plants. In these plants the meta-

bolites available for the synthesis of plant and grain charac-

teristics have infLuenced the potential yleld in accordance

svith the theory presented by Adans (196?), The lower ferttlity
of the inbred ryes (Appendices I and II) and the triticales
(Appendices III and IV¡) was most likely partly responsible

for the Lack of correl-ation between the agronomie development

and ¡rield.. When the fertitity of the rye and tritieale lines

is improved to the point where fertility is not the most

liniting factor to the yield then the eorrelation between

plant structure and yield will likely be present.

l. Ðays to Heading

The slmple eorrelations between days to heading and the

other eharacters measured in the tritieales produced results

similar to those obtalned in spring wheat (Hsu and Walton,

19?0 and Lg?I), The triticale and spring wheat with the

shorter days to heading had a Longer flag leaf and fewer

florets per spike than those which headed l-ater. Neither rye

nor triticale llnes have shown any eorrelation between days

to heading and plant heíght but Hsu and Walton (Ig?L) asso-

ciated hlgher plant yield with moderately short but broad

1" ""t:
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flag leaves and a higher number of spikelets per spike. The

only similarity between the present eorrelations regarding

days to heading and those of Gebremariam (1974) was the nega-

,l 
tt"" correlation with kernel weight.

Ihe days required for the trlticale to head were asso-

ciated wlth the type of plant produced. The late maturing

plants contained fewer spikes but a denser and Larger number
:: of.fflorets. The increased days to heading most likely caused

the lower kernel weight and increased straw protein. AIl of
:

the plants were harvested at the same tirne and the late
maturing plants may not have been able to translocate as mueh

photosynthate to the grain as the earlier maturing plants.

, This situation also occurred in the study of space planted

spring wheat conducted by Syme (Lg?Z), The later and bígger

plants produeed smaller and fewer kernels per spike, The

: grain yield per pLant in wheat had not been aLtered but because

' of the Larger plants the harvest index was negatlvely corue-

, lated with days to spike emergence (Syme, I97?). Days to

: heading produced very inconsistent results among the inbred

end top-cross ryes for the growth cabinet and field experi-

ments, The data indicated a possibte negative relationship
wlth spike size and grain production arnong the inbred rye lines

I and with spike number among the top-cross rye Iånes.

2. Plant Height

Ihere were Tìo similarities between the sígnificant cor-

relations in rye and tritieale in regards to pl-ant helght and

i;.:i:
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the other eharaeters. Plant height was positively correl-ated

with spike numberr dry weight per plant and grain yield per

plant in three of the four rye correlation studies (fables 12

to lJ inelusive).

3, Flag Leaf Length

Hexaploid trlticale flag leaf length was significantly
eorrelated with eight charaeters (table 20). Flag leaf

length was positively correl-ated with the charaeters measuring

pLant size and grain produetion. In eontrastr there was no

eonsistent relationship between fJ.ag leaf length and any of the

other eharacters measured on inbred and top-erosg rye. The

octoploid tritieales contai.ned two signifícant correLations

but onl-y the positive eorrelation with spike number occurred

elsewhere in thls study.

The results from hexaploid triticale differed from those

in rye (Kaltsikes' I9?3a) and wheat (Usu and Waltorìr L97L)

where there was no relationship between flag leaf length and

grain yield. However, Hsu and ltralton (L97L) found poisitive

eorrelations between flag leaf Length and the charaeters ker-

nels per spike, and kernel, welght. The positlve relationship
between flag l-eaf length and the other charaeters may pro\re

to be an easy selectÍ.on tool for yield improvements but it is
restrieted to the hexaploid tritieales.

4. Spike Number and Dry Wei-ght per Plant

These characters are discussed together beeause of the

consistent assoelation with one another. Spike number and dry
:-::r:,:.i:,:ii
i,:rlj';ì:r;
I r:..1 ,:l:: .
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weight per plant were generally positively Lntereorrel,ated

and eorrelated with grain per pl-ant Ín the rye and hexaploid

triticale experiments. The present correlations were in agree-

ment wíth those between spike number per,rplant or per meter of

row and yield obtained in spring rye (Kaltsikes, L9?3a),

sprlng wheat (Fischer and Kertesz' 1976) and in ad;sanced

Iines of hexaploid trlticale (Gebrernariamr Lg?l+¡ Sethi and

Singh, lg?2), Físhher (L9?3) and Syme (19?2) observed a posí-

tive relationshlp between spÍke Rumber and days to maturity ln

eontrast to the negative reltationship for the comparable cor-

relation in the present study. fhe triticales grown ln the

growth cabinets tended to produce a second growth of tilLers

on those þlants which headed early and this eouLd explain the

negatlve reLationshiP.

5, Splke Length and Florets per Spike

These two characters were eorreLated among the inbred

rye and tritieale Lines. A signifieant 1,:pôsitive correl-á'tion

between the spike length and. spike yleld of parental rye Llnes

was ob,tained in the growth cabinet and the hexaploid trÍticale

lines eontained a positÍve correlatlon between splke length

and plant yield. These límited results contrast with a study

by Syne (1g?2) who failed to find any association between

spike length and spike or plant yield. Thr¡s, the reLationshíp

Þetween spike length and ylel-d experienced by Gebremariam (1974)

and as expeeted by la.rter (L9?3) and Flscher (L973) did oecur

in the hexaploid triticale but not eonsistently in the rye

lines,

fÌ:>-.':iA
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Florets per spike was positively correlated with ker-

nel weight for both ploidy levels of triticale but not for
any of the rye, This may prove to be a useful selection

index among the trltÍcales.

6. Florets per ern

The floret density (florets per cm) was correlated

with other charaeters only among the hexaploid triticales.
These correLations can conveniently be grouped wíth days to

heading and straw protein because these were the characters

generally negatively correlaibed with the rest of the charac-

ters in this study. A dense spike, among the hexaploid trl-
ticale Lines, was associated with a smal-ler plant whÍch pro-

duces less graín (taute ?0).

