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A,BSTRACT

Jedel, Patrici_a E]len" M. Sc, The University of Manitoba,

Oetober, 1982" A Study of the Vernalization Responses i¡r a Nr¡mber of

sprÍng l^lheat (triticum aeslivum) cu-ltivars. Major professor; L, E"

Evans.

Ten wheat, Triticum aesbivum, cr:ltivars of importance to spring

wheat breedilg programs vüere assessed for their responses to vernaf-iza-

ti-on treatments"

Benito, G1en1ea, Marqui-s¡ Neepawa, Prelude, Sinton and yecora had

J-ittle or no response to O, 2 atñ,6 weeks of cold (loC) treatment;

while Cajemer Fielder and Pitic had positive responses to vernal-ization.

Patterns of response to 0-p weeks of co1d. treatment r¡rere assessed..

Prelude and Si¡ton vüere non-responsive to any duration of vernalization.

Benito, Glenlear Marquis, Neepawa and Yecora hrere relatively ilsensitive

to the one- to seven-vüeeks col-d. treatments, whiJ-e I and/or 9 weeks did

j¡itiate smal-l threshold responses" Cajeme¡ Fielder and Pitic had

gradedr cyclic responses with their vernal-ization requirements ful-fjl-led

by 4 or 5 weeks of coJ-d treatment.

Fie1d plantings of vernalized grain of Cajeme, Fielder and Pitic

did not alter the graded vernalization pattern of these cul-tivars"

Ferbil-e ti-l-Ier nunbers were unaffected but total tiller number were

significantly reduced vrith 2-, 4- and 6-weeks cold treatments.



x

The develolment of res¡rcnses in Cajeme and Pitic consisbed of a lag

period, a period of rapid j¡itiation, and a plateau with satisfaction of

Lhe vernalization requirement.

Deve¡nal-ization by high temperalure (Z5oC) was reduced with longer

cold dr.lrations and./or a period at I5oC. Interrnediate tem¡ærature dura-

tions of 1, 3 and 6 days effectively sbabilized vernalization responses

of Cajeme, Fielder and Pitic, with the threeday treatment being optimum"

Response to vernalization decreased with plant age. The 0- and 7-

days old plants were more recepüive than the 14- and 21-days old plants;

while the 28days old plants were non-responsive to vernal-ization

treatments.

The temperatures of 1oC , 5oC and 11oC were found to be eq-ral-Iy

effective j¡r vernalizing Cajeme and Pitic.

Light conditions of short days or darloress duri-ng cold treatment

did not affect vernalization response"

Measurement of fírra1 leaf nr¡nher, days to flag leaf emergence and

d.ays to anthesis were concluded to be the most consisbent and accurate

asse ssrnent s of vernalization"

Segregation analyses of the F2 generations vüere made for Cajeme-

Yecora, Gl-enlea x Pitic and Neepawa-Pitic crosses. Genic consbitutions

vlere proposed.



TNTNODUCTTON

Chouard (fç¿O) defi¡ed vernalization as rfan acquisition or

acceleration of the abil-ity to flower by a chi1lÍng treatment.rr

Gotoh (tgZS) described al-1 of the wheats tested i¡r his sbudy that were

accelerated by cold treatments as rtwi¡tterrr vüheatsn Marbi¡ic (tgZl)

demarcated wheats with vernalization responses as wi¡ter wheats only

if they fai-l-ed to head properly with sprÍ-ng planting and as i¡termedi-

ate wheats if they headed with sprlng planting. These two examples

ij-lustrate the non-sbandardization of the classification of sprÍng and

wi¡ter wheats on the basis of vernalj-zation response" Spring and

winter wheats may or may not have vernalization responses as was found

by Gotoh (tgZS) i¡r his assessrnent of wj¡ter cultivars and by Halloran

(L977) jn his assessrnent of spring cr:ftivars"

Characteristics such as vernalization and photoperiodic response

play an important role i¡ the control of crop maturity and thereby are

irnportant factors governing yield (Waff and Carbwright 1974). The

adaptation of a ci:ltivar to a defi¡ed set of climatic and environmen-

tal conditions is controlled through the physiological processes that

i¡clude the vernalization response (Uart:nic 79ß)' It i-s therefore

incr¡¡nbent when sbrivi-ng for well-adapLed cuJ-tivars with dependability

of maturity and yield to udersband the vernal-ization res¡ronse and to

assess the response besb suited for the conditions wherein the cultivar

wi-lI grow"



The purpose of this sbudy was to present fi-ndings on the

vernalization responses of a nr:mber of spring wheat cultivars of

imporbance i¡ I'lesLern Canadian breedÍ-ng programs. The areas of in-

vesbigation i¡cluded i¡ this thesi-s were the followirrg"

1. By cold duration sbudies assessrnents of ten spring wheat

cultivars for their response to vernalization were made to:

a) classify cultivars as responsive or non-responsive; and

b) describe patterns of response.

2, For selected cul-tivars, the effect of various factors on the

vernalization re sponse were assessed :

a) high temperature after col-d treatments;

b) i¡termediate temperatures after cold. treatments;

c) plant age (witn gï€en plar:t cold tr"eatments);

d) temtrærature of the cold treatments; and

e) light durÍng cold treatments.

3. Genetic analyses of vernalization from a nunber of responsive

x non-responsive crosses were made"



LTTERATUM MVITbi

Characterization of Vern4ization

Effects on Plant Devel-opment

vernal-ization is a physiological process that enables plants to

respond to the appropriate light and temperatr.re conditions that produce

flowering (zurvis 7961). When the vernalization requirement has been

partiallyorcompletely fulfilled, the point whereat the vegetatj-ve

a¡æx becomes competent to respond to the phot,operiodic sti¡ni¡lus is
advanced (cooper 7956¡ Riddel-l and Gries L95gb, Marcellos and si.ngle

1971). idiegand g! gI" (fçgf) reported that as vernal-ization hasbened

the termination of the vegetative stage and i¡itiation of the reproduc-

tive sbager all phases of posb-vegetative developnent were chronologi-

caf-ly advanced. fn cereals, the morphologi of the atræx changes from

single ridges to double ridges at the i¡itiation of the reproductive

structures (furvis 1934¡ Borrnett L936, Fisher LgB)"

Reviews by l{hyte (tgUA) a¡rd Chouara (fgóO) covered the hisbory of

works on vernalization. Punris (fg6f) reviewed the physiological

works on vernalization. Chailakùryan (f96S), Evans (tgZt) and ZeevarL

(tgt6) presented coverage of the conce¡As of flower i¡rduction and

verna]-i¡1"

Phelglogicg] develorment. Vernalizati-on responses are difficult to

quanti-fy because sbandard measures of the response such as days to
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heading and days to anthesis are assessrnents that i¡clude responses to

envi-ronmental conditions after the i¡ductive cold treatment (Marcellos

and Si:igle t9?7t Wiegand et al. 1981)" Cootrær (tgS6) consj-dered that

measurements of the vernalization r€sponse that were based upon

calendar ti¡e scal-es were limited i¡r their usefulness because of

differences j¡r temperatures between years and locations"

Measurements of days to i-nítiation of floral prÍmordia was pro-

posed by Purvis (tg1ln) to be an imporbant measurement i¡ el-ucidati-ng

the correlation between vernalization and floweri-:rg. Investigators

such as Riddell and Gries (tgSsb), rugstey (t9Ø), Halse and Weir çtl7o),

Rawson (rçZo), Marcerlos a¡d si-ngle (tgZt)¡ Devay g! gt. Ggf6), ad

Federov (tgZ6) have used dqys to i:ritiation as an i¡dication of the

effects of vernalization on phenological develotrment" The major dis-

advantages of the use of this measurement were its destruction of plant

material and the necessity for handl-i:rg sufficient nr:mbers of plants

to meet this demand (Cooper L956) "

Measurement of days to headi:rg or ear emergence is one of the

mosb widely used methods for deterni¡i::g the effects of vernali-zationt

having ¡een employed by foikifi (1%6), Kosb jucenko and Zarubail-o (tl17),

I'lorb (tggg), Krekule (tgOt), Pugsley (tg6g), svme (1964' 9ß), Lew

and Peterson ( 7972), Martinic (tllÐ, I{laimi and Qual-set (tgllù r hrall

and Cartwright çnf U), Ha:-loran (tgl6), Law É gL" G976), Ford (t177 r

7g7S), Caha.1.an and Law (1979)¡ ed Ford et al. (iggr)" Lerry and

Peterson (tgZZ) for:nd that days to headi¡g was a ûìore sensitive meas-

urement of vernalization than fi¡al- leaf m:mber for disbinguishhg

cultivar differences to vernalization among spring wheats" Cooper
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(tgSO) sbressed two disadvantages of this measurement as the i¡fluence

of posb-cold treatment temtræratrires and the i-ndirect measurement of

not only the ti¡le to i¡itiation but aJ-so rate of ear elongation"

Friend and Gregory (t9y), Riddell a¡d Gries (tçsæ), rauti et at"

Ggez), Halse and t'teir (tgzo), syme (tgrc), salisbury et a.1. (tgzg),

and Berry et g!" (rgao) used the measurement of days to anthesis as

i¡rdicators of vernal-ization effects.

A less commonly used measurement has been days to flag leaf

emergence or unfold:¡s (chujo 1966a &b, tg67t 7g6g, and Gotoh tg75¡

t977t L979t 19S0). Gotoh (1975) sbated that days unti_t_ flag leaf

emergence were more r"eliable than days to anthesis or heading as some

cultivars faiJ-ed to head or headed incø'npletely.

Ieaf del¡elopment " A reducti_on of ].eaf nunber with vernalization has

been well docunented. Pur¡is (7%4) suggested usi¡rg final- J-eaf

ni¡nber as a measurement of vernalization response in rye" McKilney

and Sa¡do (l%5) reporbed that fi¡al leaf nr¡nber hras reduced by j¡itial

cold treatments j¡ Han¡esb Queen wi¡rter wheat,

Cooper (tgS6) found the rate of leaf appearances to be li¡rear and

unaffected by the i¡itiation of floral primordia on the shoot atrÞxc

Final- leaf nr¡nber vuas a quantitative measÈrement of i¡lflorescence

develotrment l-ittIe affected by post-cold treatment temtrærature, Coo¡ær

concluded that usj¡g fi::al- leaf nr¡nber of the main culm as a measure

of reproductive develognent v¡as a good technique for discrimi¡ant

analysis of genotypic response to vernalization,

Halloran (tl6l) and Halloran and BoydeJ-J- GgAZ) used fi¡aL leaf

nunber as a measurrement of vernalization response Ín aneuploid series
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sbudies to determi-ne controlli.rrg chromosomes and dosage effects of

these chromosomes"

Levy and Peterson (tglz), Hal-loran (t975, tg|T)r æd Berry et al.

(fçgO) forurd that reduced l-eaf numbers on the mai¡ cuJ-m vÌas a charac-

terisbic of posb-cold treatment developnent of vernalization responsive

spri-ng wheats. However, Salisbury et g!. (7979) cautioned that fi¡aI

leaf number was not a valid measure of vernalization r€sponse under

conditions of alternating daily temperatures, when proportions of time

at each tem¡ærature vùer€ not equal.

Devay et g!. (tgZ6) found low temperature treatments of Bankuti

1201 wjnter wheat produced a S-shaped curve for reduction i¡r leaf number

with i¡lcreasing durations of cold treatments. Thís i¡dicated a maxi¡um

and. mi¡ri¡um leaf nu¡nber as was proposed by R.rwis and GregoO çWZl)

for rye.

Spike develosnent. R¿hman et al. (1978) deterrni¡ed that the fi¡a]-

spikelet number was dependent upon the rate of i¡itiation of primordia

and the du¡ation of production of floral primordia" The phase from

termi¡al- spikelet production to ear emergence had no effect on fj¡ral

spikelet number (Rawson 1970).

Pi¡thus (7967) for:¡rd that the perÍod from seedling emergence to

i:ritiation of reproductive developnent was simiJar for all of the

wj¡ter wheats he tesbed¡ but earli¡ress of some cultivars occurred due

to a shorter i¡ritiation to headlng period. Rawson (fçZO) found a

sjmii-ar phenomenon among spring wheat cultivars. Reduction i¡r

spikelet number was possibly due to reduced numbers of pri-mordia pres-

ent on the primary apex at the time of floraI initiation and reduced
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period (Hafse and Weír t97Or Rawson tgTO)"

Pugsley (t966, 1968, L}TL), Derera and Etliso (tg|tù, Wa1l and

Cart,wright (tgZl+) r and Ford ( 1977) reporbed that spikelet nr.¡mber de-

creased with i¡creased cold treatment durati-ons i¡ vernali¿ation re-

s¡nnsive wtreats. Salisbury et gI" GgZg) and Berry g! gl. (f980) were

wrable to esbablish relationships between fijrÌal- spikelet nr¡nber and

degree of vernalization r€sponseô

TjLlerj¡e" Ve¡na-lÍzation :responses have been associated with decr.eased

tirler number' PtrrrrÍs (tggln) for¡rd that when flowerlng of r.¡j-nter rye
was delayed by lack of cold treatments, the til-ler nirmbers r{ere on

the average higher" However, the tillering activity had not delayed

floweríng si¡ce floweri¡¡g had occurr.ed with as high a mean tiller
nr¡mber as 28"/a and faited when mean tii-ler number was or:ly 1,!.
coo¡ær (nsa) demonsbrated that removal of side tiLlers did not

i¡rfluence the vernalizati.on nesponse of Loliun rigidum,

McKinney and sando (r%5) noted that conditions favor:rÌng

earli¡ess also favor:¡ed :reduced til-Ier nr¡mbers i¡ Ha¡vest eueen wj¡ter
wheat. Ievy and Peterson (tg?Z) found that for sprÍng wtreat cultivars
with vernalization responses¡ reduced tl-l-]_er nw¡bers accompar:ied

i¡creased durations of cold tæatments, hrgsrey (rgsg) proposed that
vernalÍzation Í¡fluenced titler nr¡mber by the decreased time r¡r¡til-
flora-L l¡ritiation and ear emergence causing prematur^e te¡mi¡ation of
tiller develo¡ment,

Bert (1936) fournd that the rate of tirrs¡i¡* j¡ vernali-zation

:responsive cr¡l-tivars of oats, barley and wheat was higher j¡ vernalized
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plots than i¡ control plots during early develo¡ment; but the

shorLeni¡g of the vegetative phase prevented. normal ti-l-ler d.evelo¡ment

and t,he controls ended up with more tillers than the vernalized plants,

Pu¡vis (tç+s) for:nd i¡r a field sbudy of effects of planting date

on the attai¡ment of fl-owering in vernal-ized petkus wi¡ter rye that

a reduction i¡ tilIer nunber accompanied both i¡rcreasi¡g durations of

vernalization treatments and later planting dates. However, the

nunber of ears 1ær earing plant i¡lcreased as flowering was accelerated.

Dqgtion of Cold Treatment

The degree of response shown by a cultivar is often relative to
the duration of the cord treatment (Derera and Ellison rg7ht l(laimi

and QxralseL 7974, Hal-loran t97T). r.ojkin (tgg6) referued to the

mj¡jmum cold duration that maximized response as the mi:rimr¡n effective

duration of chirli-ng" Marbinic (rgn) and Gotoh (tgZS) defi¡red this
mj¡imun effective duration as the vernalization requirement of a

cultivar. The expression of the vernalization response can be charac-

terized by its pattern of develotrment with exbended vernalization

træriods.

Claj:sification of requiremepts. Marti¡ric (tgB) described three

classificati-ons of wheat based upon vernalization reqr:irements:

1. Spring--non-responsive to 1-1OoC cold treatments, niJ-

requirement;

2. ï¡termediate-fl-owered with sprÍng plantings but were

accelerated by five to thirby or more days when vernalized

for less than twenty days;
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when sprilg planted or grown at -temtræratures above lzo7,

but when vernal-ized for 20, 30, to 60 or more days r:niform

early heading was obtai¡red"

Gotoh (nZe) cited j¡ Gotoh (tg7|t I9T9s 19SO) described cri-
terion a¡rd classes for classiJication of vernalization requirements

i¡ wheat. For the tesb, cold tr"eatments at 8oc under conti¡ruous

iJ-luni¡ation were given to one-leaf seedlings for durations i¡rcreas-

i¡g by i¡rcrements of five days, The duratj-on necessary for completion

of the vernalization requirement was determined frøn the length of

the mi¡irnrrn cold treatment that resul-ted i¡r plant,s reaching flag

leaf emergence of the mai¡ ci:l-m withi¡ J{ days of the end of the col-d

treatment' PosL-cold treatment conditions were at 2ooc and wider

contj¡ruous lightilg" Class I had no vernal-ization requirement attaj::-

ing flag leaf emergence withrn 3l+ days withoub any response to cold

treatment" Cl-ass II had no vernaJ-ization requirement bub did display

a slight vernalization response to cold treatment. Cl-ass ITI required

five days of cold treatment to attai¡ flag leaf emergence w1thjrr 34

days" Cl-ass IV required between ten and thirty days of cold treatment.

Class V required either 35 or 40 days of col-d treatment" And Class VI

required 45 or more days.

Patterns of development" Classification of cr:l-tivars by requirement

does not account for the develotrmental pattern of the vernalization

response. Patterning of responses takes i¡rto account the milimun

duration that wi-l-I produce a response and the cunul-ative, irregrrlar

or threshold nature of the response (æW and Peterson 7)f2, Derera
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and Ellison 7974t Ha].loran L977t Berry qt aI. 1980)"

The mosb cqnmon pattern of response is the cr:mulative or graded

response. This was the type of response Lojkjn (tgl6) described. for

Turkey Red and læapts Prolific; w'ith cold treatments varyilg frøn

thirfy to sÍ:rty days, the length of the vegetative period decreased

quantitatively with i¡creased cold durations. For Fetkus w'inter rye,

seven days of cold effectively initiated some r€sponse and as the cold

Lr"eatment j¡creased a graded response was found up untiJ- 14 weeks of

træatment (zurvi-s and Gregory t%7). The wi¡rter arrnuals-Trit_icr:m

aestivr¡n (Squaresheadrs Masber), T, .aesLivi.¡n (Yeoman)r !" gg-&ifopo,iggg

(z¿r), Io1ir¡n rigidrm (wimmera)r !" it4icr¡n (rrisn)-showed a rægular

relationship between length of the coJ-d treatment and acceleration of

flowering (Cooper 1956). KJ-aimí and Qualset (797+) and Devay et a]-.