7, Kernels per Spike' Fertilityt
fn¿gx

The number of kernels per spike¡ fertilityr and har-

vest"i-ibndex were intercorrelated in alL experiments of rye

and tritieale. Graj.n per plant and harvest index were al-so

correlated in rye and triticale experimeRts. The results of

the correlatj.sns between eaeh pair of these four charaeÊers

Ín triticale díffered from those in rye in that grain per

plant was not corelated wíth the other three characters in
rye. The correlation bet'ween plant yield and spike yleld

among the tritieales arose because of the sterillty among

the triticale lines. Most of the grain on the trltícale
plants was on the first tiller and thus thís til'Ler had a

rnajor infl-uenee on the plant yield. The present trtrtical-e

r,:'.: i , :
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results agree with those in bread wheat (Syme, !9?2) where

grain yíeld per plant was positively correlated with kernels

per splke ln a greenhouse study.

I, KerneL Weight

Kernel weight was independent of all other charaeters

in the four rye experiments. In eontrast, the hexaploid trí-

tleales lines were positively correlated between kernel

weight and the characters neasuring plant size and plant

grain yieLd. The positive eorrelation between kernel weight

and plant yíeilds was slmilar to that of winter wheat (Fsnseca

and Pattersonr L968) and sprlng wheat (ttsu and Waltonr L9?0¡

Fischer and Kertesz, l.9?6). The negative assoclâtion whlch

oecunred in wheat between the eomponents of yieldr kernel

weight with spike number (Fonseca and Patterson, 19ó8¡ Symet

I9?2r Hsu and Waltonr L97l-) and kerneL weight with kerneLs

per spike (Fonseea and Patterson, 19681 Hsu and Waltsnr L970)

did not oceur in,ìbhe trltieale or rye linee. Thug the wide

spread negative association between the components of yield

of the major erop plants (¿darns, 196? ) does not always oeeutr'

The general lack of negative eorrelùtlons among the components

of yieLd in the triticale lines most likely occurred because

of the l,ow fertiLlty which dld not allow the denand for photo-

s¡rnthate to reaeh or exceed the availabÌe supply.

9, Slraw Protein

straw protein was conslstently negatively eorrelated

with fertility and grain yiel4 per plant in the growth cabinet
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experiments of rye and triticale, The triticaLes results
from both pLoidy levels showed negative correlations between

the characters measuring spike and pLant yield with straw

protein, Straw protein was positively eorrelated with days

to heading in the octoploid triticale in agreement wlth a

study by Campbell and Frey (]1g?4) in oats. The negative cor-

relation between straw and grain protein observed in wheat

(Johnson et aL., 1967 ) did not oecur in any of the present

experiments.

10. Grain Þotein
Grain protein failed to produce any conslstent correl-a-

tions among the rye lines or hexaploid tritlcale l-ines. fhe

two correlations which did occur were both negative with fer-

tility and harvest index. Protein selection could not be pre-

dieôed from any of the other characters ín rye of hexaptoid

tritleale.

t'.' " '

I

I

:lr I -l : :
2.

ì ,,:ì.':r:' r-ì;

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



00NCLUSIoN 
l

It is possible to seleet for certain desireable tri- i ,-, 
.,',',

ì

ticale characteristics from among parental rye lines. One 
i

of the reproductlve charasteristics (kernels per spiker fer- i

i

tiLity¡ or harvest lndex) , kernel welght, and florets per 
lt',.:,,"',.:',::,

splke are the plant characteristics whieh have the greatest i';""":"':t'

',,: - a.:.;.-.,....

potentlal as SeleCtion indiCeS. ThiS Coneluslon iS baSed ,',,"..',.'',

upon the foll-or,ving facts emanating from this study.

Variance Components 
i

The resuLts of the F-tests indicated that there were 
,

signifíeant differences among the inbred rye lines in the

growth eabinet and field experinents for the characters

measured. The existenee of genetic variatlon among the )

parental rye línes was essential if genetlc differences were

to be observed among the hybrids produced from these linesr ,.:,:i:.:,,:

The genetic différences present in the inbred rye t,,ttt.'

Iines carried into the top-eross rye llnes grown in the "'.';''.:.:'

growth cabinet and field experiments' The significant

F-tests for all but one of the eharacters indícates the pre-

sence of the genetic variation in the top-cross llnes grown i '. .:, .

in both environments.

The tritieales at each ploidy LeveL were genetically

id.entical exeept for the seven chromosomes cont'ributed by

the parentaL rye. Ðespite the close genetical relationshlp 
r,;:,.r..::::r,,
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among the triticale 1ines, the twenty-one hexaploid and the

twenty-seven oetoploid triticale lines contained signíficantly

different Lines for each of the fifteen charaeters, lhe indl-
viduaL parental rye line influenced the number of characters

for whleh the hexaplold tritieale farnily contained significantly

different lines, Overshadowing the inbred rye lines contri-bu-

tion to eaeh individual line of hexaploid tritical-e was the

variatlon among the farniLles of triticale. Ihusr a great deal

of the genetic variation among the hexaploid tríticale lines

was associated with the genetic variation between parental rye

Lines. .

the lines of triticale within each famlly of oetoploid

triticale contained dlfferenees for nany of the eharaeters.

However, the variation among the octoploid tritleale lines was

not assoclated wlth parental rye lines. Ihe greater part of

the genetle variation among the indivídual octoploid tritleale
l"ines could have been eaused by an additional factor such as

ehromosome instability or chromosome loss.

Environmental Effeets

The envírinmental condltlons did not greatl-y alter the

rankings of the inbred and top-cross rye lines for the number

of florets per splke, kernels per spike, fertility, days to

headlng, harvest index, kernel welght, and straw proteln. fhe

use of any of these seven eharacters as selection indiees among

the rye lines would produce sirnilar results in either environ-

nent.
i"..:.iì1
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Coryelations Between Inbred and Top-Cross Rye

The posltive correlation between inbred and top-cross

lines of rye for many of the fifteen characters studied indí-
cated the direet influence of the inbred rye lines on their
top-cross hybrids, the number of spikes per pLantr florete
per splke, kernels per spÍke, fertility, harvest índex, and

kerneL weight were positively correlâted between inbred and

top-eross l-ines of rye in both environments.

Sorrelatíons Anong P1ant Charaeterístles

The performance of the parental rye lines was shown to

be assoeiâted with that of their hybrids by the results sf the

eomelation studies between eaeh pair of charaeters. fhe

following correLations between pJ.ant characterlstlcs oecurred

withln parental rye lines as well as within the Llnes of hybrids

derived from the parental rye lLnes.

(a) The characters measuring grain productlon (kerneLs

per spike¡ fertilityr and harvest index) were generally inter-

correlated among the inbred rJ/er top-eross ryer hexaploid tri-
ticale, and octopl-oid triticale l-ines .

(b) Straw protein was negatively eorrelated wíth fer-

tiLity and harvest lndex arnong the inbred and top-eross rye

Iines grown Ín the growth eablnet as well as among the hexa-

ploid and oetoploid tríticale l*nes. Straw protein was also

negatively correlated with kerneLs per spike and grain per

plant among the triticaLe lines at both ploidy levels.

(c) Spike number was positively eorrelated with dry

1..,.

t.:
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weight per plant in alL experirnents except octoploid tritleale.
Spike number was related to grain pen:'þlant in three of the

four rye experiments and the hexaploid triticale experiment.

(d) PLant height wae positively correlated with epike

number, grain per plantr and dry weight per plant among the

rye Lines but not the trlticaLe lines. Both ploidy fevels of

tritieale eontaíned a positive eorrelatlon between plant helght

and the characüers splke J.ength and florets per splke.

(e) Days to headiRg was negatlveLy correlated with epike

1ength and gfain production characùers among the inbred lines

of rye ín the growth cablnet and the hexaploid trltleale li.nes,

These negative correlatj.ons were not obtained in the other

three sets of rye eorrelations nor ln the octoplold tritícale
correlatlons,

The j,ntereorrelatisns among the characters measuring

gratn produetion and plant development indicated that onl,y one

charaeter need be meagured to represent each trait' The

characters measuríng grain produetion (kernels per spihe' fer-

tility, and harvest index) were found .to be environmentall.y

stable and were correlated between inbred and top-cross ryes.

The charaeters measuring plant developrnent (spíke number¡

dry weight per plant, and pLant height) were not environmentally

stable and were not eonsistently correlated between populations

of ryes. These characters wor¡l-d not be very reliable as seLec:

tion indices under the present condltions of experimentation.,

Kernel weight and the number of florets per spike would

eaeh prove to be good selectlon índices because of their laclt
:lii"1¡:
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of comeLation with other charaeters, their environmental

stabil-ity, and their correrâtion between inbred and top-cross

rye lines.

Relationship_Between Rye and Triticale AnphidiÞùoids

fhis study preeents many indieations that the rye parent

does affect the phenotypic expressÍ.on of the triticaLe produced

from it. These poínts arer

I, the transfer of the rye pericarp colour into the tritícale
lineg.

?. the reqtrired presenee of the rye genome for the expression

of grass dwarf mutant.

3. the transfer of genetle variability for the fifteen plant

characteristics from the rye parerirt to the tritlcaLe lines.
l*, the correl-ation between inbred and top-eross rye lines which

suggests that this relationship may also exist between lnbred

rye and tritieale,
5, the aorrelatLon coefficients between each pair rôf eharacter-

istícs for+th.e:.paj?ental rye and trlticale were elther stg-

nifleant or non-signiflcant for many of the same comparlsortse

Thusr the interrelationships anong the various rye charaeter-

istles also exíst among those expressed ín the triticale
synthesized from these ryes.
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APPENDIX I. PlanÈ numbers an{ means for flfteen characters in the rye experLnent groÌJn in the fleld
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Rye

Inbred 199

Inbred 213

I¡breð, 277

Inbred 194

Inbred 2D82-S5

Inbred 100

Inbred 106

Inbred 195

Inbred 220

Top-cross 199

Top-cross 213

Top-cross 277

Top-cross 194

Top-cross 2D82-S5

Top-crose 100

Top-cross 106

Top-cross 195

lop-cross 220

Prollflc

Days to
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62

64

64

59

63

6L

64

64

64

64

6l+

64

64

64

64

64

64

60.4
i

57.3

6r. rl
I

s9. I
se. 3l

60.21

58,2

54.s

63. 5

54.7

52.6

53.3

53.5

5s.3

55 .8

5l+.2

53.0

53.6

53.0

Plant
Hefght

63

64

62

64

64

59

62

62

64

64

64

64

64

63

63

63

64

64

64

88.0

77 .9

95.4

105.7

80.4

7l+.8

8L.2

99.9

82.7

122.t

t20.6

126.6

126.L

t22.4

117.0

L23.3

L27 .O

r23.5

Ltg.2

Flag Leaf
Length

60

57

59

60

56

57

60

51

56

60

61

63

62

64

63

64

58

63

62

9.47

9. 51

9.23

11.08

11.95

9.0r
11. 90

9.L7

8.82

10.68

11.55

t1.58

11.72

12.82

10. 34

12.37

9.92

tL.26

11.91

Splke
Nunrber
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59

63

62

64

64

64
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6l+

64
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6t+
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64

64

7.1

7.2

10.4

8.7

5.2

4.8

6.0

r0 .9

6.5

12.7

L4.4

15. I
17-4

12.6

13.0

r4.3
t6.6
15 .3

It+ -6

Splke
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59
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64
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9.s6

8.42

9.20

9.37

9.27

7 .98

10.06

8.62

10.46

11.23

10. 30

10. 73

LO.97

10.99

r0, 58

11 .08

to.24
11.09

9.55

Floiets/
Spfke
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6t+

s9
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64
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6tt

57.8

48.2

47.2

53.4

47 .5

42.3

55.7

48. 3

56.3

60 :5
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5 r.8
56 .5

55 .8

58.1

s3.0

Flôrets /
cm
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6. r3
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5.17

5. 85

5.r7
5.35

5.6r
5.62

5.45

s.37

5.27

5. l4
5.26

4.98

4.96

5.17

5 .48

5.29
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Kernels/
Sptke

fi
iì,

ii
ii
i:1:'

i,l
.i
i.l

¡i
T.

il:l
t1!

l¡
ri
ll.

irr
irì

i;i
irl
it;
i.;:

lì
ll
rìl
Ì;ì
:¡
iì
)í

ií

I
Liì
i;;
ìi
til
';;

;à

iì,i:
rìi

iì
þi
'::
.;'