(tgZ6) found that a quantitative vernalization response occu¡red with

from two to seven weeks of cold treatment for the wi¡ter wheats they

tesbed" In spring wheats tesbed as having vernalization responses,

cr¡nulative responses have been fomd by Riddel-l and Gries (tg!gb),

T-evy and Peterson (QfZ)¡ Derera and Ellison (tgZt), I(laimi and

Qualset çtlZ{) r and Halloran çpZf) "

Irregular responses i¡clude cr¡nulative responses where plateaus

and./or r"etardation occurs with extended co1d. durations that may or

may not, b¡ith sbi-l-l furt,her extension of cold durations, show a

renewed graded r€sponse. Grant (tg6ln) and Derera and Ellison (1974)

for¡nd retardation with extended cold treatments of wi¡ter wheats"

Halloran (19?7) reporfed that the developrental patterns of ve¡naliza-

tion response i¡ the cultivars Gabo and Mexico 120 had plateaus from
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two to five weeks with further acceleration when cold treatments were

longer than five vJeeks.

The patterns of vernalization response with duration were related

to the expression of vernalization genes i-n near-isogenic Triple Dirk

wheat 1i¡es by Berry et gI. (fç90). Two classes of response vùere

found: 1) a thr"eshold. or al.J-ær<rothÍng response; and 2) a cunula-

tive or graded response. The threshold response was attributed to

the gene action of vrnJ and,/or vrnd; and the cr¡nr:lative response, to

the gene action of vrn1, The action of vrn2 was found to i-ntensify

the two classes of response,

The relationship between duration of the vernalization treatment

and expression of the treatment with varying spring field planting

dates was determined by Pr:rvis (fg¿g)" hlith delayed sowÍ-ngs, progr€ss

towards floweri¡g was delayed i¡ u¡rvernalized Petlnrs winter rye and

accelerated i¡r spri:rg rye. The response of the wi-nter rye to short

durations of cold treatment was græater after early sowings than late;

whi-l-e the response to long periods of cold treatment was greater after

late sowilgs" Purvis attributed the differences due to sowing date

to the i¡fluence of natural vernalization under field conditions.

Zuzens (tggf) found the same trænds with sprÍng wheats. Non-respon-

sive wheats, Neepawa, GlenJ-ea and Yecora /0 were accelerated by

delayed sowings but responsive l¡heats, Pitic 62t Iß339¡ Fielder and

Cajeme /1 were retarded by delayed spring sowings on a percentage

basis of the non-responsive wheats.

ReversibiJ-ity

The reversal of the effects of cold treatments by an antagonisb
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such as vrarm temperatures was termed devernalization by Gregory and

Purvis (t%6U). BeversibiJ-ity of the vernalization reslrcnse of

parbialty vernalized plants by devernalization and revernalization

has been described as a fimdamental properby of the vernalization

process (eurvi-s 196L). Purvis and Gregory QISZ) al-so found that

assessnent of the stabiJ-ity of the vernalization response coul-d be

made by exposrlres to devernalizing condj-tions"

Devernalization, I"ojkin (tgg6) reporbed that drying of vernal-ized

seeds and. exposj¡g then to warm temperatures (t5oC) decræased or

nuJ-lified the vernalizatj-on al-ready produced.

Gregory and Pu¡vis (t%6a? !938bt !94s) and Prirvis and Gregory

(tgSZ) through resbricti¡g growbh by an anaerobic environment or

l-imited moisbure foi:nd that high temtræratures (zOoC or 35oC) bror:ght

about a quantitative reversal of the 1ow tem¡ærature (t-ZoC) effect

j¡ Petkus winter rye" Progress towards flowering obtai¡ed from six

weeks aL zoT vùas progressively neduced by increaslng the nr¡nber of

i¡tercal-ated 24-hor:r periods at zOoC o l'ühen the relative periods at

low and high temperatures were mai¡tai¡red aL a 2:1 ratio and a total

of six weeks of coId, bt¡b the absolute lengths of the two peri-ods

were decr"eased, the progress towards floweri¡g was retarded. Expo-

sures to 35oC for I and 1ó hours and 1, 2, 3, 4 and ! d.ays were found

to have littJ-e effect on time to flowering of spring ryer but did

cause a marked and progressive delay i¡ flowering of wi-nter rye

(previously vernalized for sjx weeks at lo0)' DevernalizÍng temper-

atgres tesbed ranged frøn 15-17oC to 4OoC. Followilg devernalization

chiJ-Ii¡g treatments resulted i¡ revernalization.
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Friend and Grego"y çtlSl) reported that the devernalizing effects

of high temperature s (Z5oC) were aru:uIled by six weeks at this high

temlærature. F.rj-end and Purvis (f:6:) determi¡ed that prolonged

exposures of thr"ee to six weeks to devernalizing temperatures acceler*

ated flowering onl.y when given after partial vernalization of four or

six weeks" The trade<ff between devernalization and promotion by

high temperature (eOoC ) occurred at 12 days for parti¡'l'ì y verzralized

whole grains of Petkus wJnter rye. Heat treatments before vemaliza-

tion delayed the progress towards flowering of the subsequent cold

træatment; but they did not Ímpair the capacity for vernalization

providing the duration of the coJ-d treatment was sufficiently 1ong"

Chujo GgeeA, ]B67) exami¡ed the effects of various thermoperiods

on the vernalizati-on and devernalizati-on of wheat" The longer the

period of i¡tercalated exposure to high temtræraturæ the less effective

was the 1ow temperature j¡ accelerating days to flag leaf emergence.

Chujo for:nd. that short (S irour) exposures to warm temperatures en-

hanced the cold tr"eatment of 1ó hours. However, deverrralization was

observed when the period of the wazrn treatment was for more than

several days (i¡id " 7967) "

Devay É gI" Ggl6) reported deve¡nalization of wi¡ter wheat by

16 hours at 32oC. The errbent of devernalization was greater at the

lower dr¡rations of cold treatments. Following devernalization¡ selec-

ted plants vùere revernalized by cold treatments.

Stabílization. The sbability of vernalization responses has been

i¡cr"eased by increasing the duration of .the cold treatment (Cr"egory
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and Punris 1948¡ Ghujo 7967, Þvay et aI, t976)" Gregory and h¡rvis

(fg¿g) determj¡ed for Petkr¡s wi¡¡ter rye that as the period of l-ow

' tem¡æratu¡e *ras eróended the vernalized condition j¡duced u¡as progæs-

sively less easily reversible and finally was completely st,able to a

threeday expo$xne lo 35oA"

h¡rvis and Gregory 0952) reported that the sbability of the

vernalization r^esponse vJas enhanced by an i¡tercalated period at a neu-

tral- temperatur.e (f5oC) between the low and high temperature treatments.

Friend and hrnris (f963) determi¡ed that the sbabilizirg effect of a

neutral period was unaffected by the moisbu¡e supply during this period.

Stabitization was al-so effected by: 1) resfrÍcted water supply duri::g

dark, high temperature (ZOoC or 25oC) treatments; 2) 1ow Íntensity

i-Ilumí¡ation dr:ri¡g the high temperatu¡e treatment; a¡¡d 3) iLlu¡ni¡ation

durlng a neutral period when the heat treatment was i¡r darlcness"

Chujo (t167) conclrrded that t5o0 was a neutral tem¡ærature for

wheat because i¡ thermoperiod sbudies no devernalization occurrred wi'¡en

15oC was the high tem¡ærature treatment" l{hen the cold treatment was

at lOoC¡ gneater stability of the vernalizatÍon occurr.ed as devernalizirg

conditions werìe less effective tha¡r nhen the cold tr.eatment was at lower

tem¡æratures"

Goo¡ær (r956)e Denera and Erlison (t974), Halloran (rgZZ) ana

Ford et aJ.. (tçgt) fol-lowed their cold tneatments with a period (two

days to two weeks) of neutral tem¡ærature (fOoc to 15oç) to suaujLize

the i¡duced vernal-ization.

Stage of P1ant Develorment

Þlellensiek (1962) theorized that the prereçisite of vernalization



1,5

was active ceIL division. In theory therefor"e i¡ a¡¡y nondormant

söage fr"om po1-li¡ation to anthesis the 1ærcepfion and i¡duction of the

vernalized condition shorrld be ¡nssible, Devay g! g!, GgfS) rreport,ed

that vernalization of i¡nbibed graÍn took place at temperatu¡es of

OoC to -1oC whereat ceIL division was almosb completely Í-nhibited..

Ther.eforer Ín cereals the prer"equisite may be for a nondorma::t sbage

of develo¡ment where ceLL division is ¡nssible rather tha:r an absolute

:requir"ement for mitosis,

CoId trreatments arp ¡¡s¡elly given to imbibed or germi¡ated whole

grains (Xretcute lg6\ Derera and Ellison Lg74t lrleirlberge r lg75¡

HaJ.lorar¡ tg77t l{iegand et al. 1981). However, vernalization tr.eat-

ments may be achieved by treati¡g excised embryos (funtis t9l+l+t 19l+8t

and Friend ar¡d Pr¡nris t9Ø) or green plants (t<retufe l96tt Der^era and

EILison L974t Gotoh t975t 7977t 198Or and Ford et a.1. 1981)"

lg¡-hanresb develorment. Kosbjucenko and Zarr:baifo (f93l) for:nd

natural vernalization of seeds dr:ring ripenilg could account for ap-

par^ent discr"epancies between the vernali-zation requir"ement of wheats

from southern a¡d northern Locations in the Soviet Union" I:: seeds

ripened at lower temperatures the vernalization requir^ement was much

reduced aS compat¡ed with seed ripened at high temperatures. From the

early phases of seed formation r.¡nti-l- the beginning of wæc ripenessr the

embryo r¡as i¡ a vitally active state; it tras vely sensitive to ex-

ternal influences and was able to be vernalized" With seed matr:ration

the embryo enter"ed a sbate of dormancy and was less sensitive to

exbernal i¡ff-uence; the embryo losb its abiJ-ity to be vernalized



unti-l dormancy was broken

Riddel]- and Gries (tgl*)

vernalizatJ-on response i¡

t6

and the embryo reactivated" lùort (fç40) anA

discovered variabiJ-ity of develo¡ment and

seeds of wheat culti-vars grovJn i¡ different

This variability was attríbuted to naturalyears and./ or locations"

vernalization of the seed during develotrment. Riddell a¡d Gries found

differences vüere eUmi¡ated by exfended ve¡nalization.

Tnvesti-gations usi¡g mechanical- refrigeration have confirmed that

vernal-ization of the seed prior to dormancy is possible" Equivalent

d.egrees of verna-Lization were obtained by McKi-nney and. Sando (tçSS)

when seed of Harvest Queen wj¡ter wheat from the soft-dough sbager the

harddough sbager md one-year old grain was chilJ-ed for f2 days.

Gregory and Pu:¡¡is (t%6a) successfully vernalized Petkus winter rye

dr¡ri¡rg grain ripening by exposing the ripening ears to twenty days of

cold træatment. Gregory and Purvis (f938a) ascertai¡red by applica-

tions of low temtrærature treatments after anthesis and durÍng the

period of embryo develo¡ment that the earliesb stage of the embryo

tesüed (five days) vüas comtrætent to respond to the chilling treatment

and as the tirne of the application approached the onset of dormancy

the degree of vernal-ization attai¡ed was decreasedo ÍleibeJ. (9Sg)

fowrd that i-rnmature embryos of Comanche wj¡ter wheat could l:e vernal-

ized by harvesbi¡rg spikes with attached culms I to 12 days after

anthesis, standing the culms i¡r water and sborj¡rg them at O-4.4oC for

l+O-5O days.

Po.sl-harve.sL develounent. The degree of gerrnination during the cold

treatment, regardless of this degr"ee prior to the cold treatmentr was

assessed by Ïojkj¡r (tgl6) to have a major i¡rflluence on the degree of
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vemalization attai¡ed, with actir¡e grovrbh during vernalization
j¡creasi¡g the response" Hansel (lgfi) verified that the degree of

growbh of gertninated seeds prior to the coLd treatment had no effect

on the vernalization response reached.

Prrrrj-s (t9l+4 1948) neporLed that Ísolated errbryos of petkr¡s

wj¡ter rye l€sPonded to vernalization tr.eatrnents after an Ínitial 1ag

period of two weeks, The progr.ess towards cønplete ve¡na-lization

proceeded at the same rate as in ul'role grains after this delayed sbart,

Chujo GgASa) exposed plants of Norj¡ No. 2/ at O, 5t 10, !5? 20,

30¡ 60 and p0 days after sowing to thi.rfy days at ooc, 5oc or 10oc.

The vernalization r€sponse for all tem¡ærature treatments dec¡eased

with plant age, although overa]] the plants trreated at QoC exl¡ibited.

less nesponse than those plants tr.eated at 5oC or 1OoC. No hasbening

of flag leaf emergence was obtai¡ed in plæts aged 90 days; sli€ht

hasbeni-ng of flag leaf emergence was noted in plants aged 20, J0 and

óO days; ar¡d narked hasbeni¡g of flag leaf emergence was observed i¡
plarrts aged O, 5t 10 and 15 days.

Sal-isbury g! gI, G979) determi¡ed the genot¡rpic i¡fh¡ence of

near-isogenic Triple Dirk li¡es on the expnession of vernalization

¡esponse v¡hen the portion of the cold treatment given to gr.een¡ leafy

plants was i¡cneased. For exarnple, one week of cold treatment was

given to i¡nbibed seeds; these seeds rnene planted and allowed to

gror¡ under warm conditions; and wt¡en the plants wert of sufficient

sizeo these grìgen prants we¡¡e ¡eturned to the cord roqn for thr.ee

more l¡eeks of cold treatment, lwo of the near-Ísogenic Triple Dirk

15¡es extribited a threshoÌd res¡ronse, The Vrnlvrn2 genotype responded
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¡¡þe¡ ¡'l'l of the cold tveatment was given to the grov¡i¡lg plant and the

VrnlVrn2 genotype responded to the same extent when one-quarter or

more of the cold treatment was given to the growing plant" The vrnl--

vrn2 genotype displayed a graded response with the response increasÍng

as the portion of exposure to the growi:rg plants jncreased" The

response of the vrnl-Vrn2 genotytræ was r:naffected by the manner of the

cold tneatment.

Mcl{iJ-liam (úOg) and Gotoh (f980) noted that response to grìeen-

plant vernafization was more effective than conventj-onal seed vernal-

ization. Gott (1957) found that the wi¡ter wheat Mi¡ter Minfloris

was capable of being vernalized at any sbage from just germinated

seed untiJ sjx-weeks old plants with 6-7 leaves on the mai-n shoot.

Temperatu.re of the Cold Tleatment

As a biological phenomenon, vernalization is unusual because

whjl-e mosb biochemical processes are slowed dor¡r¡n by low temperatures

the vernalization process is i¡ducea (furr1s t96t). The tem¡ærature

of the cold treatments used to vernalize wheat commonly range from

ooc to looc (Grant 1964, Chujo 1966a). The most fr"equent temperatures

encoutered i¡ the literatur.e have been 1oC to 5oC, and although cold

trreatments arÌe often given at a consLant temperaturer ranges of cold

temtræratures have also been used as vernalization treatments.

Opbimum temper.atures" Various i¡vesbigators have esbablished optimum

temperatu::es for i¡duction of maximal- vernalization rresponse; and

opbirnum temperatures appear to be genotypically dependent. McKinney

and Sando (7%Ð determi¡ed that the range of 2.8-5.0oC r^¡as the
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opbùnum vernalization temperatr¡re range for Han¡esb Queent Currellt

ar¡d SoI w.j¡ter wheats, ¡l:rr¡is (fg¿S) obtai¡ed eQually effective ver-

nalization of Petlo-rs v¡.j¡rter rye vrith cold treatments rangÍng from

1oC to ?oC" The mosb effective tem¡æratr:res for r¡ernalization of the

wheat er:liÍvar Akakawaaka were 4oC arra 8oC; and of Âkabozu, Norj¡

No" 2f and Nori¡ No. 4 were 8oC and 11oC (Cnu¡o 1966a). Chujo (fçeSU)

esbablished the opLirnun range of r¡ernalj-zation temperatur"es for Norj¡r

No" 27 as 6oc to looc ar¡d for Norj¡ No. 4 as 6oc to 14oc'

By using a temlæratur.e gradient¡ Trione and Metzger (fçZO) deter-

mj¡ed that the opbimum temtrærature of vernalization for the wheat

cultivar Br:r'b was ?oC.

Under conti¡uous if-lr¡ni¡ation the t0o0 treatment mæcimized the

response of the wheat cultivar Nishirnr¡ra; howeverr iJÌ darlmess cold

treatments at either 5oC or lOoC wene equally effective (Inouye et al'

l96L).

Effective tempPratu¡es. Shorb of testí¡g for opbÍrnum temperatu::es

invesbigators have test,ed the effectiveness of a wide range of

temperatures for inducing vernalization respofis€S. Ahrens and Ioomis

(tg6g) vernalized Mi¡ter uri¡ter t¡heat as imbibed grain at temperatu:¡es

of 1oc and 3oc and as seedlÍng p1-ants at ?oc¡ ¡'ìl tr"eatments vüere

eç+1]y effective yrhen given for 6-8 weeks' Pi¡thus (f967) found

O"1,-Z"OoC and 1"5-3,OoC temperatu¡e treatments to be equal'ìy effective

when given for 69 days to cleo, CharnpleÍn, Proffeseur Marchalr CapeILe

Desprez and Hybrid 46 wi¡ter wt¡eats'

Ipjki¡ (tgg6) determi¡ed that vernalization of IeaP's Pro1iJic

ar¡d Turkey Aed occurred at 1oC br¡t not at -12oC althorrgh the latter
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was not injuri-ous to the seed. Cold tr.eatments for 67 days at -4.4oC

did not accelerate the heading of Harvesb Qaeen, CurreIL and So1 but

effective vernalization did occur at the -1.1oC lo !"7oC treatment

(l{cXirrney and Sa¡do t%3)" The lower temperatr:re lirnit for vernal-

izati-on of Petkus wi¡ter rye was established at -t*.5oT with a rapid

fa]] i¡ the efficacy of the treatment between OoC and -4.5oC (Hansel

L9fi)" Trione and Metzger (tg7}) identifie¿ 3oC as the l-ower lirnit

for effective vernalization of Burt.