I
\i
ii:
,:i:

iil
ijl
.;1

l:i

iìri

¡:ì

Þl
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iì¡
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:rlì1
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59

63

62

64

64

64

64

64

64

64

64

64

64

64

28.7

2T.T

t2.5
35 .9

28.8

17.6

24.7

20. 8

2h.3

49.3

50.2

34.9

54.3
t19.7
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47 .8

48.5

50. 3
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APPENDIX I. contlnued

Rye

Inbred 199

Inbred 213

f¡bred 277

Inbred 194

Inbred 2D82-S5

Inbred 100

Inbred 106

Inbred 195

Inbred 220

Top-cross 199

Top-cross 213

Top-cross 277

Top-cross 194

Top-cross 2D82-S5

Top-cross 100

Top-cross 106

Top-cross 195

Top-cross 220

Prolfflc

FerElli'cy

63 0.75

64 0.43

62 0.24

64 0.65

64 0.60

59 0.41

63 0.43

62 0.43

64 0.42

64 0.82

64 0.92

64 0.63

64 0.95

64 0.91

64 0.84

6h 0.86

64 0.86

64 0.86

64 0.77

Grain/
Plant

63 z.LO

6t+ 1.48

62 3.00

64 4.1r
64 2.47

59 1.06

63 L.7 3

61 3.91

64 2.g4

64 13.74

64 L4.O4

64 14.00

64 L7.72

64 16.61

64 r2.t6
64 L5.52

64 L8.42

64 17.62

64 14.05

Dry Wetght/ Ilarvest
Plant Index

63

64

62

64

64

59

63

6t

64

64

64

64

64

64

64

64

64

64

64

L2.43

7 .97

L7.93

17 .36

9.26

5.79

8.17

17 .65

13.19

41.38

42.53

47 .lO

49.L5

46.77

37 .64

4s.99

50.75

50.16

42.58

63

64

62

64

64

59

63

6t
64

64

64

64

64

64

64

64

64

64

64

0.16

0. r7

0.09

o.2t
o.26

0. l7
0.19

0. r8

0. l9

0.32

0.32

o.29

0. 35

0. 35

0. 31

0.34

0.36

0.35

0.33

Kernel
üleíghÈ

I
I
I
I
I
I
I
I
8

2.55

2.25

3.46

3. 16

3.60

3. 19

2.86

3.7 3

3.68

5.13

h.96

6.35

5.30

5 .86

5.2L

5 .55

s .83

5.75

5.70

SErew
Protein

:;: !
.:,i,.:
..;i'l:,

. n,tl,

:i1, ìj

I
8

8

8

I
I
I
I
I

7.74

6.05

6.L4

5 .83

6.23

5.74

7 .3L

5 .60

7 .21

5.76

5.24

5.09

4.4tt

4.64

4.91

5.16

4.50

4 .88

5 .50

Graln
Protein

I
I
I
I
I
I
B

I
I

8

8

I
I
I
I
I
I
I

I
I
I
8

8

8

I
I
I

19.53

18.98

20.53

20.54

18.49

18.88

ls .89

18.76

18. 35

17. 19

r7.58

r8 .88

18. 36

r8.24

t7 .43

l6 .58

r7.60

17 .r4

t8 -25
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ÀPPENDIX II. plant numberS and means for fLfteen characters fn the rye experlment grown Ln the grorùth cablneÈ

Inbred 199

Inbred 213

Í.¡bxed 277

Inbred 194

Inbred 2D82-55

Inbred 100

Inbred 106

Inbred 195

Inbred 220

Top-cross 199

lop-cross 213

Top-cross 277

Top-cross 194

Top-cross 2D82-S5

Top-crose 100

Top-cross 106

Top-cross 195

Top-cross 220

Prollflc

Days lco Headlng

ReP.

10 47.6

15 46.7

10 59.6

15 49.9

15 44.L

13 48.5

15 44..1

t4 47.2

l0 t+9.5

13 47...6

15 41.7

t2 44.O

ls 44.3

15 44.2

15 46.7

15 43.3

15 45.8

15 45.0

ts 40.3

10 49"4

t5 48.3

12 6!+.8

Itt 50.9

15 44.t
15 48.9

14 43.7

15 46.7

14 52.L

15 46.7

15 41.8

L4 43.6

15 43.3

15 43.9

14 46.2

15 43.1

ls 42.5

14 43.9

15 40.2

Plant lleight (cm)

Rep. I

t4

l5
15

15

t5

t4

15

l5
13

85.8

104. I
86. 5

109.5

100. 3

95.9

105.2

101. 7

89.7

120. 9

L23.5

I24.4

t29.1

L29.5

128.9

130.1

t32.3

t27 .9

L27 .8

Rep.2

L2

15

T2

15

15

15

L4

15

t4

100. 3

92.1

9s .8

93.3

90.0

85 .4

93.9

98.5

82,6

L22.3

123.7

L27 .4

rt6.7
tt|.2
1 18.7

120.1

t23.9

120.1

118.7

F1-ag Leaf Length (crn)

Rep. 1

15

15

l3
15

15

15

15

15

15

15

14

15

15

15

l5
14

15

15

t2

7 .82

8.10

7.23

11.53

8.40

9.18
12.o7

I .57

8.21

11.83

9.77

LO.27

12. 50

8. 70

10.37

11.17

9.77

r1.47

t2.20

Rep. 2

15

l5
t4

l5
15

15

15

15

t4

15

13 L2.O4

15 7.r3
t2 8.54

15 10.60

15 11.40

15 9.57

14 14.32

15 9.83

t4 9.18

15 10.87

15 11.30

14 13.61

15 L2.20

15 11.43

15 L0.27

15 14.33

15. 11.57

14 11.11

15 13.37

Splke Nunber

Rep. I

15

15

13

15

15

15

15

l5
t5

15

l5
15

15

15

15

l5
15

15

l3

15

15

14

15

l5
l5
15

15

15

15

2.7

3.3
2.L

3.7

3.7

1.5

3.6

5.0

1.5

h.2

5.8

4.4

4.7

5.8

3.9

4.4

5.1

3.9

5.4

Rep.2

'ìir
ii:
tü
ii;
ri.l

ii
l:i

lll

r',]

tii
t::l
ll
l:1

il
:ii
t.l
r.ii
i:

t:.1

:i"
.1i

lli
iìl
.::i

ri
ìii
iil
ii
i.,i
iì.)
lt.j

i;
at
¡.i

iì1

l{
:i\
i'
iii
':;,
ii
il
t¡
i!.
lt.
'rl\)
i:l
ri

iìr
irj
¡t
i:l
,:"
l.l

ì,j
i¿l

:l
ì4r

ì\t
i-t;