Kostjucenko and ZarubaiJ-o çtlll) detected accelerated developr,ent

of wheat grown from seeds ripened at temtræratures as high as 14oC.

Riddell and Gries (fç¡ga) concluded LhaL t5.5o0 r"" effective i¡
partial-ly vernal-izj¡g ChÍnese SprÍng" The upper IÍnit for Burt was

goC (Trione and Metzger 1PlO).

Other Environmental Considerati-ons

There are mariy environmental factors both during and after the

cold treaüment that may i¡fluence the vernalization response. Gregory

and Purvis (f93SU) reported that the vernalizati-on of wi¡ter rye and

wheat hras prevented by the anaerobic conditions of a nitrogen atmos-

phere and o:4ygen tensions below the norm r"educed the vernalization

response. Derera and EILison (t974) used sodium hydroxide pellets to

pr"event carbon dioxide buiJ-d-up during col-d treatments. And a cornmon

procedure during the coJ-d treatment of seeds j¡ closed contaj¡rers

was to aerate the seed at frequent i¡tervals to disperse carbon di-

oxide (cooper 7956¡ cott 1961, Irteirberger 1975) "

Halse and. I'leir (tgZO) fowrd that short, day (fO hours light) ^a/
or cold treatment s (tZfToC) during posf-vernalization developnent
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reduced the vernalization re sponse of vernaf-ization-sensitive l*reat

cnltivars" Ghinoy (nSA) dete¡mi¡¡ed that the photosensitivity of

cr¡ltivars ¡rith vernalization responses was i¡cneased with Íncreasing

futfjllment of the vernal-ization requirement, Tnitiation in completely

vernalized tr"eatments of Petlnrs wj¡ter tye vras proportional to the

Period of post+oId treatment íIlr¡mir:ation, being fasbesb under conti¡-

uous light and slovresb in short aays (e.ott g! g!" tg55).

Light conditions du¡i¡g vernalization. Fedorov (tgZí) proposed that

the vernalizatj-on process was an extension of the photoperiod.ic

nestrþnse that neqrired shorb days during the initial. perÍod of the

develotrment s¡ran. .And rvhiLe hnris and Gr"egory O%7) found with

Petln¡s ¡t'i¡ter rye that short dqy treatments duri¡g early developnent

cot¡ld be subsbituüed for cold tneatments i¡ acceleratÍng develotrment,

Chujo (t966a, t966a,- :967) and Crotoh (tg75t 1978t 1980) effectively

vernalized plants with cold temperatur"e træatments under conti¡uous

iIlumi¡ation"

The effects of ì'l'l¡¡¡5¡¿lion duri¡g vernalizatíon ar^e de¡ændent

u¡nn whether the treatment is of seeds or gr€en plants and upon the

intensity and dr¡¡ation of the lightÍng" McKimey and Sando (l%5)

reporbed that the vernalization response of îrrkey was not sÍgnifi-

cantly i¡fluenced by darlcress or shor-b days during cold trreatment of

the seed, Kret<ul-e (fg6f) for¡nd that vernalization of green plants

was enhar¡ced rrnder field conditions by strort days and inhibited by

conti¡uous darloress, Pauli É gl" GgSZ) determi¡ed that short days

enhanced the vernalization ¡esponse i¡ seed t:reatments; however, it
shor.rld be noted that the st¡ort, day treatments were at 7oC and the
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dark treatments çære at 1oC"

rn a series of st,udiesu chujo (tg6g) educed the effects of lieht
dr.:rj:rg the vernalization of Nori¡ No, 2/" Darloess as opposed to

conti¡uous i'lluni¡atÍon durlng vernalization was found to lr¡hibit the

vernalization res¡:onses i¡ plants aged. 10, 15 and 20 days, whereas

O- ar¡d 5days o1d plants were not affected" Prognessive acceleration

of develognent accompanied incr.easÍng daiJ.y d¡¡rations of ij-lumi¡ation

of 1J-days o1d plants. Iow light j¡tensities werìe morne i¡ductive to

acceleration of developnent than high intensities, nl'ren plants were of

an age to be i¡fluenced by il1umj¡ation, Light was not nequined for
the vernalizati-on of sprorrted seeds.

Moisbu¡e durj¡g vernalization. The use of the LimÍted moistn¡e

techniqr:e durÍng ve¡nalization of seeds required that the moisbu¡e

content be at least lo percent of the dry weight ór tne seed (io¡tcin

t%6). Gradual decreasj¡g moisture percentages dr:rÍng cold tr.eatments

when the ínitial moisbr¡¡e percentages ï,erÞ 50 or ll caused i¡ù¡ibition

of the vernalization response; but gradual decreasing moisbure per-

centages Y¡l¡en the original percentages ü¡er€ óO or 80 were as effective

as constant ¡ærcentages (æ.), t{o¡t (L%9) for¡nd that seed ve¡nal-

ization of MarEris $¡as mor"e effective s¡hen seed moistrr¡e level was

mai¡tai¡ed at óO ¡ærcent than at N, 3Os 40 or 5V/.,

Gott (fg6f) and Wei¡berger lnZS) stressed the importance of

mai¡taj¡i¡g the percentage moistr.¡¡e of i¡nbibed seeds at or above 50

¡ærcent of the dry ueight of the seed du¡i¡g cold treatments by fre-
quent weighÍngs and additions of water when required" Gregory and

Purr¡is (tgSZ) foud r¡nlÍmited moisbu¡e supplied by placÍ-ng seeds in
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wet sand vras more effective i¡ j¡duci¡rg vernalizaLion tha¡ was the

lilnited moisture technique at 50'55/" moisLure supply"

Genetics of Vernal-ization and Cultivar Arssessments

ldentification _of the Genes

Studies of the genetical control of the vernal-ization response in

T. aest_ir¡um have revealed that this characteristic is controlled by a

srnaJ-l- nunber of genes with major effects (Quatsef f97S). Pr:gs1ey

(tgZZ) i¡ consr:ltati-on with Dr' Rn A. Mclntosh has designated the

genes controlli¡g vernalization in v¡heat as belonglng to Vrn series"

Although spring and w'j¡rter cultivars differ by mor"e than their

vernalization r"eq.rirement, sbudies on the genetics. of vernalization

have often been labelled as growbh habit sbudies (ffai.nri and Qualset

tg7Ð. McKi¡ueey and Sando (t%3) viewed the sprÍng and wi¡ter habit

as being differing degrees of earli¡tess and lateness so that upon

spring plantÍng those plants that flowened withj¡r the season vrere

termed spring and those that did not i¡ritiate ff-owerilg were termed

wj¡ter. Despite the linitation of phenological develotrment being

rxlder control by more processes than vernalization aloner using

earli¡ess and lateness as q:.antifiers of vernalization response has

allowed for the identification of the Vrn genes (zugsfey t97lt 1972

and Gotoh 1979) "

A ¡eview by Murfet ltllZ) covered the genetics of floweri:rg and

vernalization with special emphasis on wheat, maize and ¡:eas.

Con].entional seg¡eFation analysis" In studies of segregating

generations of crosses between spring and wj¡rter or sprilg and spring
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wheats, segregants have been classified into spring and wi¡ter types

(for example Cooper 7923, I{J-aimi and QualseL 1974t and Gotoh 1979)"

Howeverr many researchers have noted conti¡uous variation i¡ the spring

category and split the sprilg segregants i¡to classes based upon devel-

otrment (for example AamodL 7923, Powers 1934t and Gotoh 7977). Domi¡-

ance or parbial domi¡ance of spring over wi¡rter habit was concluded

by Aamodt (tgzl), cootrær (tgzg)¡ Gaines and singleton (t)26), Hayes

and Aamodt (1927)¡ Quisenberyy (t93r), R:gsrey (tg\, úTf) and KJ-aimi

and Qualset (7974). The nr:¡nber of genes i¡rvolved have ranged from one

(Pr:gs1ey 79Ø), two (Cooper t923t Quisenberry L932t Pugsley 7968,

Klaimi and Qualseb 197+), three (Powers 193t+¡ Pugsley Ig?I), to four

or more (Gaines and Singlebon 7926, Hayes and Aanodt 1927t Pugsley

1972¡ Gotoh 1977), depending on the cr:ltivars used in the i¡ritial
crosse s.

R:gsley (tgZZ) reporbed that the Vrnl al-Ie1e was non-responsive

to co]-d tr"eatment and episbatic to Vrn2. The Vrn2 and Vrn3 a]-leles

al-so conferred sprirg habit but were responsive to cold treatments.

A furt,her ¡'l]sls, designated Vrn[, was found to confer spr5ng habit

i¡r Gabo (i¡iA.)" R:gsley developed Triple Oirt (fO) tester lj¡res:

TD (VrnfVrnÀ¡rn3vrnL), fO-e (vrnlVrn2rrrnlrrrnta), T}{ (vrnlvrn2urì3-

vrn4), TD-D (Vrnf.rrnZvm3rr¡n4), TD-E (rrrnlvrn2Vrn3vrn4) and TD-F

(vrnlvrn2vrn3Vrn{); and these J-i¡es have been used to assess geno-

typic responses and genic constitutions (Gotoln !979t Salisbury et a]-.

1979¡ Berry çt g!" 1980), Gotoh (1979) four¡d the TD-n, TD-F and TD-B

genotypes to be responsive to vernalization and that wi¡ter types

(vrnlvrn2vrn3vrn4) varied i¡ their vernalization requirements" Gotoh
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(fç90) assessed that the vernal-ization requirements of wi¡ter wheats

?{ere governed by two gene differences but did not identify these genes

with respect to the Vrn genes,

Ane.upl-_oid sb_udies" Aneuploid series studies have been used to locate

the chromosomes whereon the genes governing vernalization l.ie and to

determi:re the muJ-tiple a11e1ic and dosage dependent naturre of the Vrn

genesc By the use of chromosome subst,itution j¡to Chi¡ese Spring

monosomics the following chromosomes have been identified as havlng

major i¡fluences on grolLh habit or earli¡ress:

1" JD (Kuspira and Unrau 7957t Knott Lg59t Tsr:newaki and Jenki¡s

1961, Tsmewaki 1962t Driscoll and Jensen 1964, Boyd and

SÍngh 1973r and others);

2" 2B (Kuspira and. Unrau 79572 Tsunewaki and Jenki¡s 7J61-,

Tsunewaki 7962, Boyd and Singh 79n);

3. 5A (K.nott L959t Tsrurewaki and Jenki¡s 7)67, Tsunewaki t962t

Dríscol1 and Jensen 1964t Boyd and Singh Lg73t and others).

The Vrnl locus has been located on 5A; and Vrn3r on 5D (Iaw et al.

7976t 1977¡ Cahal-an and I¿w 1979c Snape et gI. 1979). Incr"eased

dosages of the JD chromosome (V*¡) har¡e resulted i¡ earlier flowerÍlg

and. decreased vernalization nesponse (Hattoran 1967t Cahalan and Iaw

1979). Hal-loran (tgZ6) determi¡red single genes on each of the chromo-

somes JA, 58 and 5D i¡fluenced vernalization response. However, Snape

È gI. G979) educed lrithir-r chromosome episbasis on 5D i¡dicatirg that

ther"e may be more than one locus on this chromosome. T.a" g! g!,

(tgl6) proposed multiple al-lelic serj-es at the 5A and 5D chromosomal

loci to accor¡nt for the variation between s¡:bsbitution 1i¡tes.
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Assessments of Cçnotype s

Martj¡ic (t|n) described the requirements for a generally adapbed

wheat cultivar to be a spring wheat $¡ith little or no vernalization

response and low sensitivity to photoperi-od" He aclmowledged a need

i¡ fa]'l -planted cultivars for a control mechanism to delay fJ-oweri-ng

so that if wi¡ters v,¡ere sevelre damage to the flora1 organs would not

occur" Gotoh (1975) foirnd vernalization requirements of cultivars

selected from the Tnternational hii¡ter lJ'heat Performance Nursery

(fWWpU) varied from zero to seventy days; and w'ithi¡ the cultivarst

Rousatka and Blueboy, heterozygosity of vernalization requirement was

demonstrated. Therefore, the vernaJ-ization response of wi¡ter planted

cultivars was not a clear-cut requirement but was a matter of 1ocal

developnent and adalÈation. The vernalization l€sponses of sprÍng-

planted cr:l-tivars have also been found to vary althoUgh ræquirements

were not as great (ttattoran 1975). Wal-I and Cartwright (f974) con-

cluded that vernalization was an Írnportant maturity control mechanism

in spring ci:l-tivars from tropical regions whereas cultivars from

temperate zones had their matu.rity controlled by phototræriod.

Marcellos and Single (nfl, revy and Peterson (t972), Syme (19n)

and Ford g! +. (fçgf) opined that the vernalization response of

spring wheat cultivars vÍas a matter of best adapLation to a local-

c]-imate.

Cu tiv.ar nesponses. Pugsley (t97!t 1972) a¡:d Gotoh (tgZg) have as-

sessed cultivar responses on the basis of Vrn genes. Obher research-

ers have assessed cr:ltivar responses andfor requirements but have not

attempted to relate their findings to the Vm genes'
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Pugsley (t97t, L972) repor'fed the fol-l-owing relationships between

genotype, vernalization response and sprirlg wheat cultivars:

1" Vrnlrrrn2'rrn3-ni1-Ko1ben, Thatcher, I^ll'115r TD-D;

2" vrnlVrn2r¡rnJ-positive-Bro¡ar Schlansbedt ? TD-B' Fesbiquay,

Gabo;

3, vrnLvrn2Vrnl-positive-Ioro, Chi:rese Spri-ng¡ TD-E;

l+. VrnlVrn2vrn3-nj.l--Triple Dirk"

Gotoh (7979) concluded that the Vrn3 aJ-lele was indigenous to

Japanese spring wheat cultivars and that the vernalization response

conferred by this aJ-lele could be adapbively advantageous to the

growing conditions i¡ southern Japan"

McKi-n:ney and Sando (r%3), lüort (rç+o), Riddelt and Gries (úfea),

Syme (1968, l9n), Halse and I'leir (rçZo), Marcellos and single (tgZt),

I-erry and Peterson (tglz), Derera and Ellison (t974), l'1a11 a:rd

Cartr"right (r97t+), Klalmi and Qualset (nfU), Halloran (tg75t L977)t

and Ford et a]-. (fçgf) have assessed the vernalization responses of

numerolls spri-ng cultivars" Despite the wide range of vernalization

treatments (i.g. differences i¡ durati-ons¡ temperaturesr stages, and

post-cold treatment conditi-ons of temperature and light) classifica-

tion of cultivars among researchers have been fai-rIyr although not

absolutely, consisbent" Those responses of j¡teresù for this thesis

were the positive r€sponses of Pitic óZ (Syne 1968t 1973t Levy and

Peterson 1972t K]-ai¡ni and QualseL 1974t !ta'l1 and Carbwright' 1974t

Ford gl g!. 19S1) and Cajeme ?1 (Í¡a11 and Cart,wright t97L). i{ar 1 ¿¡1d

Cartwright (1971+) found Yecora 70 had a slight response to their

vernalization treatment" Marquis has been classified as non-respon-
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sive by McKÍnney and Sand.o (L%3) and Wa]-I and Cartwright (rçZ+) an¿

as responsive by tdort (t9l9t t9l+O) and. Iævy and Peterson (t972)"

I-evy and Peterson (tglZ) and HaJ-lovan (t977) foirnd that the

vernali-zation requirements of spri:lg cultivars vlere variab1e but that

i¡ most culti-vars the requirements vrere fuJ-fiJ-Ied withj¡ fou¡ weeks

of cold treatment"

Br"eedj¡rg programs. Gotoh (1977) felt that spring x wi¡ter hybridiza-

tion programs by such i¡ternational groups as CI}4'{YT would produce

wheat Ii:res that woul-d differ in their vernalization requilements.

Even from spring x spring crosses, Gotoh çtlfl) found the resutting

cuJ-tivars differ"ed in their vernal-i-zation r"esponseso

Halloran (1977) proposed that breeders cor:-ld select for i¡cr^eased

yield by selecting for j¡creased spikelet nurnbers, without drastically

al-tering matr:rity. Pi¡thus (tgSZ) and fiahman et af . (nZg) found

that a component of spikelet nr¡nber was under genic control and i¡r-

herited independently of verna-l-ization response" I{al-l and Cartwright

(1971+) concluded that breeding for larger spi-kelet numbers by j::-

corporation of a positive ve¡nalization response would not be effec-

tive i¡ temperate regions where spring temtræratures wo¡rld cause natural

vernalization and concumently reduction of spikelet nìmbers"

Iævy and Peterson (tgZZ) suggested that positive vernalization

requirements i.¡r sprilg wheats did not serve as an adapbive advantage

but were remnants of the evolutionary process rei¡forced by the

appearance of wj¡ter types i¡ hereditary bacþrounds.

McEwan (JpOA) found that the i¡fluence of the par"ental environ-

ment on the perforÌnance of the progeny was profound and emphasized
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the necessity for the use of sbrictly comparable seed i¡ i¡vesbigations

of r¡ernaLization or photoperiodic rÞsponse and j¡ field trials for
cultivar asse ssnent s and com¡rariss¡s,

Hypothe se S of Vernalization

HisLor:¡

The mecha¡rign wherrby a period of cold tr"eatment can act posb-

hence on a phase of develo¡ment that is thereby accelerated has r¡e-

maj¡ed hypothetical. r¡r reviews by l,lhyte (rç¿s), chouard (19æ)?

Rrrnis (rg6r)r ù¡d saì-isbu:y Ggeil the develo¡ment of theories of

r¡ernalization har¡e been discussed.