ìiì
l,l

ì:l

ìii
ta'

;i
r.i

ir
I'
it¡

Li
i.ì
It
rÌ
i.,
tit;

il
ilr
ìir.t;

iir
,1:¡

15 3.5

15 4.5

t4 2.5

15 3.4

15 3.7

15 3.3

t4 3.4

15 6.9

t4 3.1

15 6.3

15 8.7

15 7.3

15 7.4

15 7.6

15 6.9

15 6.1

ls 8.4

15 6.1

15 7.9

H
N
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APPENDIX II. contfnued

Inbred 199

Inbred 213

I'nbred 277

Inbred 194

Inbred 2D82-55

Inbred 100

Inbred 106

Inbred 195

Inbred 220

Top-cross 199

Top-cross 213

Top-cross 277

Top-cross 194

Top-cross 2D82-S5

Top-cross 100

Top-cross 106

Top-cross 195

Top-cross 220

Prollfic

Splke Length (cm)

Rep. 1

t4

l5
l3
15

15

t3

15

t4

10

t4

15

l3
15

l5
l5
l5
l5
l5

l5

8. s4

7 .83

5 .81

8.77

8.60

o. as

9.'13

I .04

8.40

10.07

10.17

9.s8

10.57

10. l3
9.30

10. 17

9. 50

10.57

10. 00

Rep.2

l5

15

t4

15

l5
15

t4

15

T4

15

l5
14

15

l5
15

15

l5
t4

15

8.90

6 .90

6.11

7 .37

7 .80

7 .O7

9.O7

7.03

8.25

'9. 63

10.07

9.6t
9.77

9.60

9.47

10. 50

9.57

10.14

9. t3

Florets per Spfke

Rep. 1

L4

15

13

15

15

l3
l5
t4

10

I4

15

13

15

15

15

15

l5
15

15

58. 3

54.4

37.2

56. 0

45.3

43.7

56. 5

52.O

57 .6

70.6

62.1

61. 5

64.s

60.0

53.1

62.4

59.7

65.3

6r.3

Rep.2

15 60.8

15 48.3

t4 34.t
15 48.0

15 4t.l
15 45.3

14 55.4

15 47.2

t4 sz.3

15 59.5

15 58.9

14 58.3

15 57.7

15 51.5

15 54.7

15 62.1

15 57.6

14 60.3

15 s5.s

Florets per cm

Rep. I

t4

l5
13

15

15

l3
t5

t4

l0

6.74

7.01

6. s3

6.4s

5.29

6.37

6.20

6.54

6.89

6.77

6.22

6.47

6.t2
6. 03

5.77

6. t9

6. 38

6. 33

6.r7

Rep. 2

15 6.84

15 6.98
t4 5.59

15 6.55

15 5.29

15 6.45

t4 6. 13

15 6.72

L4 6.38

15 6.24

15 5.87

t4 , 6.10

t5 5.95

15 5.36

15 5.81

15 5.97

15 6.03

t4 5.98

15 6.09

Kernels per Splke

Rep. 1

I4

15

13

15

15

l5
15

l5
l5

t4

15

13

l5
l5
13

15

t4

10

t7 .6

25.7

7.2

27 .5

26.3

tt.7
34. I
18.8

2I.6

41.9

44.7

29.5

47 .5

43.7

34.6

43.4

43. 4

42. L

36. r

Rep. 2

15 22 -O

15 t9.7
t4 7.0

15 19.0

15 20.3

15 10.0

L4 23.9

15 t2.5
t4 12.5

15 32.4

t5 43.6

L4 28.6

15 38. I
15 36.3

ls 34. I
15 4t.4
15 37 .9

t4 31.6

15 28.t

:: ,l

15

t4

l5
13

l5
l5
t5

l5
l5
15

t5

H
N)
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i-I'PENDIX II. contLnued