Chouarrl (tp¿O) has outli¡ed the requin=ments that a theory on the

phenomenon of nernalization need encompass as3

1" Effective cold temperatu:res;

2n Effectir¡e cold dr.¡rations;

3" O:rygen;

l+" Moisture;

5. Carbohydrates to support nespiration (Rrrl:is t9t+T);

6" Stem or bud pr5mary merisbems (IshÍiara 1961),

As well the theory musb accor:r¡t for the dr¡ration bet¡¡een :receltion of

the cold treatment and the i¡itiation of flo¡verlng" The:¡eforer postu-

lation of a sbable cønpormd or prolonged ar:ùocatal-ysis of the vernal-

ized condition wor¡1d be appropriate.

Early theories. IOebrs $ripeness to ff-owern theory encompassed the

i'n¡nrtance of tem¡æratu¡e, light and/or darloaess on phases of plant

develo¡ment (cited fn l{hyte 194S), ICLeb felt that the batance between



30

carbon assimiLation and mi¡eral nutrition Ìüas irnportant in bringÍng

abor¡b ri¡æness (cited i¡ hrnris t96t)i and this theory l-ed to such

practices as controrti¡g fartilizerapplications ar¡d pruning to stj¡-
r¡late flor+ering (cited i¡ Salisbury 1963)"

Gassner (fgfg) cited i:l }lhyte (fg¿e) posbr:lated that 1ow temper-

atr:¡es acted as a r.elease on flower formation and cited i¡ Rln¡is

(fgóf) that the rate of sti¡r¡lation of flower5ng was proport,ional to

the decreased temperatu¡e"

Tolmacev theorized that cold temtræratulps ¡'ìle¡¡sd for sufficient

accr¡mulation of products of disi¡tegrati-on i¡ the frstem pIasnfl that

stirnr:lated frruit bearing (cited in lfhyte 1948),

Cholodny (l%5) presented the "Blastenin theory" to explain the

effects of vernalization (cited j¡ hurris t96l). ft was based on the

premise that high concentrations of ar¡xi¡ develo¡æd i¡ the embryo from

the aleurone and endos¡ærm during cold temtræratur"e tr.eatment and that

this sti¡nulated fi¡tu¡e develo¡ment (B1asUenÍn=ar:xi¡r) (cited Ín lJhyte

1948)" This theory has been discredited by the fi¡di¡gs of Hatcher

çtl[S), Michniewicz et al. (rlZ8)u and Reda * gl, (rçZe), that aI-

though auxi¡ Ievels j¡c:¡eased durÍng cold treatments of imbibed seeds

this auxi¡ had no dÍrect role in nernalization.

the I'Stadialtf or rtPhasic theory of develo¡rnentrf was developed by

I,ysenko (cited in l{hyte 1948) " Iysenko posbr:lated the exisLence of

developnental sLages each vrith absolute envirrcnmental requirenents;

howerær the sbages rær"9 ir¡ a set orderr the same i¡ all s¡æcies,

absolutely irreversibles ed due to irr.evocable physical changes of

ihe protoplast (cited fl i{hyte 1948s ChouarrC 7960e Pu¡vis 1961.?
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Salisbr.uy L9Ø). the thermic pt¡ase was i¡versely related t o temlæra-

ture (cited in Whyte 194S)" As arr plants passed through the thermic
1'

pürase¡ Lysenko develo¡æd his proposals of cold treatments enhancing

developnent and yields (cited jn I.oiki¡ 1936)"

Þ scriub ive me chani sn s, Nu¡ne rous de scri¡rL ive formr:lat ion s ilvolvi::g
flower producilg substances have been develo¡æd, Schemata have j¡-

volved the production of promoters or destmction of i¡ttibitors of

the floweri.ng process"

Var¡ de Sar¡de Balchrlygen (L947) proposed that an enzJ¡me designated

as rtvernalasert was a product of low tem¡æratures or the thermophase

(cited in Chouard t9&¡ Puruis t96t)" Drrdrga¡i i¡ter phase, promoted

by warm temperatures and short days, vernalase catalyzed a reaction

resrrlting j¡ r?vernali¡etr that wor:Id r:nder appropriate concentrations

be conr¡erted during the ttphoto¡fiaserr to a trflorigenrr precu.rsor"

Lang and Melchers (l9l+7) e>çr.essed their obsen¡ations of r¡ernal-

ization Ín Hyoscyamus niger (henbane) on the basis of reactions havi:rg

differrent reaction coefficients greater than one (cited i¡ Prrnris

L96t)" A precursor was posfulated to be converted at J.ow temperatures

to a thermolabii.e i¡termediate" This i¡termedi-ate would be converted

to the stable end produet at normal tem¡æratures and i¡ the Presence

of o:qrgen (cited i¡ Chor¡ard 19óO). At high temperatu-res however the

i¡te:mediate tras i¡activated by heat devernalization (cited i¡ Chouard

19&¡ Pr¡nris t96t).

F.rn¡is and Gr.egory 0952) hypothesized the existence of a prre-

cursor A that was transformed to Ar duri¡g Iow tem¡æratr:.nes; this

reaction was reversed at high temperatures leading to devernalization'
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The conversion of Ar to B was proposed to procede at either Iow or

normal temtræratures accounting for the j¡creased sbabi-lity of vernal-

ization with time and j¡termediate temperatur"e treatments" The sub-

stance B could be converfed to E, a vegetative hormone promoting leaf

production, or to C. The product C was converted to D duri¡B appro-

priate photoperiodic conditions. The i¡termediate Ar was thermolabil-e

whij-e the i¡temediate B was thermosbabiJe" Differential temperature

coefficients of the i¡termediate r"eactions greaüer than unity were

used to explai-n the overal-l reacti-on (zunris 7961) "

Napp-Zinn (t%7 t L957) developed a schema of the vernafization

reaction in Arabidopsis thaliana var. Stocld:olm that j¡volved a series

of r¡eactions r¡ith thermolabil.e and thermostabile intermediates (cited

i¡ Chouard 7960, Purvis 7961).

Genetic Theories

Studies have revealed that the vernalization requirement was

under genetic control. There arose a need to integrate schematic

mechanisms with gene control and.r/or products. Both Melchers (nfZ)

and R¡rvis and Gregory QçSZ) recognized that the vernalization

requirement of their respective plants of studyr henbane and ryer vüas

under genetic control (cited j¡ Purvis t96t). ft¡n¡is and Gregory

(tgSZ) posbr:J-ated that the spring form of rye was capable of bypassing

the vernalization requirement by directly converti¡g A to B indepen-

dent of low temperature and the intermediate Ar " Melchers, however,

srrggested that the spring gene corrld stabilize the Íntermed.iatet

reverse the devernalization reaction or mediate dinect formation of

the fj¡al floweri:ng product (cited in hrr¡ris t96t) "
I
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Genome Índucti_q4. The ¡rtrenomenon of gibberrgJ-li¡ i¡duction of vernal-

fzation for¡nd by Casa g! g!. (1960), Weibel (1960), Pauli g! gl"

(tgíz), Boldnrc g g!" (rgZo) and Kr¡lka and Rejowski (1975) was ex-

plained by the lattermosb authors as triggering metabolic changes in

the plant" The mechanign of GA3 action was proposed to occur by: 1)

der.epression of the genome leading to biosynthesis of specific mRIüA

and enzymatic proteins s¡æcific to thermic i¡ducti-on ¡ or 2) the direct

effect of GA3 on the conformation of protein molecrrles j¡volved i¡

thermic i¡duction (i¡ia, ) .

Tazawa È g!, (tgZg) suggested that the effect of vernalization

was due to: 1) the præsence of differ.ent RIrIA ¡rcl¡rmerases, such as

Iow- and high-temperatur"e sensitir¡e Rl{A polynerases; or 2) modifica-

tion of chromati¡ stnrctu¡e by the low tenperature so that low-

tem¡ærature-specific mRIrlA could be s¡¡nthesized"

, Although vernalization has been weIL coneepLualized the under-

lyi¡g process has not been írrevocably esbablished nor a rtvernali¡r'

compound been isolated,
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MATERTALS AND },ÍETHODS

General Procedures

Vernalizatíon

The cultivars of T" as:sbivum used i¡r this study were of di-verse

origln and agronomic i"nrportance (tatte t)" Al.l ten cuftivars were

assessed for their vernal-ization response and further study of

characterisbics of vernalization r'Iere carried out with selected

cultivars" Excepb where noted cold treatments were carrj-ed out i¡ the

vernalization rocrn that has a short day (8 hor:r) light regime and /*t1o6

tem¡æratr:re regime. Lighting ldas supplied by two white fluorescent

tubes ¡ær bench.

Sterilizalion and germi¡ation" The grain was surface sterilized

with sodirm hypoehlorite. The sberilization was for four mj¡utes v¡ith

a 2"51" soluti-on of sodir¡n hypochlori-te. The four mi¡utes had been

established i¡r a preliminary trial as effectively reducing fungal and

microbial growbh without seriously impairlng srbsequent germi-nation"

After draining the hypochlorite solution, the graln hÌas covered with

distij-ted water and left j¡l room conditions for 2Ja hours. The water

was drai¡ed after the jmbibition period and the grain was placed on

moist fiJ-ter paper i¡ the petri dishes for a further 24 hours i¡r room

conditions to ensure gerrnination as i¡dicated by the emergence of the

radicle. Grai¡r for the control or unvernalized treatment was simiJ-arly
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TABIE 1. Originr days to matr.rrity and ci:ltivar responses to ve¡naliza-
tion of the ten sprilg wheats used i¡r this sLudy"

Cu]-tivar 0rigirl Days to^ Vernalizatipn
Maturityo Response'

Benito Ïrl" Canada

Cajeme J1 Mexico

Fielder

Glen]-ea

Marquis

Neepawa

PlLíc 62

Frelude

Si¡rton

!'1" Canada

ïù" Canada

Ïü" Canada

trrl" Canada

Mexico

Canada

hI. Canada

104

to5

L01

100

106

100

Moderate

Little or none

Moderate

Little or none

ï.ittle or noneTecora /O Mexico

àc Based on averages from Ï'lestern T'lheat Co--operative Tesbs.- 197849"
bo Based on Literatire findings.
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treated bub remai¡ed i¡r room conditions until this grain was judged to

have attai¡red the same stage of growbh as the vernalized grair"

Moistu-re mai¡ltenance and aeration" The grain was weighed before

sberi-l-ization to establi-sh its dry weight, After inbibition, the grain

was weighed to ensure 5Ø" noisLure content of the grain. The grail was

then placed on moisb fil-ter paper" the moisbure of the imbibed seed

and moisb filter paper was maintai¡ed by weighing after germination and

throughoub the cold treatments for replacement of moisture, lost through

evaporation, with disbil-led h¡ater. The weighings during cold treatments

took place at weelcly Íntenrals and at this same time lids were removed

so that the grain might be properly aerated" The aeration was done by

gentle shaking of the contai¡rers for approximately 75 seconds. For

some experiments, dishes were kepb in polyethylene bags and moisbure

contents were mai¡tai¡ed at relatively consbant levels.

Pl-anti¡g Procedures

For all experiments exce¡rb the fiel-d planting¡ the germinated grair

was planted i¡ soil-fjJ-led pots. For the field planting¡ the germlnated

grain was planted i¡ "¿1¡¡r"B't'*" *r" before being transplanted. to

the field" Cold treatments and controls were sbarted so that a]I

plantings per experiment could take place at the same time; with the

onJ-y exception bei¡rg the experiment on plant age where germinated grai-n

was planted prior to cold tr"eatments" Excepb for the field planting

of Experirnent III, all experiments were carried out i¡ growLh rooms or

greenhouses. Tem¡æratr:re and photoperiodic reglmes were controlled i¡r

the growbh roøns; j¡ the greenhouses, nati:ral daylight was supplemented

and e>cLended by fluor¡escent lighting.
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E9Èrjå. I?¡e soil- mix used for n'11 ex¡æriments túas 2loam ; 1 sand ;

1 peat" Either 1@ mI of granr:lar 11-484 fertiJ-izer was added ¡ær ten

shovelsfr¡-L of loa¡n at the ti¡ne of mixing or 200 m1 per pot of water-

soluble 2f,-zo-æ fertil-izer at 3 mI[ was applied after emergenceo

Mai¡tena¡rce" .After planting, pots wer"e given a sr:bsbantial watering

to moisten the soiJ and prevent the seedlings frøn drying out, There-

afLer, waterirg was dor¡e on a dail-y basis by the greenhouse sbaff,

As nequired, experiments were sprayed by the greerrtrouse sbaff for the

control of aphids¡ spi-der mites, powdery mildew and nrst"

St at i sbica]- Procedr:¡e s

A split-plot randcrnized desigì $,ìith neplications was used y¡t¡ere

appropriate" Ser¡eral seedlÍngs (3-ó depending on ¡rct size) of the

same degr.ee of grovrLh wer.e transplanted i¡to pots with each pot

contaj¡i¡g plants that nepresented one tr"eatment. Measurements were

taken on an i¡dividual plant basis and pot means wer"e used i¡ the

analyses.

Parameters measu¡ed. Measurements yrere taken on the mai¡ culm of

i¡dividual plants, At two and thr.ee day intenrals plants r'rcre assessed

for grolvbh stage attai¡ed and tagged, To facjJ-itate counting of leaf

nunber the third leaf was clipped soon after it emerged, The fol-lowing

parameters ú¡ere rneasr¡red i¡ all or scme of the ex¡æriments:

1o D4ys to flag leaf emergence (O¡f¡)-the number of days fran

plantÍng to the firll exLension of the flag leaf (auricles
...-visible);

2, Days to heading (Ut)-tfre ni¡nber of days frøn plantÍng to fuLL
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emergence of the head (aJ-t spikelets visible above the flag

j-eaf);

3" Days to anthesis (nA)-tne number of days from planting to

exbension of the anthers and shedding of pollen i¡ the central

spikelets of the head;

4" Days to maturity (nt)-ttre number of days from planting to the

lasb occurence of green tissue on the spike;

5. Fjnal leaf number (fi,m)-the number of l-eaves of the mai:l culm;

and

6. Spikelet number (SfU)-ttre number of spikelets consbituting

the spike of the maj¡ cuam.

llsff,Egg" ExperÍments where more than one cultivar was used were

arranged j¡r the greenhouse or growLh room with the cultivars as mai¡r

p1ots. Cultivars were randomly arranged per replicate and treatments

were randomly arranged within these mail plots" l{here sub-treatments

were i¡cluded i¡r extræriments these zub-treatments were randomly arranged

v¡ithi:r the sr:b-pIot treatments (split-split plot design). lrlhere

feasible pots were rotated !¡ithix'replicates to reduce error due to

Location of the pots withi¡ the replÍcate.

Analyses of variances vùere performed using the General Lj¡rear

Models (Cn'l) procedune of the Statisbical Analysis Sysbem (SAS) computer

programs"

Because the parameters measur"ed were i¡fluenced by posb-cold

t¡"eatment conditions, corr^elation coefficients v¡er"e determi¡red between

parameters per ex¡æriment to determi¡e their r"elationships to one

another. This procedure enabled detection of non-li¡ear relationshíps
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that could reflect differential responses to the environments of the

developing plants" Assessment of the validity of usi:rg a parameter as

a measurE of vernalization tEsponse would then be made"

pearson productrnoment correl-ations and significance probabi-l-ities

were calcu-l-ated usilg j:rdividuat plant measulements" Correlations

were performed using the SAS procedure CORR"

C r:ltivar Characterizat ion

Experi¡lent T: Cullivar Cl-assificatlon

The intent of this experi:nent was to classi-fy cultivars as

responsive or non-responsive to vernal-ization treatments of 2- and

6-weeks duration. The ten cr:ltivars-Benito, Cajeme, Fieldert Glenleat

Marquis, Neepawa, Pitic¡ Prelude, Sinton and Yecora-hlele sbudi.ed"

Vernalization and plantÍng procedures were as described under

General- Procedures, The graÍn was from a cofnmon Source matured at

zO+oC. Germi¡rated grain was placed i¡ the cold room for periods of

sjx and. two weeks so that both treatments were r€moved concurrently"

The cold treatments and controls were placed j¡ the ger*nination cabi¡ret

(f5oC) for two days prior to planting in the growbh toon (Z5fZOoC

16/8 h.). Five seedlings were planted per pot. The ¡:ots were arranged

in a split-pIot design with three replications. The mai-n-plot treat'

ments were cultivars and the sr-rb-plot treatments vrere the ve¡nalization

treatments. Two control pots per cr:ltivar were i¡rcluded i¡r the layout;

the means of these controls were used Ín analysis" The parameters

measured were ÐFLE, DH, DAr FIN and SPN' Cul-tivar variances were tesb-

ed to determi¡re if these vari-ances were homogeneous"
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Experiment Iï; CuJlivar Response Patterns wi},h E$g]lded _Cold_Ireatments

Tfe Uurpose of this experi¡ent was to assess for the ten cultivars

of Experiment T the patterns of vernalization response to exbended cold

træatments' Seed was from the salne source as Experiment I (matr:red at

2O+oC), The vernalization and planting procedures Írere as described

uder General Procedures.

Germi¡ated grain was placed i¡ the cold room at weelcly i¡terval-s

ranging from 1 to ! weeks. FoJ-lotring completion of cold trreatments,

conürols and cold treatments hrer€ placed i¡r the germination cabi¡et

(f5oC) tor two days prior to planting in the growbh roon (z5fzOoC

t6/8 h")" Six seedlings were planted per pot. The pots were arranged

i¡ a randomized split-plot design with thr"ee r"eplications. Two

controls per cultivar were i¡cluded i¡r the layout and means of these

controls were used i¡ the analyses. The cuLtivars vÍere t¡eated as

main plots; and the cold treatments (0-9 weets) were treated as sub-

plot tr"eatments. The parameters measured wer"e DFIE, DA, FLN and SPN.

Experiment ïïI: Cultivar Response Satterns with Field Pla¡ti¡g

The object of this ex¡æriment was to assess under field conditions

the response patterns of the cr:ltivars Cajeme, Fielder and Pitic.

These three cul-tivars were selected on the basis of their performances

in Experiment I" The seed was from a common source of 2O+oC matured

seed.

Vernalization and planting procedures vùere as described under

General Procedures" The germi:rated grail was ve¡nalized for O, 2, 4

and ó weeks. AJ-l tr.eatments vùere concl-uded simultaneously and
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transferred to the germlnation cabi¡ret (f5oC) tor two days prior to

plarrting out i¡ rrJiffytr ¡rots. The plants remai¡ed i¡r the greenhouse

for ten and eleven dEys before being transplanted with pots to the field

at the University of Manitoba Field Research Stationsr t'li-nnipeg and

Glenlea respectively, P1a¡ts wer"e at the two- and three-leaf sbage at

the time of transplarrting. Five plants per treatment ?Íere space

planted i¡ 61 cm rouis. Thr"ee r"eplicates were planted per location.

To facil-itate transplanting procedures cultivars and treatments vrere

not randomized" Analysis of variance was conducted using a split-split-

plot desi-gn with replicates as mai¡ plots, cultivars as sub-plots and

cold træatments as sr¡b-sub-p1ots. For this extræri-rnent notes on the

develomental stages of jolntingr faag leaf emergence, bootr headilg

and anthesis were taken at threeday intervals. The analyses of

growbh sbages were based upon the date wher"eat 5Ø" of the plants in

the row had attai¡ed the given sbage" FerLile and total ti-ller numbers

we¡e counted at GlenJ-ea on Day ód.

Experj¡ent fV: Cr:ftivar Response Patterrrs with Shorber Duration Cold

Treatment s

The p¿rpose of this study was to assess the responses of the three

cultivars Cajeme, Pitic and Yecora to shorter du¡ation cold treatments.

The seed for these three cultivars was matured i¡¡ the field.

Vernalizati-on and planting procedures were as described under

General Proced¿res. Germj¡ated graÍn was vernalized for periods of 0t

!, 2, t+, 8, 16 and j2 days" All treatments were ended concurr"ently.

Three plants werc planted ¡ær pot and pots were left i¡ room conditions

(z|oc) ror two days prior to removal to the greenhouse (ß/e n.)"
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Pot.s were arranged irl a split-plot design with two r^eplicates.

Cultivars were tr¡eated as main-plots and cold treatments, as sr:b1>Iots"

The parameters measured for this experiment were DFT,E, DH, Ð4, IM, FLN

and SPN"

Characterization of Vernalization

Experiment V¡ Devernalization

The effect of warm temtrærature after cold and j¡ternediate

tem¡ærature treatments !Ías sbudied for the cr:ltivar Pitic (selected

because of its proven vernalization response). The graÍn used i¡
this sbr:dy was matu¡ed. at 2O+oC.

Vernalization and planting procedures nere as described r:nder

General Procedures. AIL treatments wer.e tjmed so planting in the

growbh roon (23/t8oc t6/8 h.) took place on the same day, Cold

exposu-res wene for O, 2, 4 and 6 weeks. Cold trreatments were followed

by O, l and 3 days i¡ the germination cabj¡ret (f5oC). These inter-

mediate temperature tneatments vùere followed by 0r 1, J and 6 days in

another germination cabj¡et held * Z5oC. Five seedlings roer"e planted

per pot. The pots wer^e aranged in a split-plit-plot design with

three r^eplications" The maÍn-plot treatments we:re the cold treatments;

the si:b-pIot tr"eatments, the j¡rtermediate tr^eatments; and the sub-sub-

pJ-ot treatments, the warm-tem¡æraturre treatments. The parameters

measured for thj-s experiment wer"e DFTÆ and DA.

Experiment VI: Stabi-l-ization

This e:çerjment was designed to invesbigate the effects of dr¡ration

of cold treatments and i¡termediate temperatu¡es on the e>pr"ession of



43

vemalization r"esponses, The cultivars selected for this experiment

were Cajeme, Fielderr Pitic and Yecora" Seed was bul-ked from growbh

- room and gr"eenhouse matured sources.

Vernalization and planting procedures trere as described under

General Procedures, excepb that petri dishes were placed i¡r dark plasbic

bags for the duration of the cold and i-ntermediate temtrærature

treatments. Cold treatments were for O, 2, 4 and 6 weeks, Tnternediate

temtræraturæ (f5oC) treatments were for O, 1, I and 6 days follor,ai:rg the

cold treatments" Al-l treatment combi¡rations were timed so planting i:r

the greenhouse occurred on the same dqy. Five plants were planted per

pot with for:r replicates" The condi-tions i¡ the gr"eenhouse at

planting and during the ne;cb three d.qys ïüere very warm (20+oC .t night

and 4O+oC d.uring the day). The natural daylength was extended to 2l+ h.

by continuous lighting with white fluorescent tubes" The main-plot

tr"eatments vüere the cultivars; the sub-plot treatments, the cold treat-

ments; a:rd the sub-si:b-p1ot treatments, the i¡termediate tem¡ærature

treatment. Parameters measuned were DFLE and DA"

Experjment IIJI: Plant Age

This extræriment was designed to determi¡e the r"esponse to coJ-d

tr"eatments rrith plant aging" Neepawa and Pític were selected for this

sbudy as a control cultivar and a positively ræsponsive cr:-ltivar

ras¡æctively. The seed was from a common field-groüJn source"

Seed was sberil-ized and germinated as described under General

Procedu¡es. However, the grain was planted prÍor to cold tr"eatments"

Five plants vùer"e planted per pot and pots wer"e held i¡ the growth room

çzo/tSoc t6f8 h.) r:nti-l- plants rn¡ere of the appropriate age. Atl
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treatments were ti¡ed for concurrent removal to the greenhouse" Cold

treatments !ùere given for O, 2, d and ó weeks to plants aged (after

sor,r5ng) O, 7u t4, 2L and 28 days. Pots were arranged i¡r the greenhouse

(continuous lighting) ix a split-split-plot design with six replicates.

Cultivars were tr"eated as main-plots; plant ager as sub-plots; and cold

træatments, as sub-sr:b-p1ots" The parameters measured were DFï,E and DA,

ExqgrjmegÞ \rJII: _Cold Temperature

The purpose of this experjment was to Ínvesbigate the effect of

the temperature of the cold treatment on vernalization r€sponse. The

responsive cultivars Cajeme and Pitic were selected for study' The

cultivar Yecora was j¡cluded as a control cr:ltivar. The seed of Cajeme

and Yecora vùas from a common growLh room source whjl-e seed of Pitic

was from a field sourcec

Vernalization and planting procedures were as described under

General Procedures. Treatments vfelôe kepb in plastic bags to pnevent

differential moistu¡e loss at the di-fferent temlæratures of the cold

treatments. The mean temperatures of the cold treatments and the

standard deviations, based upon daily minimum and maximum readlngst

were 1¡O7tO.82oC t l+.93Ð,74oC an¿ 10.?01O.95oC. Cold treatments were

for O, 1, 2 and J weeks. AlJ- treatments were completed concurrently

and placed in the germilation cabinet (r5oC) for two days prior to

plantÍng j:r the gr"eenhouse (ß/e n") " Five plants l.¡eæ sown per pot

with three replications. CuJ-tivars were taken as mai¡r-plot treatments;

duration of cold, as sr:b-plot treatments; and temperature of coldr as

sr:b-sub-plot treatments" Parameters measured were DffiE and DA.
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Experjrnent D(g f,ight

The i¡tent of this süudy was to determi¡e if vernal-ization

responses differed wt¡en cold tr"eatment was given i¡l darlmess or i¡ short

ary $/t6 h") conditions. Cultivars i¡cluded i¡ this e>çeriment were

Cajeme, Glenleae Neepawa, Pitic and Tecora. Al-l seed was from a common

fíe1d sol¡rce o

Vernalization and plarrting procedures wer4e as described under

General Procedures with the excepbion that germinated grain was placed

on moisbened paper towe]-ling in !3xl]3x)+ cffir clear plasbic germination

contai¡ers that for the dark treatment were covered with al-umi¡r¡m foil-.

Cold treatments wer"e for 0 and 4 weeks" Upon completion of the cold

treatments three plarrts wer^e planted per pot with four neplicates.

Pots wer"e placed i¡ the greenhouse (t6/e h.) i¡ a split-pl-ot design.

MaÍn-plot tr.eatments were cr:ltivars; sub-plot treatments wer^e the cold

trreatments. Pararñeters measured wer"e DFIE, DH, DA, D{, FT.N and SPN.

The photon flur density dur5ng the cold treatments at contai¡er

l-eveI was !25 microæi¡sbeins t-2 ,".-1"

Inheritance

Experi¡ent X: Segregatlon Apalyses

Crosses wer"e made between Neepawa ar¡d Pitic¡ Yecora and Cajemet

and G1enlea and Fitic to sbudy segnegation patterns for days to anthesis

í¡¡ the F2 generation. As uheat ís a self-pollinated crop, cultivars

were fairly homogeneous" Therefore, parenlal plants were designated

as cr¡ltivars and crosses r¡ere made betneen cultivars.

Crosses. Plar¡ts were cross-pollÍnated by hand i¡ the gr.eenhouse durS-ng
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the sunrmer of 1980, DrÊ to high temtræratur"es of the greenhouse

sberility vùas a problem and seed set was reduced, A sbandard. crossi-ng

procedr:re r,ras used with ¡11 crosses being bagged w¡ti-l- maturity"

Reciprocal crosses ¡.¡ere made between Fitic and Neepawau and Cajeme

and Yecora" The cross of Glenl.ea with Pitic !{as made i¡ the sllgle

direction with GlenJ-ea as the female parrent. Parents were chosen on

the basis of si¡iJarity of days to anthesis 1l¡t¡en vernalization responses

were fulfiLled.

F1 åeneration. The F1t s, progeny of the single crossesr werne grown il

the græenhouse dr¡rj¡g the wj¡ter of 198O-81" The seed of the F1r s was

ha:¡¡ested in January of 1981"

*,P generation. As the F2 generation lüas to be planted soon after

harvesti-ng, the seed was jmbibed and germination tested by placÍng on

wet fjJ-ter paper foy 24 hours under room conditions" Seedsthat had not

germinated were sr:bjected to three days cold treatment (foC¡ to break

dormancy. The F2rs were planted in pots and grovn: together with parents

i¡r the growbhroo^ (zo/t5oc 76/8 h.). Days to anthesis of the maj¡r

culm were measu:ed on an i¡rdividual plant basi-s"

F? generation, F3 seed was hanresbed from the F2 plants described

above" The F3rs r¡ere to be grown to esbablish homozygosity or hetero-

zygosity of their F2 parent. The F3ts of the Neepawa-Fitic and

Tecora4ajeme crosses were planted í¡¡ the greenhouse dur5ng the summer

of 1981. the seed was ¡ùanted i¡ a soiL-filled bench at a density of

16 seeds per 1Ox1O cm square (each square rrepresentÍng a F2 fami-Iy or

par.ental control). Dle to high tem¡æratures dr:ring the early growLh
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periodu the Yecora4ajeme famil-ies wer"e sbunted a¡d steriJeu so days

to anthesis could not be measured" Days to anthesis were measured for

the Neepawa-Pitic famiJ-ies; but again high temperatures subsequent to

plantÍng resulted i¡l sberil-ity of some early plants"

.Analyses, O: the basis of days to anthesis plants vlere classified as

Itsprilgrf and frwj¡rterrt ty¡æs" The F2r s for al-1 crosses vüere fitted to

expected ratios using Tates correction for continuity,

The FJl s from the Neepawa-Pitic cross were classed as springt

wj¡rter and segregating spri-ng-winter families" Chi-squared determi¡r-

ation for goodness of fit to the expected ratio was trærformedr and

heterogeniety of the Pitic x Neepawa and Neepa¡¡a x Pitic crbsses was

calculated.
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MSULÎS ¡,ND DTSUSSTON

Cu-]-t ivar Characterization

Exæriment I: Cultivar Classification:----
Classification of the vernalization response of l.rheat cultivars

has been based upon one or more physical manifesbations of accelerated

develotrment. T¡ this experS,rnent five physical pararneters-DFlE, DHt

DA¡ FT.N.and SPN-<f the mai¡r culm wer€ meast¡¡ed to assess ct¡ltivar

response to O, 2 and ó weeks of cold (+oC¡ tr"eatment. Comparison of

response to the 2- and 6q^¡eeks treatments with response to the control

treatment was taken as an i¡dication of vernalization response under

the longdqy, warm-temtrærature growbh room conditions.

D.re to heterogeneity of error between cultivars for spikelet

nunber, the analysj-s of variance (¿IUOVA) for this ¡rarameter was

divided j¡to two groups: GroupA excluded Pitic and Group B i¡cluded

only Pitic"

Days to flLag leaf emergence, heading and anthesis and fi¡al leaf

nr¡mber wer"e slrongly 5nfluenced by the vernalization treatment" AIL

five pararneters measured were i¡fluenced by the cultivars' A summary

of the analyses of variance is gf.ven l¡ Table 2 (for cønplete ANOVA

refer to Appendjlc 1) " The cr¡ltivar x tneatment i¡teraction was higlt-ly

significant for DFIIE, DH, DA and FT,N. The ¡elevant mean data for the

five ¡nrameters 1s pr"esented fn Tables 3 through 7"
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TABLE 2, Su'nmary of analyses of variance for parameters measured to
classify crrltivar vernaLization re sponse s.

Source of
Variation DFIE DH

F-value
DA FLN SPNA SPNb

Cultivar (C )

Treatment (t)

Ct'T

*Ë
72"58

lÉtÉ
t!2"38

tÉ*
!5 "17

- lÉlÉ
7 "96

. l(*
l+5"62

tÉtÉ

4"L2

_ *tÉ
78,26

_ *lt
61-77

_ ie'É
6.gg

_ *iÉ
!6.O5

- - lfiÉ
26"06

*lÉ
3"99

_ iÉ*
16"58

0"83

1.0L

2.55

Group A"
Group B.
Significant at P=0.0L.

Daygto flag leaf_ emerggnce, Fj-ve cr.:ltivars-Benito, Neepawa, Prelude,

Si¡ton and Yecora-were non-responsive to the 2- and 6-weeks cold

treatments as measured by DFIE (Tabfe 3)" The two-weeks treatment did

not significantly affect Marquis and Glenl.ea; however, these two

cu.l-tivars did show highly signifícant differences from the control

w'ith the six-weeks treatment (i,Sl, t/"-3"1f). Three cirltivars--4ajeme,

Fielder and Pitic{isplayed highly significant responses to both the

2- a¡rd ó-weeks treatments.. For these three r"esponsive cul-tivars the

two-r¡,¡eeks treatment was i¡rtermediate between the 0- and 6-weeks treat-

ments and the six-weeks treatments showed the greatest acceleration

of DFLE.

Days to headi¡rg. The cultivar and treatment means for this parameter

are presented i¡ Table 4. Benito, Neepawar Prelude and Si¡ton l\Iere

non-responsive to the vernaf-i-zation treatments as measured by DH"

G1enJ-ea, Marquis and Yecora had signi-ficant di-fferences from their

^
bn
iÊ*



TABIE 3. Effect of verrraf_ization
of ten spring wheat cultivars
treatment 

"
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emergence (onm)
ó weeks of co]-d

on days
exposed

flag leaf
0, 2 and

to
to

Cu].tivar Cold Treatment
2

DFT.EC

(weeks) Cu]-tivar
o

lvteansoa

Benito

Cajeme

Fielder

Glenl-ea

Ivlarqui-s

Neepawa

Pitic

Prel-ude

Si::ton

Yecora

Treatment Mearrsd

37 "50

L5.37

46.85

36"3L

38"82

37 "28

52.50

3!"23

34"60

33"67

39 "l+1

39.70

36.73

40"73

35"67

37 "28

38"1O

40"63

31"36

33.77

36.17

36"91+

38"40

31,00

3r.27

31,80

32"87

35"93

32"53

31"00

33"13

31"00

32.89

38"53

37 "70

39.62

3l+"29

36"32

36,98

l+2"O1+

3L"2O

33,83

38"61

âo üieeks=O is the mean of two unvernal-ized controls per
b. SignificanL aL L/" l-evel¡ LSD, 5/-2"6t+"
co LSD, J/"beLween treatments for same cu-l-tivar--2.8L1

treatments for different cul-tivars-3.49.
d. Significant aL 7f,level-: I-SD, 5/Â.8g,

replicate.

between



TABLE 4" Effect of verna.l-ization
wheat cul-tivars exposed fo O, 2

5t

on days to headi¡g (DH) of ten sprtug
and 6 weeks of cotd. treatment.

Cul-tivar Col-d Treatment (weeks)
1̂^

DH'

Cul-tiva¡
D

lvleansOA

Benito

Cajeme

Fielder

Glenl.ea

Marqui-s

Neepawa

Pitic

Prelude

Si¡ton

Yecora

Treatment M""rr"d

l+6"43

52.33

54.61

l+5 "89

l+9.O1+

46.87

57 "OO

3l+"78

M"33

t+3 "65

47 "17

47.97

t+5 "73

51."O7

46,OO

l+9"57

tþ6"97

52")+2

35 "91

43-35

45.O7

46ûo

4ó.8O

36")+O

38.33

41.00

t+3"93

M"l+7

42.47

33"83

l+3"27

37 "67

l+O"82

t+7 "O7

M"B2

48.00

)+3.81

l+7 "18

45 "97

49"83

3l+"84

43"65

42"13

a" i{eeks=O is the mean of two unverrralized controls per replicate.
b. SignificanL aL 1/" l-evel: LSD, 5o/,--4"3t+.c. LSD, 5/"AeLween treatments for same cuJ-tivar--l¡.59; between

treatments for different cultivars-5 "72"d. SignificanL aL 7/" J-evel: LSD, 5/..-L.L5.
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controls with the si:r-weeks treatment, however these differences vlere

not highly significant (f"SO, I/-6.16). Highly signifícant differences

for six-weeks treatments were fomd for Cajemee Fielder and Pitic.