Inbred 199

Inbrêd 213

Inbred 277

Inbred 194

Inbred 2D82-S5

Inbred I00

Inbred 106

Inbred 195

Inbred 220

Top-cross 199

Top-bross 213

Top-cross 277

Top-cross 194

Top-cross 2D82-S5

Top-ctóss 100

lop-cross 106

Top-cross 195

Top-cross 220

Prolfflc

Rep. 1

FertlLlÈy

14 0.33

15 0.46

13 0. 17

15 0.49

t5 0.59

13 0.28

15 0.60

14 0.38

l0 0.36

t4 0.60

15 0.72

13 0.49

15 0.73

15 0.73

15 0.66

15 0.70

15 0.72

15 0.65

15 0.59

Rep. 2

15 0.37

15 0.38

L4 0.20

15 0.39

15 0.50

t5 0.22

14 0.43

15 0.26

14 0.23

15 0.55

15 0.74

L4 0.49

ls 0.67

t5 0.71

15 0.62

15 0.67

rs 0.67

L4 0.57

15 0.51

Grain per PlanÈ

Rep. I

15

l5
t5

15

15

15

I5

15

13

t4

l5
13

l5
15

l5
15

15

15

0. 57

o.77

0. 39

r.69
1.59

o.27

r.45
I.23
0. 85

3.47

4.83

3.32

5.01

s.84

3.09

4.2L

4.64

3.77

4.55

Rep. 2

15 0.73

15 0.65

14 O.zt+

15 0.88

15 0.86

15 0.39

14 0.58

15 0.89

t4 0.58

15 3.48

15 5.01

14 3.99

15 4.54

15 4.93

15 3.79

15 3.49

1.5 5.05

14 3.4L

15 3.85

Dry tlelghr per PlanÈ

Rep. I

15 3.43

15 3.57

15 2.77

15 6.39

15 4.72

15 2.00

15 5.00

15 5.93

13 3.48

15 11.07

t5 12.39

t4 9.28

15 12.24

15 14.41

15 9. 13

15 LL.27

15 t2.72

15 11.37

15 13.17

Rep. 2

l5

15

15

l5
t5

15

t4

15

l5

3.64

3.13
2.21

4.13

3.00

2.69

2.93

5.23

3.29

9.71

12.43

11.61

11.26

t2.L2

9.45
g.23

t2.19

9 .58

10.99

HarvesÈ Index

Rep. I

l5

15

15

l5
15

15

15

l5
l5
13

0. 14

o.23

0.07

o.24

o.32

0.13

0.27

0. l9
0.17

0. 30

0. 39

0. 31

0.41

0.41

o.34

0.38

0. 38

0. 33

0. 35

Rep. 2

l5

15

l5
15

15

l5
15

15

15

15

15 0.16

15 0.21

L4 0. l0
t5 0.18

15 0.30

15 0.14

L4 0.19

15 0. 15

t4 0.14

15 0.35

15 0.41

L4 0.34

15 0.40

15 0.39

15 0.41

15 0.37

15 0.41

L4 0.33

15 0.35

t4

15

'!4
l5

1ts
l5

,15
,15
I tt

15

H
N
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APPENDIX II. conÈlnued

Inbred 199

Inbred 213

Tnbred 277

Inbred 194

Inbred 2D82-S5

Inbred 100

Inbred 106

Inbred 195

Inbred 220

Top-cross 199

Top-cross 213

Top-cross 277

Top-cross 194

Top-cross 2D82-55

Top-cross 100

Top-cross. 106

lop-cross 195

Top-cross 220

Prolffic

Kernel l,¡eight

Rep. I

3

3

3

3

3

3

3

3

3

2.97

2.57

4.23

4.10

4.73

4.30

3.33

4.20

s .40

5.03
5.46

7.t7
6.00

6.57

5.90

5.60

6.O7

6. 53

6. 83

Rep, 2

3

3

3

3

3

3

3

J

3

2.60

2 .00

2.47

3.10

3.60

3.50

2.57

3.23

3.37

4.83

4.57

5.77

5.L7

5.30

5.40

4.s3

5.17

4.90

5. 83

Straw ProLeln

Rep. l

3

3

3

3

3

3

3

3

3

3

3

3

3

3

3

3

3

3

11.83

8. 40

10.87

8.27

6.43

9.93

7 .O7

8. 87

9.27

9.57

6.90

8 .63

5. 60

5.37

7. t0

7 .O3

6.77

7.47

6.37

Rep. 2

3

3

3

3

3

3

3

3

3

3

3

3

3

3

3

3

3

3

J

3

3

3

3

3

3

3

3

9,73

8.50

9.27

I.s3
6.70

8.67

8.07

8. 43

8.93

7 .13

6.57

6. 10

5. 13

5 .63

5.73

5. s3

4.67

6. l0

5.83

Grafn Protein

Rep. I

3

3

3

3

3

3

3

3

3

3

3'
2

3

3

3

3

3

3

78.67

14.97

r8.75

19.77

17.50

18. 30

16. l0
t8.47

1.5.47

17.53

r5 .00

17.00

15.77

15.70

L6.33

15.30

17.10

15.53

t6.23

Rep. 2

3

3

2

5

3

3

3

3

3

3

3

3

3

3

3

3

3

3

L6.87

16.53

21.00

20. 90

18.00

20.20

18.97

20.67

18.27

16.43

14. l3
16.87

15.87

16.20

L5.27

15.33

15 .63

t6.20

17 .77

3

3

3

3

3

3

3

3

3

H
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APPDNDIX III. PlanË numbers and ¡nèans for fifteen characters of ÈwenÈy-one llnes of hexaplold trltlcale

Cross

Jorl X Snoopy 18

Jorl X Snoopy 19

JorL X Snoopy 15

Jori X Snoopy 17

Jori X snoopy 22

Jorl X Inbred 213 578

Jorl X Inbred 213 550

Jorl X Inbred 213 658

Jorl X Inbred 213 397

'Jorl X Inbred 220 253

Jori X Inbred 220 587

Jorl X Inbred 220 537

Jorl X Inbred 220 81

Jorl X Inbred 194 585

Jorf X Inbred 194 584

Jori X Inbred 194 654

JorÍ X Inbred 100 623

Jori X Inbred 100 625

Jorl X Inbred 106 610

Jorl X Inbred 106 168.a

Jorl- X Inbred 277 556

c1
PLant

Days to
Heading

t4

t4
t4

t4

t4

t1

l3
t4
t2

14

t4

t4

L4

L4

t4

14

t4

13

t4

13

t4

53.6

47 .6

49.3

4e:o

49.1

56.2

62.5

64.9

62.4

58.5

54.7

53. I
5r.8
48.7

50. I
5L.7

64.7

64.2

59. 0

55.4

57 .5

Plant
Helght (cm)

t4

t4

l4
t4

I4

t2
13

t4
13

t4

T4

t4

T4

t4

L4

T4

14

13

I4

l3
t4

94.4

105.8

96.2

101.7

101. I
59.9

86.4

99.3

82.3

99.3

100. 4

102. I
98.9

101.9

107. 5

l0l. I
97 .7

101.0

100. I
97 .6

rt3.7

Flag Leaf
LengÈh(cm)

L4

l4
r4

I4

t4

12

13

t4

13

t4

t4

L4

l11

L4

I4

t4

t4

l4
L4

13

t4

21.29

22.7 5

24.tL

23.89

26.32

20.96

2t.92
r9. 89

19.92

20.93

2L.39

22.79

2I.04

25.LI
25.46

25.46

22.7I

19.36

2t.68
23.81

19.93

Spike
Number

L4

I4

t4

T4

t4

13

13

t4

l3
t4

t4

t4

t4

t4

T4

t4

t4

t4
.14

13

L4

3.3

3.4

5.5

5.4

3.8

1.6

1.3

t.4
t.2
2.7

2.5

3.5

2.9

4.3

3.8

2.7

1.3

1.3

1.6

1.3

3.1

Spike
Length (cm)

t4

t4

r4

L4

t4

12

l3
t4

T2

14

l4
t4

T4

t4

L4

t4

t4

13

t4

l3
t4

10.61

11.21

11.25

11 .04

11.89

7 ,58

8.19

8.57

8.42

tt.7 5

10.86

t2.7 5

1t.64

to.79
r0.89

9.79

8.11

8.54

9.46

9. 50

Lt.46

Florets /
Spfke

t4

t4

I4

L4

l4
L2

13

t4

t2

I4

t4

t4

I4

t4
L4

t4

14

13

t4

l3
t4

s8.1

6r.9
62.4

60.4

61. s

48. I
50.5

5r.4
55 .3

70.9

68.6

78.4

69.6

64.7

65 .4

65.6

54.9

56. s

6L.7

56.3

6r.7

Florets /
cm
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il.
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rr
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ir
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tl
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.i:l