For the two-weeks treatment, Cajeme was the onJ.y cultivar to be sig-

nificantl-y earlier for DH than its zero-weeks treatment"

Days to anthes_is" Means for DA are given j¡ Table 5. Benito, Glenlea,

Neepawa, Prelude, Sinton and Yecora hrere non-responsive to the vertraf--

ization treatments as measured by DA. The two-weeks treatment for

Marquis was not significantly different from the control; however,

the six-weeks treatment resulted i¡r a highly signi-ficant acceleration

of anthesis (LSl, 9-5.62). Cajeme, Fielder and Pitic were signifi-
cantly accelerated by both the 2- and ó-weeks trcatments, with the

two-weeks treatments being intermediate to the 0- and 6-weeks treat-

ment s o

Final leaf number. There were six cu-l-tivars--Benito, Glenlea, Neepawa,

Prel-ude, Sinton and Yecora-that 'hrere non-responsive to the vernal--

ization treatments as measured by fl,tl (fabf e 6). Marquis was slightty

responsive to the si-n-weeks treatment with a l-eaf reduction of O"J6

(fSO, t/"-1""@). Cajeme¡ Fielder and Pitic showed significant reduc-

tions i¡ l-eaf ni¡nber w'ith both the 2- and ó-weeks treatments. Again,

for these three cultivars the six-weeks treatments caused greater re-

ductions than the two-weeks treatments,

Spikel-e! nurnber. The means for spikelet nr¡nber are presented in

Table 7. ANOVA did not produce signifi-cant treatment effects for



TABLE 5" Effect of
wheat cultivars

53

on days to anthesis (OA) of ten spring
2 and ó weeks of cold treatment,

vernaf-ization
exposed to 0,

Cultivar Cold Treatment (weeks)
2

DAC

Cul-tivar
D

IVteansoa

Benito

Cajeme

Fielder

Glen-l-ea

Marquis

Neepawa

Pitic

Prelude

Si¡ton

Yecora

Treatment M"rrr"d

u7.63

53.1r,5

56.63

l+5 "7O

50"82

t+7 "69

62"t3

35"88

45.O5

l+2"75

48.77

l+8.97

M.20

51"33

h6"oo

49.o8

47 "87

53 "58

37.5L

M"!5

45"7L

116"87

47 "l+7

2ry 1a)(.))

39,20

47"93

M.l+O

45.00

43.57

34"77

4t+"83

38"60

l+1"7!

l+8"O2

45.OO

l+9.O5

h-l+"13

48" 10

46"73

53"o9

36"O5

M"6g

l+2"35

â. lüeeks=O is the mean of two r:nvernalized controls trær
b. Signif icant af If" l-evel- 3 LSD, 5/n-3.I6.
c. LSD, 5/, between treatments for same cultivar-t¡.L);

treatment s for di-fferent cul-tivars-4" 64"
d.. SignificanL aL 1/' leveJ-: I^SD, 5/nt.33.

replicate.

between



TABLE 6. Effect
spring wheat

of verrralization on
ci:f-tivars exposed to

fina]- leaf nunber
0r2and6weeks

5l+

(ei¡) of ten
of cold treatment,

Cu]-tivar Cold Treatment
2

FINC

(weeks) Cu]-tivar
Mea¡sb60a

Benito

Cajeme

Fiel-der

Glenl-ea

Marquis

Neepawa

Pitic

Pre]-ude

Sinton

Yecora
/l

Treatment Means*

7.70

9.2L

8.89

7.85

7 "83

7 "86

10,04

6"1+3

7.2O

7.71-

8"07

8"15

8"13

8"O7

7.33

8.25

ry r7.)
l6l)

9"08

6"38

7 "68

7 "82

7 "91

7 "87

7 "O7

ry 1.)(.r)

7.1+7

7.O7

7 "67

7 "48

6"33

7.1+O

7.2O

( "¿ (

r7 01
I c /L

8,14

8"O3

7.61

l" (¿

7.76

8"87

6.æ

7 "l+3

7.58

â." l,Ieeks=O is the mean of two unvernalized controls per
b. Significant aL L/" 1evel: I-SD, 5/n4"46"
c. 6D, 5/oAeLween treatments for same cul-tivar4.JJi

treatment s for different cultivars-Ð.7 6.
d.. SignificanL af I/,level: I"SD, 5/.-4.2t+"

repl-icate "

between



TABLE 7. Effect of vernalization
wheat cr:ltivars exposed to Ou

55

on spikelet number (Srtl) of ten spring
2 end 6 weeks of cold treatment,

Cul-tivar
6

Tr^eatment
2

SPN
oa

Cold (weeks) Cul-tivar
Meansb

Group .A

Benito

Cajeme

Fielder

Glen-lea

Marquis

Neepawa

Pr.elude

Si¡ton

Yecora

Treatment Mearrsd

Group B

Pitic 20.?2e L5"61

r!.Øc

16.40

u"34

72"35

!+"O7

10.49

u.77

13.10

L5"61+

13.61+

12.13

14"90

12.80

u"22

u"97

11"80

t3"98

t3.23

u.t3
]-3,56

lt.h7

13,87

13.87

13"13

t3"73

10,87

u.33

12"67

15.00

L3.22

13.78

Lt"73

75.O2

13"67

13"24

u.26

11"05

u"36

13"0O

u"92

16.51+

êr

b"
bleeks=O is the mea¡¡ of two ur¡r¡ernaLized controls per replicate'
Significantly different at t/o level-: I^SDr J/æL.O!"
Cultivar x træatment i¡teraciion not si€nificant aL 5f" level:
60, JfiUebween treatments for the same cultivar-2"W; between
treatment s for different cultivars-?ø9z"
Not significantly differ.ent at 5% Level: I.SD, 5fÂ"71.
Treatments not significantly diffenent at 57" Leve}'. LSD¡ 5o¡'n-

u"13"

d.
è
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G:roup.å, or Group n (faUte Z), The only significant effect was created

by differences amongsb cultivars' Therefor.er although the¡e was a

t:rend for reduced spikel-et number uith the cold tr"eatments among the

nesponsive cr¡ttivars (especie'ìly Pitic) these reductions vnere not

significantly differ"ent frcrn the zero-vreeks controls"

Corr.elation coefficients. Pearson corrnelation coefficients cønputed

for the five paraneters meazured for this ex¡æriment using i¡dividuat

plant sbatistics ans pr"esented i¡ Table 8" Highly significant, posi-

tive li¡ear corr^elations between DFTÆ and DHr DFTjE and DAr DFLE and

FLN, DH and DA, DH and FLN, and FLN and SPl[ r*ere fow¡d' Howeverr SPN

was not significantly linearly corrrelated with DFIE or DA and was

significantly negatively correlated with DH. The br.eakdom of positive

U¡ear correlations between SPN and DFTEr DH or DA prts the use of

spÍJ<elet n¡r¡ber as a measure of ve¡nalization response i¡l qresbion;

allhough a positive corr"elation of SPN with FLN, as was neported by

hrgsley (tgOS), was found.

There was a general agr.eement between the vernalization response

found Usj¡g DFLE, DH, DA and FLN. This agreement wor:ld be expected

frcrn the highly significant positive correlations between these

parameters"

Discussion" On the basis of the resr:Its of this experiment, the ten

cr¡ltivars tesbed for vernalization response car¡ be classified i¡to

two groups: 1) cnLtivars nith little or no ¡response; and 2) cr:lti-

vars with significant resPonses" the firsb Sroup includes Benito,

G1enlea, Marçisu lùeepawa, Pr.eludee Sirrton and Yecora' The second
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TABI,E 8" Correl-ation coefficients
cul-tivars exposed to 0, 2 and 6

of parameters measured for ten
weeks of col-d treatment,

Parameters
Coruelated

Correlation
Coefficient

Prob> [R]
Ho¡ Rllo=O

Number of
Ob servati-ons

Days to flag leaf
emergence with:

Days to heading

Days to anthesis

Fixal- leaf number

Spikelet number

Days to headi-ng
with:

Days to anthesi-s

Fixa]- ]-eaf number

Spilctet nr¡nber

Days to anthesis
with:

Fixa]- l-eaf number

Spikelot number

Fi:ra.]- leaf number
with:

Spikelet nu¡nber

0.85

0.89

o "75

o"o2

o.95

o.64

-o" 13

o.70

4"O2

O"2l+

0"0001

0.000i.

0.0001

o.6049

0.0001_

0"0001

0"0034

0"0001

o.6504

0"0001

483

50I

530

511

+((

487

48t

507

,.oo+/ /

5L6

âo 0f a possibl-e 600"
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group i-ncl-udes Cajeme, Fielder and Pitic.

The cultívars Benito, Neepawa, Prelude and Sj¡ton were i¡cluded

l-n Group l- because as measured by DFLE, DH, DA and FLN, these cul-ti-

vars vüere non-responsive to either Llne 2 or 6 weeks of col-d treatment.

0f these cul-ti-vars, the response of Prelude had been previously re-

porbed by McKÍnney arìd Sando (L%3) to be a d.elay j¡ headi.ng of ! to

12 d.ays w:rLh 67 days at -1oC to 7oC"

Tecora was non-responsive to either Llne 2- or ó-weeks cold treat-

ment as measr:red by DFIE, DA arrd FIN" Heading time for the six-weeks

treatment was accelerated but this accel-eration was not highly signifi-

cant. i¡üaIL and Carbwright (L971+) had reported accel-erated heading for

Yecora with a four-weeks cold treatment, although the significance for

this acceleration was not i¡cl-uded"

The i¡cl-usion of Glenlea and Marquis j-n Group 1 is based upon the

general findings that even where cold treatments caused highly signifi-

carrt reductions i¡ the parameters measured, reducti-ons were snaIl"

Neither of these cul-tivars responded to the two-weeks cold treatment"

The fi¡di¡gs irr the literature for the response of Marquis are contra-

dictory. McKi:rney and Sando (7%3, L935) reporbed that Marquis was

delayed by cotd treatments. lrlort (t%9t t94O) and Levy and Peterson

(tglZ) reported that Marquis was accel-erated by cold treatments

although lrlorb (içaO) found this acceleration was de¡:endent on seed

source and Levy and Peterson (t972) found the acceleration was not

significant "

The three cultivars cl-assified as responsive as measured by

DFIE, DH, DA and FIN were Cajeme, Fielder and Pitic" Often the two-
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weeks cold treatment showed significant responses but these reductions

were always less than the six-weeks cold treatment, A positive re-

sponse for Pitíc has been reporbed by Syme (ig¿g) for thirby days at

lÊt.5oT, Ievy and Peter son (t972) ror 1-5 weeks at 1-3oC, I0aimi and

Qualset (tgZtr) for 1-8 weeks at 1oC, Wal-t and Carbwright (tg|tù tor

two weeks at 1oC¡ ed Ford g[ g!. (fggf) for either 2 or 4 weeks at

either 2oC or 8oC. AJ-so reported by lrlall a¡rd Carbwrigh| (7971+) vüas a

positive response for Cajeme to two weeks at 1oC.

The cl-assification of cultivars r¡üas i¡dependent of origi:r and

maturity classification" The three res¡:onsive cultivars did move

from bej¡rg the latesb cultivars tesbed to amongsb the earliesb if
given six weeks of cold treatrnent c

Experiment ïI: Cul-tivar Pþsponse Patterns with Exbended Cold Treatments

This experiment was i¡rtended to confirm the fi-ndings of Experiment

I and, by Íncreasing the number of col-d treatments, to clarify the de-

velotrment of the vernalization response. Exbensj-on of the cold treat-

ments beyond six weeks was done to assess if the fj¡di¡g by Berry

g!gl. (igæ), that cútivars carrying the Vrnl e'l'lsfs had a threshold

response with extended cold treatments, !üas a common phenomenon of

cr:-Ìtivars classified as i¡sensitive to vernalization treatments.

The response of the ten cr:ltivars to 0-9 weeks of cold treatment

was assessed by measurÍng DFT,E, DA, FLN and SPN. SpÍkeJ-et nunber was

incl-uded to reassess the i¡fl-uence of cold treatments on this Ímporbant

cornponent of yield" A surmnary of the analyses of variance is given

i¡r Table 9 (for a complete ANOVA refer to Append:x 2). The cr¡ltivar

x treatment interactions were highly significant for all four
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TABIE 9" Summary of analyses of variance for
determi¡re cul-tivar vernalization re sponse
cold treatments"

parameters measured to
patterns to extended

Source of
Variation

F-value
DFIE DA FLN SPN

Cul-tivar

Treatment

cfI'

(c)

(r)

7O cÕ)

57 "l+8

6.gg

88"1+7

56.79

6.1+3

**
l+9.42

lÊ*
47,32

ËtÉ
5"O4

¿ÊlÊ

72"18

. .*lÉ
L6"36

#
3"1+l+

iÉl(

rê*

tltÉ

*iÉ

**

tÉ.¡É

Ë* Significant at P=0"01-

parameters. The rel-evant mean data was graphed by cultivar and is

presented in Figi:res 1 through 10.

Benito. The mean DFIE and DA data for Benito are shown in Figures 1A

and 1B r"estræctively" The one-week and two-weeks cold tr"eatments irtdi-

cated a reduction i¡ both DFLE and DA that was not highly significant.

The DFLE and DA of the 3- lo 7-weeks coJ-d treatments showed no signifi-

cant response to vernal-ization. Highly signifícant differences frorn

the zero-weeks cold treatment were fowrd for the 8- and !-weeks cold

treatments" Figures 1C and 1D show the patierns of FLN and SPN respec-

tíveIy" The reductions of fi¡al leaf nr¡nber with the /¡-r 8- and 9-

weeks cold treatments uere highly significant" For SPN none of the

fl-uctuati-ons vrerÞ significantly different from the zero-weeks controf"

Ouerall Benito was relatively i¡sensitive to the col-d treatments with

the significant reductions at I and 9 weeks being of a minor nature.

These latter responses may reflect the threshold nature of the Vrnl

allele described by Berry et a1. (f9SO).
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Cajeme" The graphs in Figi:res 2A-D show the effects of cold treatment

on DFLE, DA, FLN and SPN for Cajeme. Although a highly significant,

reduction i¡ leaf nr:mber occurred with one week of cold treatment

thís reduction was not refl-ected i¡ reduced spikelet numbers or dqys

to flag leaf emergence or anthesis" For the 2- Lo 9-weeks col-d treat-

ments, DFIE, DA, FIN and SPN had reductions from the zero-weeks con-

trol- that were highly significant. The vernalization requirement for

Cajeme r.¡nder the conditions of this experjment was four weeksr with

longer treatments causing l-ittl-e or no fu¡ther reductions i:r DFLE

a¡d DA. The perturbatíon of FLN and SPN al 6- and /-weeks cold treat-

ment restræctively followed by a sbeady reduction of numbers wi-th

longer treatments suggested a cyclic response pattern for Cajeme.

&lÈ{" Figures 3A-D show that the pattern of response of Fielder

irnderthe conditions of this experiment was cyclic as measured by

DFLE, DA, FIÀl and SPN. For DFLE, the 1'to 9-weeks cold treatments

resulted in highly significant reductions from the zero-weeks control.

Mi¡ima ix DFIE were found i,r-ith 41 5 and 9 weeks of col-d treatment"

Upward fluctuations with Llne 6-1 7- and 8-weeks col-d treatments re-

sulted irr DFIE that although significantly less than the control

were higher than the mini¡a. The pattern of response described for

DFLE was refl-ected i¡ the patterns for DA and FLN v¡here for 1 to 9

weeks of col-d treatment, DA and FLN were highly significantly reduced

from the control but cycli-ng occurred" Spikelet nr:mbers were reduced

by cold treatnents and these reductions were highly significant with

3t l+t 51 7 and 9 weeks of col-d treatment" The fluctuations i¡ SPN

fotl-owed the same trend as for DFLEr DA and FLN. Fielder was clearly
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a responsive cultivar with its vernalization requirement being

fu]-fi]-]-ed with four weeks of cold treatment.

Glen1ea. This cul-tivar was rel-atively insensitive to cold treatments

as measured by DFLE and DA (figures 4.A and 4S)" Red.uctions i¡ DFLE

and DA from the control- were significant w-ith 5, I and. 9 weeks of coLd

treatment. significant mi¡rima of leaf m:¡nber occurred with l¡, 5, g

and 9 weeks of cold treatment (rigure 4c)" spikelet numbers weïe un-

affected by 1 to I weeks of cold. treatment however for the 9-weeks

cold treatment sPN had a highly significant reduction from the con-

trol (Figr:re {D)" Glenlea vras generarly a non-ïesponsive cu]tivar

with those reductions of DFI.E and DA that did. occur being not highly

significant excepL for the I and 9 weeks of col-d treatment. The

reductions in DFIE, DA, FLN and sPN with the B- and/or 9-weeks cold

treatments reflected the findings for Benito that may be parb of the

threshol-d response of Berry g! g!. (f9æ).

Marguj-s" Marquis was non-responsive to the ! Lo T weeks of col_d treat-
ments as measured by DFIE and DA (nigures 5A and 5e). Differences

from the zero-weeks control were highly significant for the B- and 9-

weeks col-d treatments for both DFIE and DA. From Figure 5C it can be

seen that FIìl was relatively i:rsensitive to col-d treatments r,rith the

only highly significant difference from the contror occurring with

the nine-weeks cold treatment. The oscil-lations i¡t spikelet number

for Marquis were not significantly different from the zero-weeks cold

treatment" The lack of significant response to cold treatments less

than eight weeks was surprising sÍnce in Experjment r, Marquis vùas
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consisbently responsive to the sjx-weeks col-d treatment" Hov,¡ever, the

cl-ai¡r that the responses of Experiment T were of a mi¡ior nature and

that Marg:is be cl-assed as a cultivar with little or no response vlas

supporbed by the flndings of this extræriment " The significant

responses with 8- and./or 9-weeks cold treatments agreed with the other

non-responsive cultivars so far discussed,

Itieepawa" This cu-l-tivar was significantly retarded by one week of

cord treatment as meazured by DFIE and DA (rigures 6a ano ón). Highly

significant reductions for DFIE, DA and FLN from the control occuryed

with the 8- and 9-weeks cold trreatments (Fi-gures óa<). spikelet

number was significantly reduced from the control with 6- and 8-weeks

cold treatments (ni-gure 6n)" Neepawa r¡ras generally non-responsive

to vernal-i-zation treatments of 1-7 weeks with those fl-uctuations that

did occur beíng minor. However, the 8- and p-weeks col-d treatments

caused marked reductions i¡ DFIE, DA and FIN that reflected a trend

among the non-responsive cultivars¡ Benito, Glenlea and Marqr:.is"

Pitic" Figures 7A-D jxdicate the positively responsive nature of

Pitic to vernalization treatments, as measured by DFJ,E, DA, FLN and

sPN. Eeductions from the control- were highly si-gnificant with 2 to

9 weeks of cold treatment for DFLE, DA and FLN. For SpN, al-l cold

treatments l¡¡ere highly signi-ficantly different from the control-. For

Pitic the vernal-i-zation requirement under the conditions of this

ex¡æriment was ful-fiJ-Ied by five weeks of col.d treatment. Vacilla-

tions al 7- or 8-weeks cold treatments fol]owed by reductions at 8-

and,/or !-weeks col-d treatments would i¡dicate a cyclic pattern of
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responæ as i/'¡as found to varying degrees with Cajeme and Fi-elder.

Prelude" This cultivar vüas one of the earl-iest developing cultivars

under invesbigation. From Figures 8A-D it can be seen that except for

mi¡or non-significant osciJ-J.ations, Prelude was non-responsive to

vernalization treatments as measured by DFIE, DA, FLN and SPN" The

results of this extræriment agreed with concl-usions of Experiment f

that Prelude was non-responsiveo However, unlike the other non-respon-

sive ci-:l-tivars, there hras no threshold response for Prel-ude with ex-

tended vernalization"

Þjå!on. The stabii-ity of this cu.l-tivar can be seen from Figures 9A-D"

The fluctuations from the zero-weeks control for DFLE, DA, FIN and

SPN were a-1-l non-significant. Si¡ton like Prelude was a non-responsive

cuJ-ti-var that had no threshold response under the conditions of this

ex1æri.ment.

Yecora" Figures l-04-D present the fi:rdi¡gs of the effect of cold

treatment on DFLE, DA, FIN and SPN for Yecora" Significant differ-

ences from the control for DFIE occurred aL 7- a¡rd 9-weeks cold treat-

mentso The difference from the control for DA that was highly sig-

nificant occr:rred with the eight-weeks cold treatment. Oscill-ations

jx FIN were significant l,,J:ith 5 and 9 weeksr and i:r SPN at lr 5t 7 arñ

9 weeks. Yecora was rel-atively non-responsive but as the exbended

cold treatments (7-9 weets) aia cause some reductions, Yecora may be

displaying ùhe threshold response of Benito, Glenlea, Marqr:is and

Neepawa dampened due to the earli¡less of Yecora.
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GorreLation coefficients, High-ly significant positive corr.elation

coefficients werre fow¡d between DFIiE and DA, D¡LE and FT,N, DFT,Ð and

SFTü, DA and FLiN, DA and SPN, and Ff,N and SPN (Table 10). Unl.ike

Ex¡nrÍrnent Iu SPN was ¡nsitively cor¡^elated with ell of the other

parameters meaflu€d i¡ this Ex¡ærÍment. Although the temperatur.e and

li€ht regÍmes of Experiment I and fI were the same, differences be-

t¡reen exlærimental conditions caused by mechanical- failurres, r"educed

light5ng in Experfuent fI due to sunmer heat sü:¡ess conditions and

di-fferentÍaI pesb i¡festations and spraying did occur" llhether these

diJferenees would accourt for the diffe:¡ences i¡ corr.elations between

the two ex¡ærirnents is a matter of specr:lation"

Halse and l.leir (tgZo), Rrgsley (tgZt)e Derera and Erlison (1974),

l{a-l-l ar¡d Cartvrright (tgZ\) ar¡d Ford (1977) ræported that spi-kelet

nmber could be used to measure vernalization r.esponse; wheneas

Salisbury et gI. GgZg) and Berry É g!. (tg80) reported that spikelet

nunbers and vernalization response ¡trere non-leIated" Under the

conditions of Erçeriment II, DfTiE, DA, FÍ.N ar¡d SPN all ssn¡e¿ .t

i¡dicators of r¡e¡nalization response o

Discussion" Although for the four pararneters ANOVA produced highly

significant cr¡ltivar x treatment i¡teractions and corrælations were

highly signiJicantr there was heterogeniety of nes¡nnse patterns

withi¡ a cultivar" Hor*ever, this diversity amongsb pararneters díd

not obscu¡e general patterns of res¡nnse"

The classifications of Exprj¡nent I were srpported by the

findings of this Dçerirnent. Benitor Glenlear Marquise Neepawat

P¡"e1ude¡ Sinton and Yecora had Little or no ¡esponse to ve¡nalization"
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TABIE 10. Correlation coefficients of parameters measured for ten
cultivars exposed to 0-9 weeks of cold treatment"

Parameters
Correlated

Correl-ation ProU>[R] Number of .
Coefficient Ho: RlIo=O Observations*

Days to flag J-eaf
emergence with;

Days to anthesis 0"98 0.0001 i82O

Fjnal- ]-eaf nunber 0,69 0.0001 1825

Spikelet nunber 0,40 0"0001 1836

Days to anthesis
with:

Fixal- leaf nunber 0"ó8 0"0001 I8O2

Spikelet nrrnber O"43 0.0001 L82t

Firla]- l-eaf nunber
with:

Spikelet nunber 0"50 0"0001 1825

a" 0f a possible 1980.
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CaJeme¡ Fielder and Pitíc være positively responsive to vernalization.

The ¡nsitive rresponse patterns of Cajeme3 Fielder and Pitic were

characterized by; 1) a gradation of reduction with the firsb few

weeks of cold treatment ", 2) an fu¡itial plateau with for¡r or five

weeks of tneatment (ful-filknent of vernalization r"equirement); Ð a

sIÍght or marked ¡eversal y¡'ith exbended cold treatments; and 4) a

further dov¡nward trend with the 8- andþr 9*¡eeks cold tneatments"

Eluctuatj-ons j¡ response patterns wer€ r¡eported by Derera and Ellison

(tgZlù and Halloran (t977) for a nunber of sprSng and wi¡ter wheats.

the cultivars Pr"eLude and Si¡ton weæ non-responsive to aIL of

the cold du¡ations of this ex¡ærimento Thi-s i¡sensitivity to cold

tr"eatments úras independent of the earli¡ess of Prælude a¡¡d relative

lateness of Si¡ton; ar¡d s.rpporbed the report by IeW ar¡d Peterson

(tgZZ) that r¡ernalization rÞsponse was Índe¡ændent of matr:rity

classification.

Benito, Glenlea, Marquis, Neepawa, and Yecora were all found to

have signiÍicant although mi¡or r€sponses to the exLended (8-9 ¡+eets)

cold treatments. Pr:gsley (fgZf)reportedthat the V¡¡l e'llsIe was

non-nssponsive to JOdays ve¡nalization. However, Berry et g!" (tgæ)

found that exbension of the cold t:reatment (O-ff weeks) caused ger.ro-

types with the Vrnl al-le1e to display a thr.eshold res¡nnse w'ith five

or more weeks of cold treatment" Therefone, the patterns fowrd with

Benitor G1enlea, Marquis, Neepawa and Yecora may be arì expr€ssion of

the Vrnl nllsls as found Ín Triple Dirk, Differences from the five

u¡eeks of Berry g! gI" (tg80) can be accour¡ted for due to the differ-

ences 5n growth conditions,



78

Experi¡ent- III_: _Cultivar Fpg:onse Patterns. v¡ilh Field Planti¡gs

The three cu.l-tivars--Cajeme, Fielder and Pitic---classified as

responsive to ve¡nalization i:r E>çeriment I and TI, were selected

to sbudy the expression of this response under field conditions" The

seed was cold treated for O, 2, 4 and 6 weeks prior to planting and

subsequent field transplarrtings were at U. of M. Field Eesearch

Stationsr Glenlea and Ïrlilnipeg" A summary of the anal-yses of variance

is given i¡r Table 11 (refer to Appendix 4 for complete ANOVA)" Days

to jointing (DJ), days to flag leaf emergence (Ofl¡), days to boot

(l¡), days to heading (OU) ana days to anthesis (OA) were affected.

at a highly significant leve1 by the cold treatments as vras expected

for this group of cultivars. Compr:tation of an orthogonal contrasb of

the zero'weeks eontrol- with Lhe 2, 4 and 6 weeks of col-d treatment

TA3ï.8 11" Summary of analyses of varia¡ce for parameters measuræd to
classify vernalization responses of Cajeme¡ Fielder and Pitic vrith
posb-co1d treatment field plantings.

Source of
Variation DJ DFÏE

F-value
DB DADH

Cr:J-tivar (C)

Treatment (t)

cf

0" 14

. tÉË
67"52

o.55

1,49
Ë*

72.57
.*

2"63

6.1h

Y+5"83

2"27

Ë*
392.29

8"23

2L7"77

0.85

ü*
572"33

_*Ë
t1-.1+6

w
212"79

0.41

,w
571,t6

Ë

*+

*

*Ë

Orthoganol

Control vs
Cold Treatments

*t
t76"38

*Ë
213"@

Contrast s:

*
#

Significant at P=0,05"
Significant at P=0"01.
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l¡dicated that the control- was significantly different from the cold

tneatment as measu.red by DJu DFLE, DBe DH ar¡d DA" Onl-y DFIÆ had a

significant cultivar x tr.eatment i¡teraction" The gradual l¡cnease i¡
the significar¡ce of cultivar effects with later develo¡mental sbages

nay be due to differ"ent rates of develotrment amongsL these cultivars.

Gorrelation coefficients were determi¡ed and ar.e pr"esented in

lable 12, Hrghly sÍgnificarrt positive corr.elations ü¡ere found for

al'ì si¡gIe combi¡ations of the parameters DJ? DFLE, DBs DH and DA"

.Any differ€nces i¡ develo¡ment rates musb have been srnal-l enough not

to have affected the li¡ear :¡elationships between the parameters

meazured. Tl¡ese resrrlts i¡dicated that any easÍly delj¡eated develop-

mental stage from JointÍng to anthesis could'be used to measrr¡e

venial-l-zatl-on l€ sponse "

As the effects of cold treatment was determi¡ed for e.tl parameters

to be significantly differ"ent from the control, and there were higtrly

significant positive correlations betv¡een all parameters, only the mean

data from DA has been graphlgnlly pr.esented in Fígure 11" The effect

of location on DA was non-signÍficant (eppena:x 4), From the graphs

of Figure 11, it can be seen that e>çression of vernalization response

for CaJeme, Pitic ar¡d Fielder was graded" This agreed with results of

Erperirnents I and II. .As ve¡naÌization nequirements of 4 or 5 weeks

wer"e dete¡mi¡ed for these cultivars fu Experirnent IIr the levelling of

response between 4 and 6 weeks of cold treatment i¡ this Experirnent

wor¡ld reflect a simj-l-ar fi¡lfill¡nent of verT¡alization requirement.

Under fiel-d conditions no ¡¡eversals of cold t¡eatment effects with 2,

4 and ó r¡eeks cold ireatments ¡rere four¡d.
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TABIE l-2" Correlation coefficients of
three cul-tivars exposed Lo Q, 2, 1,,

fol-l-owed by field planting.

parameters measured for
and ó weeks of col-d treatment

Parameters
Correlated

Correlation
Coefficient

Prot> [R]
Ho: RFIo=O

Number of 
é̂-

ub servatl_ons

Days to jointing
with:

Days to flag leaf
emergence

Days to boot

Days to heading

Days to anthesis

Days to fJ.ag leaf
emergence with:

Days to boot

Days to heading

Days to anthesis

Days to boot
with:

Days to heading

Days to anthesis

Days to heading
with:

Days to anthesis

o.92

0"84

0.81

o"79

o.g3

0"89

0"88

o"g7

o.96

o"g8

0.0001

0"0001

0.0001

0"0001

0.0001

0"0001

0.0001

0.0001

0"0001

0.0001

71

70

70

7O

7O

7O

70

7o

7o

7O

â.c 0f a possíble 72 plot assessnents.
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Figurre 11. Effect of weeks of cold træatment on
Days to Anthesis of Cajeme, Fielder and Pitic
planted at two locations, (A) llÍnnipeg ana (S)
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ments for the same cultivar = 2.!9, 2"93ì
Between cold treatments for differ"ent cr¡lti-
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At the Glenlea location, fertile (fT) an¿ total (m) tlrrer

numbers were counted" Cr:J.tivar x treatment i¡teractions uære not sig-

níJicant for either FI or TT (see Appendix 5 for complete AltOVA)" The

nelevant mean data is presented i¡ Table 1J" C¡¡ltivars were signifi-

cantly differ.ent i¡ their fertile and total tllls¡ nunbers" Howeveru

ferbij-e ti'ller number was r¡naffected by cold treatments whe¡eas total

tjller number was significantly reduced for aLl three cultivars.

Reduced tij-Ier nunber was for:¡¡d by Rrnris (]ÐÐ for vernalized v¡'i¡ter

rye ar¡d by IeW and Peterson (tg72) for vernalized spring wheats srrch

as Pitic that rcre responsitre to vernalization'

By the Feekers scale, the ti]'lsrj¡g stage precedes the jointing

stage, As e]1 sf¿ges of jointing, flag leafu bootr headSng a¡¡d anthe-

sis wer.e for¡r¡d to be advanced by cold treatmentsr the ¡:eduction i¡

tiller nr¡nber with cold tneatments was no doubt dr¡e to the earlier

termi¡ation of the ti-Llerlng sbage. Although tille¡j¡g capacity yras re-

duced by cold treatment, under the 1981 GlenJ-ea field conditj-ons it was

adequate to ensure maximum uti-l-ization of ti.Ller nunber as a component

of yield as ferbiJ-e tiller nr¡nber (spÍJ<e/unit area) was r¡naffected. by

vernalization tr"eatments. Unfortr:nate1y, other yield components such

as spikelet nurnber, kernels/spÍJ<e and ke¡ne1 weights vrer"e not dete¡mi¡red

dr:e to termi¡ation of this e:çeriment by haiJ.

ri¡ent fV: Cr:].tivar Fe Patte¡ns with Shorter Dr:¡ation Cold

Treatments

The lasb i¡ the series of c¡rltivar asæssnents was an experiment

on the developnent of verr¡alization durlng the early pgÉod of eold

tæatment. Th¡ee cultivars wer¡e eelected for this experiment, Cajeme
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TABIE 13, Total (m) ana ferti_l-e (¡'t)
cirltivars exposed to 0, 2, le and 6
subsequent field planting at U, of
Gl-en]-ea"

ti-l-ler numbers for three
weeks of cold treatment with
M. Fiel-d Research Station,

Cu]-tivar Parameter Weeks of
2

Cold Treatment
l+6

Cul-tivar
Mean

Cajeme

Fielder

Pitic

Treatment Mea¡s

FT

1g.574

g.27c

22"80

9 "20

21+.50

9.70

12"LtT

10,47

17.2O

TL"60

L8.!3

12"O7

10"53

8"20

1l+"67

g 
"o7

i_ó"00

o02

1e ryaL)e I )

9.O7

10"00

("öl

LL"l+7

8"07

15"73

11.æ

12"40

9" i.B

12.gob

g.6gd

16.53

9.48

18.05

LO"g3

ê
27"72"

g.gTt

1Ã 02

11."38

a. ffiD, 5/" AeLween treatments for the same cuJ-tivar-t2.75;
between treatments for different cul_tivars-Ll"L7 

"SignificanL aL fl" level-: ISD, 5/n-3.21-.
ffiD, 5/"belween treatments for the same cul-tivar--8"90;
between treatments for different cuf-tívars-4"67 

"Not significant aL 5% l-evel: LSD, 5/n-4.O8.
Significant aL t/, l-evel: LSD, 5o/n-7.36,
Not significant aL 5/" leveJ-: LSD, 5/--4"45.

b.
C.

d"

T.
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and Pitic because of their positive vernalizatíon r"esponses and Yecora

because of its unresponsj-veness to shorb duíatj-ons of coJ-d treatment

(E;peri-rnents I and II), The surnmary of analyses of variance is given

in Table i-4 (refer to Appendjx ó for complete ANOVA)" The effects of

cold treatments on the six parameters measured-DFlE, DH, DA, n4, FLN

and SPN-were highly significant" Cul-tivar effects were significant

for al-l parameters excetrrb SPN. Significant cultivar x treatment j¡ter-

actions were found for DFLE, DA and FIN. The cultivar means per

treatment of each parameter were graphed versus col-d treatment and are

presented in Figures 124-F, CorreJ-ati-on coefficients vüere computed

for the various single combi¡ations of parameters and are presented

i¡ Table L5"

Days to f].ag leaf emerFence. The significant cul-tivar x treatment

interaction for this characteristic i¡dicated that the cultivars díd

TABLE 14. Summary of arralyses of variance for parameters measured for
Cajeme, Pític and Yecora to study vernalization response patterns
to shortduration col-d treatments.

Source of
Variati-on DFIE DH

F-value
DA D4 FIN SPN

Cultivar (C)

Treatment (t)

C:il'

#
201.01

. tÉ*
1-5.1+6

Zo lO

iÉt(
2go.7B

- .¡êtÉ

37 "67
_ lÊt{-
6.77

_ tÉtÉ
762"20

_ lé*
33.36

*
4aöö

!7"76

7.66*n

2.73

33L.59

35.99

7.31+

t¿ü.

*iÉ

*tÉ

iÉ*

!o7 "t5
77"99

1.69

.itiÉ
Significant at P=0"05"
Significant at P=0.0L"
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not r€spond i¡ the same marner to the col-d. treatments (nigwe 72A)"

The 0r 1 and 2 days of col-d treatment di-d not significantly affect

DFT.E for Pitic" The cold treatments of four and more d4ys signífi-

cantly reduced DFIE from the zero{.ays control" The mosb marked drop

in days occurred between 1.he 2- and /¡days treatments foll-owed by

another marked drop between 4- and Edqys col-d treatments. This pat-

tern would suggesb that: 1) the r:nderlyÍng mechanism for vernal-

ization required a period of induction; and 2) after induction the

process proceeded rapidly but was slowed down as the vernalization

requirement was met. This signoid pattern of the velocity of the

vernalization reaction was reporbed by Punris (fçæ) for wj¡ter rye

and Dev4y g! +. (tgZ6) for i,¡"jnter wheat.