'r:r¡::

L4

r4

t4

t4

T4

12

t3

T4

t2

T4

r4

t4

t4

t4

t4

l4
t4

13

T4

l3
L4

s .48

5.54

5 .56

5.50

5. 19

6. s8

6.2r
6.0 r

6. 58

6. 06

6.34

6. t9

6.01

6.00

6.02

6.72

6. 90

6.67

6.53

5 .98

5.41

.:1.

.'r rl

H
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APPENDIX TII. contlnued

cl
Plant

18

l9
15

L7

22

578

550

658

397

253

587

537

81

585

584

654

623

625

610

168

556

KerneLs/
Splke

t4

t4

t4

T4

r4

12

l3
L4

t2

t4

r4

t4

14

l4
T4

T4

t4
l3
L4

13

l4

17 .7

33. I
29.6

16.3

42.6

7.2

9.6

lo.2
10.1

7.4

r8.6
9.1

9.1
t6.7
to.2
31.8

6.1

9.3

20.4

19. I
5.2

Fertlll-Ly

T4

L4

L4

t4

I4

t2

13

t4
'12

ltt

t4

L4

L4

t4

L4

L4

T4

13

t4

13

t4

0.30

0.53

o.47

0.27

0.69

0. 13

o. 18

0.19

0.18

0.10

0.27

o.L2

0.13

o.26

0. 16

0.48

0.10
0.15

'o.32

0.34

0.09

Graln/
Plant

L4

I4

t4

t4

L4'

T2

13

It+

t2

T4

It+

t4

t4

t4

t4

L4

t4

13

t4

13

Itt

I .96

3.99

5.29

3. r9

7 .44

0.40

0. 45

0.49

0.63

o.47

?.r2
I .06

0.73
2.87

t.44
3.14

o.42

0.54

r.29
1.45

0.66

Dry tleight/
Plant

t4

t4

th

t4

t4

13

l4
T4

13

T4

L4

t4

t4

t4

T4

t4

t4
t4

L4

l3
T4

9.6r
10. 73

t5.72

t4.27

t5.97
2.34

2.0L

2.55

2.23

12.84

I0.25
13.80

10 .91

13. 07

13.08

9. 35

3.26

3.35

4.16

3. 98

tt.2L

Harvest
Index

L4

t4

t4
L4

t4

t2

13

It+

12

t4

t4
t4

L4

14

t4

t4

I4
13

t4

l3
t4

0.20

0. 36

0.33

0.2L

o.46

0.11

0.20

0. r8

o.25

0.03

0.18

0. 1.0

0.05

0.21

0.19

0. 33

0.09

0.14

0. 2B

0.34

0.06

Kernel
I^leight

2

t

2

2

2

2

2

2

2

2

2

2

2

2

2

2

2

2

2

2

t2.95

10.00

14 .00

13. 35

11. 65

8.05

8.05

8.05

8.60

9. 15

12.05

13.40

10.65

12.15

12.50

11. 35

10. o0

9.45

9.70

10.15

9.10

SÈraw
Proteln

2

2

2

2

2

2

2

2

2

2

2

2

2

2

2

2

2

2

t

2

2

-t:tl¡
''..: /|

..,jtì,::.

7 .90

6. 60

6.95

7 .70

6.00

11.8s

9 .50

8.80

9.90

10. 65

10.55

11.35

9 .85

9. ls
9.0s

7 ;65

9.25

9 .60

7 .50

7 .55

10.00

Graín
Proteln

2

2

2

2

2

2

2

2

2

2

2

2

2

2

2

2

2

2

2

2

2

23.60

t9 .00

20.00

23.10

18.25

2t.55

20.10

19 .40

t9.20

20. l0
'19.40

2t.25

20.40

20.95

23. 00

t9.45

t9.45

18.30

17.00

16. 35

23.t0

Ë
lìù{r

ii
li

jri
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ÂPPENDIX IV. Meana for ftfteen characters of tltenty-seven llnes of octoPlofd trltlcale