The 1ag period for Cajeme vüas longer than for Pitic with the 1-

to 8{.ays cold treatments being not significantly di-fferent from the

unvernalized control. The increase j¡l DFLE at forr days was not sig-

nificant " The decrease in DFLE from the 8-days to the 16days cold

treatment was sbeep and. fol-lowed by a fu¡ther decrease from the 16-

days to J2days treatment" Despite differences durj¡rg their lag

periods the develotrment of the response was simii-ar for Cajeme a:rd

P1tic "

As expected for the nonresponsive cultivar Yecora significant

acceleration of DFTiE by these shorL cold treatments did not occrlr.

The jncreased days with the one-dqy treatment was not significant"

Days to headj¡8" The non-signifi-cance of the cultivar x treatment

i¡teraction precludes the sbatistj-cal comparison of the effects of

cold treatment on DH by i¡dividual- cuftivar" The probability of the
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COLD TREATMENT IN DAYS

Figure 12" Effect of days of cold tneatment on Days to Flag Ïæaf
Emergence¡ Days to Headi¡gr D4ys to Antl¡esisr Days to Maturityt
Fixal- Iæaf Nr¡nber and Spikelet Nr.¡mber of Cajemer Pitic and
Yecora. (fSo: 5/", tf-(Belween cold treatments for the same
cr:ltivar) Days to Ïl-ag Leaf Emergence = 5"53t 7.33; Ðays to
Heading = 8.73t 71"96î Days to Anthesis = 5"61+¡ 7"66; Ðays
to Maturitl = 6,!2, 8"727 Final- Leaf Numtrer = O"73e O"99î
spikelet Number = i.95, 2,72.)
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F-value was 0,06f6 i¡aicatíng that there was at leasb a non-significant

cultivar x t:reatment i¡teraction. The non-significance of the i¡ter-

action was d¡¡e to the response of Tecora to accelerate DH urith the

longer cold treatments, a phenomenon previously foi:nd in ÐçerSrnent I"

Significant tr"eatment and cultivar effects were found. The 16- and

J2-days treatments caused significant rreductions Ín days to headi-rrg

¡rith the greater reduction being from I Lo t6 days, From Figr:re 128

it can be seen that patterns for Cajeme ar¡d Pitic for DH were closely

aligned to thej¡ respective patterns for DFT,Ð"

Days to anthesis" There úras a significant cultivar x treatment i¡ter-

action for this characteristic ar¡d results are presented i¡ Figure 12C.

No significant differ"ences from the r.¡r¡ve¡nalized control ¡¡ere foì..¡rìd

for Yecora" Pitic and Cajeme, houever, yJere accelerated by the cold

treatments, For Pitie, cold tr"eatments of 4 or more days rær'e sig-

nÍficantly lower than the control. As was found for DFT,Ðr the pattern

of res¡nnse was sigmoid for Pitic" The 1ag period for Cajeme con-

tl¡r.¡ed r.¡r¡tiL the 8{.ays cold t¡reatment whereafter a rapid decrease i¡

DA occurred"

Days to paturity. The non-significar¡ce of ci:ltivar x tneatment i¡rter-

action was unexpected due to the i¡cLusion of the nonresponsive culti-

var Tecora i¡ the ex¡ærirnent. Reference to Figure 120 lrttt reveal

that the thnee cr¡ltlvars ¡ìÞre accelerated by the longer cold treat-

ments for this parameter" Trreatment and cultiva¡ effects uæne highly

significant. There was a gradual decli¡e i¡ I¡,Í with l¡c¡.eased cold

durations that was significantly different from the control at the 8-t
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16- and 324ays cold treatments"

Fi¡al leaf nr¡nber" Significant cr¡ltivar x treatment i¡teraction was

for¡nd" Fi¡al leaf nr¡mber for Yecora was not signíficantly affected

although perturbations vrith cold treatment did occur (figu¡e 1m)"

For Pitic, FIIN was signÍficantly reduced from the zerodays control

vrith cold treatments of eight days or moreo The pattern of developnent

of the vernalization res¡nnse for Pitic as measn.rred by FT,N was \rely

similar to patterns for DFTjE and DA" The FÍ.Nt s of Cajeme were sig-

nificantly reduced by cold treatments of 16 and 32 days" Like Pitict

the pattern of vernalization response for Cajeme as measured by FT,N

was simjJar to DFIÐ and DA patterns.

Spikelet nr¡nber" The lack of a significant cultivar x treatment i¡ter-

action was not r.rrex¡æcted due to the variability of the res¡nnse of

this characterisbic Ín Experj¡nents I and fI" However a significant

t:reatment effect was found ¡¡ith the 1ó- and J2days cold treatments.

FTom Ffur:re 12F the variabi-lity of SPN concurrent u'ith shor-b cold

treatments can be geen"

Corr"elation coefficÍents, Tt¡e cortelation coefficients determi¡ed

between the paranreters measr¡¡ed Í¡ this e>çerirnent were nll positive

and highly significant (taUle 15), It is clear from the foregoing dis-

cussions however that not ¡'11 parameters were equally effective i¡¡ dis-

cernÍlg vernalization responsesc

Discussion. The effectiveness of cold durations í¡ accelerating

develo¡ment can only be measured by develo¡mental processes that may
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TABIE 15. Correlation coefficients
cul-tivars erçosed Lo O, lt 2, [,

of paraneters measured for three
8, 1ó and J2 days of cold treatment"

Parameters
Correlated

Cor¡elation hot>[R]^ 
- 

Nr.rnber-of 
"Coefficient Ho: RHo=O 6sen¡ations'

Dqys to flag leaf
emergence w'ith:

Days to heading

Days to anthesis

Days to maturity

Fi¡al leaf nÌ¡nber

Spikelet nr¡mber

Days to headfng
w'ith:

Days to anthesis

Days to maturity

Fi¡aL l-eaf nunber

Spikelet nurnber

Days to anthesis
r¡ith:

Days to maturity

Fi¡¡al lea.f nunber

Spi.Jcelet nunber

Days to maturity
rith:

Fi¡a]- leaf nunber

Spikelet nìrnber

Fi¡al leal nunber
with:

SpiJcelet nr¡nber o"65 0"0001

o"96

0,98

o.9r

o.93

o.65

o.97

0.91

0.91

o" ó9

o.92

o"94

o.69

0.87

o.57

0"0001

o.0001

0.0001

0.0001

0.0001

0.0001

0.0001

o.0001

0"0001

0.0001

0"0001

0.0001

0"0001

o"ooo1

lM

150

157

761

758

ut
w
w
u3

u8

750

u9

t57

756

L58

a. Of a possible 162.
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be differentially i¡fl-uenced by posb-+old trreatment conditions (Cooper

7956)" From the resirl-ts of this and previously discussed ex¡ærlments

the most consistent measurements of vernaÌization response have been

D¡T,E' DA and FLII.

The dercIo¡ment of the vernalization response consisbs of a lag

¡æriodr a rapid acceleration after i¡duction and a deacceleration r¡.ith

i¡creasi¡g fttlfiltment of the vernalization nequirrement" The results

of this ex¡æriment i¡dicated the 1ag period was from 2 Lo I days de-

pendÍng upon cultivar ar¡d parameter meazured and that the vernalization

process slowed between 1ó ar¡d )2 days, agai¡ depending upon cr.rltivar

and parameter" Upon re<xami¡ation of the results of Erçeriment II
for the responsive crrltivars Cajeme, Fielder and Fitlc, there was a

general trend of response patterns that sa.rpporbs the conclusions of

this e>çerj¡nent "

RiddeIL and Gries (tgSgo), IeW and Peterson (t972), ed t{¡'l'ls¡¿¡1

ltlZZ) fou¡¡d simi].ar patterns of r¡erna-lization velocities for the

spring ¡¡t¡eats they tesbed as positively r€sponsive to vernalization"

Characterization of Vernalization

Exæriment V: Þvernal-ization

The first of the serj-es of erçerirnents to Ínvestigate the

characterisbics of the r¡ernalization response i¡ spring rvheats vras a

sbudy to determi¡e lf the verna-lization ¡ùenomenon üras reversible by

¡¡arm temperatut€s" The cr:ltivar Pitic was selected because of its
proven positive r¡ernalization res¡nnse. Intermediate tem¡ærature

treatments (f5oC) *t= J-nte4nsed to determi¡e ÍJ sbabiLity wor:ld be
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i-ncreased, a phenomenon reported by Purvis and GregorV GSSZ) ana

Fri-end and Purvis (r9ó3).

A summary of the analyses of variance is presented i¡ Table 16

(refer to Appendix ? for complete ANOVA) " Significant cold-, j¡rter-

mediate-, and warm-temperature effects vÍere found as well as signifi-

cant cold x i¡rtermediate and cold x i-ntermediate x v'rarm i¡teractions"

The rel-evant mean data is presented for DFIE and DA in Figures 1J and

!4 respectively"

Cal-cr:l-ation of multiple correl-ations produced. the following besb

three variable mod.els for maxirnrm R2 improvement:

DFLE= 55"O8 + (4.53)xCold + (-O"ee)xlntermediate + (0.38)xWarm
(nz=0"9r);

TABLE 16. Summary of analyses of vari-ance for parameters measured to
determi¡e the effects of posb-cold treatment temperatures on the
vernalization response of Pitic"

Source of
Variation

F-vaf-ue

cold (c )

Intermediate

Cxf

Tüarm (w)

Cxhl

Ixlti

Cxlxltl

_**
L67 "5t+

nelÉ

1,!,2r
*

3"39
w

8"82

1'36

1.81
iÉ*

2" 53

*èÉ
140"37

içiÉ
L4.85

_**
5"68
_ ÈÉË
6"52

7"1+l+

2.18
lÉlÉ

2.LLz

(r)

* Significant at P=0"05.
Significant at P=0"01"
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DA^= 68.98 + (4"68)*ora + (-o.Sr)xrntermediate + (0"37)x'larm(n3=o'9o)' '-- -

fþom these regression equations the following conclusions wet€ drawn:

1) there was a llday difference between Íntercepbs for flag leaf

emergence and anthesis; 2) cold and i¡te¡mediate temperatur"es has-

tened DFT,E and DA; and 3) warm tem¡æratures delayed DFrE and DA.

Because of the split-spIít ptot designu comparisons wer"e made be-

tween cold tr"eatments at the same i¡termediate ar¡d warm temtrærature

treatmentsr betvæen i¡te¡mediate tr"eatments at the same cold and warm

treatments and between warm treatments at the sa¡ne cold and i¡termedi-

ate treatments.

CoLd træatments. As measr.rred by both DfT.jE and DA, the 2-, L- and 6-

weeks cold tneatments at ¡11 i¡termediate, warm levels were signifi-
cantly earlier than their respective zero-weeks cold tr"eatments (figr.:res

1J and 1.1¿)" DjJferences between the 2-, h- and 6-weeks treatments wer.e

dependent on i¡termediate and warm tem¡æratune tr€atments. However,

thene was gener¡'l]y a graded response u¡ith four weeks earlier than two,

and six weeks earlier than for¡¡"

þteryçQlate tneatments. Comparison of the i¡terrnediate tr.eatments to

their res¡æctive zerodays i¡termediate tr"eatments was taken as an

i¡dication of i¡creased or decreased stab5lity due to the j¡termedÍate

freatment" Withi¡ the six+veeks cold trreatments significant sbabi-Iiza-

tion occur¡ed with three-days i¡te¡mediatee oneday warm as meazured

by DFIE and DA" Ît¡e four-h¡eeks cold tr.eatments wer:e stabÍtized by

threedeys l¡¡termediate at threedays vrarm but wer.e significantly de-

layed by oneday intermediate, zero-days rùarm as measuæd by DFIJ and



A. ZERO-DAY INTER MEDIATE B. ONE- DAY INTERMEDIATE C. THREE.DAY INTERMEDIATE

Figure 11" Effect of warm- and i¡¡termediate-temperature tr"eatments after
cold tr.eatments on Days üo ELag Leaf Emergenðe of Pitic. (fSO: 5%t lft-
Between warm tr"eatments with the same cold and i¡termediate treatment =

3.35t t+"1+6ç Between i¡termediate treatmentswiththe same cold and warm

, lreatment, = 3.M, 4.óO; Betneen cold tneatments with the same j¡termediaüe
and warm tneatment = la.L21 5"75.)

DAYS AT WARM TEMPERATURE(25"C}

\o
le)



A. ZERO-DAY INTERMEDIATE B. ONE-DAY INTERMEDIATE

Cold Treotmenl
O O Weeksxz
@4
A6

C. THREE- DAY INTERMEDIATE

Fisu'e 14' Errect or warm-t#f fltgîiÏút#:tå*'åi"ft,l.,,? arter cotd trreatmenr,g on
Days to Anthesis of Pitic" (f^Sn: 51", tf"-+etween warm træatments with the
same cold and i¡üermediate treatment = 3.67t 4"87i Between i¡termedlate tneat-
ments at the same cold and warm treatment = )"J2¡ 4.98; Between cold tr"eaù-' ments at the same í¡termediate and warm trealmenú = L"bLr 6ú2") \o.r



95

D.â." The two-weeks cold trreatments !ûere stabilized by threed4ys

l¡¡termediate at O-u 1- and 6days !ùalm, and by oneday i¡termediate

when foJ-lowed by zerrc-days brarmo None of the zero-weeksr warm træat-

nents were significantly affected by Sntermediate tem¡æratures,

Wa¡m tr.eatments. Withi¡ cold and i¡termediate tr"eatments, comparisons

were nade between warm treatments and their zerrc{ays wa¡m contnrl to

determi¡e iJ the wa¡m træatment had caused significant devernalization.

Those differences which wer^e significant as measu¡ed by DFIE ar¡d DA

wer€ consider"ed. $Iarm t¡eatments did not affect the six-weeks cold

treatment at any i¡termediate treatment. The four-+¡eeks cold tr.eat-

ments were significantly delayed by 3 and ó days of warm temperatur^es

on-ly with the zerodays i¡termediate tneatment. the two-weeks cold

t::eatments lrcre significantly delayed by three days of warm temtræra-

ture orrly at the oneday i¡termediate 1eve1. The zero-r'reeks cold

tr.eatments úEre significantly delayed by 3 and 6 days of warm tem¡æra-

trrre only when preceded by three days at interrnediate temperatu¡eu

Discussion" A snal1 but significant amor¡r¡t of devernalization

occur¡red r,rith the extended ryarn-temperatu¡e treatments (3 ana 6 days)

vrhen preceded by i¡termediate-tem¡æratu¡e tneatments at zero-l¡eeks

cold treatment, That this devernalization occurred with onJ-y the

thrae{ays i¡termediate treatment col¡J-d reflect a depletion of r"espi:r-

atory substrates with exbended t,:reatments; howeverr the sixday

period completely at warm temperatur.es (no intermediate treatment)

st¡owed no signj.ficant ¡etardation. Another possibility corld be that

the i¡termediate tem¡æratunes sbÍm¡lated'vernalization, and the
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subseqr:ent warm temperatures caused a reversal of this stimul-ation

that depleted subsbrates for develo¡rnent that would then need time for

replacement" A slight non-significar¡t acceleration of the zerodays

vüarm, thr"eedays l¡¡termediate treatment as compared to the zero-days

wann, zero-days l¡¡termediate treatment wor¡ld zupporb the hypothesis

that the j¡rtermediate tem¡æratures were slightly inductive to vernal-

lzation. Friend and h¡rrris (w(f) for.rnd that warm temlærature tr^eat-

ments befor.e cold tneatments couÌd significantly delay subseçent

vernalization Í¡ u'i¡ter rye and termed this phenomenon frprnedevernal-

ization"rr

n¡n¡is and Gr"egoty G952) found that sbabÍ1ity to heat treatments

i¡cr.eased with longer cold treatments. The nesults from this experi-

ment for four and six weeks agreed with this fi¡di¡g' The six-weeks

t¡eatments ï¡ere r.naffected by heat tr"eatments. The four-weeks treat-

ments wer.e significærtly delayed by 3 and ó days of warm tneatment

(no Íntermediate tem¡ærature t:reatment)' Rrnris and Gregory G952)

also fow¡d that i¡te¡mediate temperatu¡e treatments i¡creased the

sbabiJ-ity of parbi¡l'ly vernalized w'i¡ter tyeo Á,s the vernalization

requS-rement for Pitic from E:rperùnent II was five weeksr the l¡creased

stabÍIity of the four weeks cold treatments to warm treatments uhen

these r¡arm treatments rrrcre preceded by one or three days inte¡mediate

treatment was concun?nt vrith prsrisr s and Gregoryr s fÍndings"

The relative lack of significant devernalization by the warm

tem¡æratures of the two-¡leeks cold treatment was ì.mextrÞcted as was

the sbabjl-ization dr¡e to i¡te¡mediate temperatures vtt¡en fo]-lovæd by

no warm treatments' fbqn figu¡es 13 and 14 it can be seen that there
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was a general tænd for the tv¡o-*reeks cold treatments to be earlier

with the longer i¡termediat,e-temperatur"e trneatments" I?¡errefore, these

fu¡termediate treatments s¡ere s 1) sùabÍlizing the treatments lacking

a warrn-tem¡æratule priod fr"om devernalization by the growbh room con-

ditions (Zg/ßo})i 2) themselves causing fi¡rther vernalization of

the tr¡eatments that was not :rer¡ersed by arbsequent treatment; or 3)

a combi¡ation of these two ¡nssibj-lities,
The nesults of this errperi¡nent i¡dicated that the i¡clusion of

j¡termediate tem¡æratu¡e tæatments between the coJ-d treatments ar¡d

the subseq:ent gr"owing conditions ¡¡er€ of parbicr:Iar irnporbar¡ce for
part,ially r¡ernalized t¡eatments. Devernalization did occur in Pitic;
however exce¡:b for ex¡ærimental a¡¡d theoretical pu{poses, this

¡*renomenon dt 25oC was of mi¡or i¡nportance compar€d r¡.ith the i¡ff.uence

of cold treatments"

Exæriment trrf : Stabil-ization

The second experirnent i¡ the series of characterization of

vernali-zation was i¡tended to esbablish the stable cold t:¡eatments

and l¡termediate tem¡