Sonora 64 X Inbred 199 179

Sonora 64 X Inbred 199 181

Sonora 64 X Inbred 199 2L8

Sonora 64 X Inbred 199 221

Sonora 64 X Inbred 199 225

Sonora 64 X Inbred 199 230

Sonora ó4 X Lnbred 199 278

Sonora 64 x Inbred 2D82,S5 90

Sonora 64 X Inbred 2D82-S5 94

Sonora 64 x Inbred 2D82-S5 ll4
Sonora 64 X Inbred 2D82-S5 115

Sonora 64 X Inbred 2D82;55. L25

Sonora 64 X Inbred 2D82-S5. 194

Sonora 64 X Inbred 194 264

Sonora 64 X Inbred 194 265

Sonora 64 x Inbred 194 309

Sonora 64 X Inbred 194 323

Sonora 64 X Inbrêd 194 324

Sonora 61r X Snoopy 46

Sonora 64 X Snoopy 48

Sonora 64 X Snoopy 52

Sonora 64 X snoopy 57

Sonora 64 X Snoopy 66

Sonora 64 X Inbred 220 107

Sonora 64 X Inbred 220 A2

Sonora 64 X Inbred 220 108a

Sonora 64 X Inbred 220 108b

Cl Days to
Plant Headlng*

53.0

56.5

46.9

49.2

51.4

51.7

60.3

49 .3

49.2

43.8

52.4

45.7

44.6

50.7

4?.1

45.4

44,7

49.6

54.8

52.4

52.0

45.9

58 .6

49,7

50. I
54. 1.

50.6

Plant
ItetghÈ (cm) *

80. 7

85. 3

81. 5

86.9

95.3

85. 7

98.4

80.3

77.3

79.4

60,0

71. I
75.1

77.5

87 .3

69.9

70.2

76.8

75.9

76.6

76.O

65.2

73.4

74.5

70.0

83. I
70.7

Flag Leaf
Lengch(cm)*

15. 10

I 3.90

16.05

17.75

17.50

14.50

14.45

15,20

13. l0
16.40

12.75

17 .85

17.80

t4.45

17 .60

20.95

t7 .90

14.55

14.65

13.55

15 .40

19.00

15. 40

16. 30

16.40

14.60

17 .60

Spike
Ntrmber*

2.4

2.L

2.8

5.0

3.6

1.9

1.9

3.8

3.7

4.8
2.3

6.0

4.8

3.7

3.0

2.7

5.2

3.1

3.4

3.3
3.4

2.7

2.2

3.7

3,7

2.9

3.1

* each value L6 a mean of ten plants

Splke Floréto/
Length(cn)* SPLke*<

11.45

t2.45
12.25

13.85

14. 15

t7 .70

11.60

10.10

9. 65

10.55

7 .85

10.40

10. 75

9,05

t2.60

10. 80

10.85

t2.t5
L2.30

9 ,55

11.50

10.70

10.10

11.90

I1. 70

11.80

10.80

,-r,jt;:r:

70.2

66. 3

61. 8

69.3

70.2

63.3

64,8

65;4

60.6

59.7

57 .3

6t.2
64.2

60.6

64.2

47.7

56. I
66. 6

72.9

59.4

66.0

48.9

64 .8

65,1

54.9

7r.7

63.0

Florets /
cn*

li:¡r,.
:.: ..: . ,

it;,;'.:;

6.21

s .34

5 .06

5.06

5.05

5.47

5 .59

6.53

6 .35

5.71

7.32

5.94

6 .0r
6.77

5.l l
4.45

5.26

5.42

5.97

6, 33

5.76

4.66

6.45

5.51

4.74

5.42

5.99

H,
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APPENDIX IV. continuèd

cl
Plant

t79

l8l
2L8

221

225

230

278

90

9th

114

ll5
t25
t94

264

26s

309

323

32lt

Kernel,s/
SPlk¿tt

lt.2
4.5

2.4

9.9

5.6

2.'7

4.8

o.7

0.8

9.3
1.0

0.03
tz.9
n.4
r1,8

5.9

5.0

21.3

3.8

t.7
0.7

8.2
1.0

5.3
2.3

8.t
8.7

tr'ertllfty¡t Graln/
PlenÈ*

0. t6

0.07

0.04

0. 14

0.08

0.04

0,07

0.01

0.01

0. l5
0.02

0.01

0.20

0.18
0. t8

0. l3
0.09

0.32

0.05

0.03

0.01

0.16

0.02

0.08

0.04

0. ll
0.14

0.60

0.13

0.ll
0.72

0. 40

0. 14

o.l7
0.03
0.06

0.84

0.07

0.02

l. l3
0.82

r. 04

0.37

0.37

'1.34
0.31

o.t2
0.04

.0.30
0.11

0,24

0.09

0, 68

0.41

Dry Wetght/ Harvest
Plant* Index*

46

48

52

57

66

107

82

l08a

r08b

7.10

4.85

6. 08

r0.93

9.77

5.29

6.43

8.26

6.97

9. 83

3.98

9. r0

9.23

8 .34

10.31

5.49

6.39

6.63

7 .66

6.82

7.6r
3.6t+

4.06

7.78

4.67

7.64

7 .69

0.07

o.02

0.02

0.07

0.03

0.03

0.03

0.01

0.01

0.08

0.04

0.0r
0.1r
0.08

0.09

0.06

0.05

0.20

0. 04

0.02

0.01

0.08

0.02

0.03
0.02

0.07

0.06

Kernel
lleLght*'t

* each value ls a mean of ten planta
** each value fs a mean of two samples

7 .08

5 .58

8.69

8.27

8.48

7 .43

4.89

5 ,84

9.00

8. 20

s .45

6.67

8.28

5.76

4.24

6.63

5 ,99

8.49

6.35

6.94

6.67

4. l5
4 .00

6.97

4.39

t0.29

7 .O4

Straht
Proteln**

Ir.71
LT.72

I0.90

Lt.67
1r .54

12.36

rI.77
12.32

11. 8l
10.58

t2.96

10.86

to.22

11. 49

to.72

10.54

t2.27

10.08

r1.40

12.35

11.58

1r.90
12 .68

tl.17
r1.45

10.85

12.23

Grafn
Proteln**

23. 16

23.35

23.86

25.05

25.42

22.60

24.69

11-:i1

22.88

25.61

22.83

25.82

24.tL

19 .06

24.22

21.79

26.r8

26.34

23.29

22.08

19.80

23.55
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130

.A"PPENÐIN V' Plant nr¡mbers
2DB2-55¡ and toP-cross
growth eabinet.

and means of SnooPYr - inbred
iÞ¿l rve lines grown in the

Snoopy
Inbred
2D82-55

Top-cross- 
191þ

Øays to Heading

Plant Height

FIag Leaf Length

Splke Nwn'ber

Spíke length

Florets Per Spike

Florets Per cm

Kernels Per SPike

FertilítY
Grain Ber P1ant

Ilry Vleight Per Plant

Harvest Index

Kernel:r'Tlelght

Straw Proteln

Graín ProteÍn

zg ,+9 
"9

29 102"0

29 9,79

29 5"7

29 8.21

29 55"7

29 6.,?6

29 2Q'"9

29 ,'ø,J;3?

29 1.85

29 ?.48

29 o "23
6 s;tþo

6 Lo;25

6 16.86

IL þ3.8

L2 95.4+

Lz g.at+

L2 t+.0

L2 8"01+

L2 38" 5

L2 I+.79

L2 21.3

L2 t s,157

L2 L"35

L2 t+.73

L2 o.3o

2 l+';95

2 8"t15

2 L6.65

1-1 t+2" 5

11 LLg.7

11 10t50

11 6;6

11, 1.0.18

Lt 56,7

1L 5,6L

LL 37"5

lL t:i0,(66

Ll t+.98

1L rL.90

l-L 0';66

2 6;35

2 8"85

2 L5.6O


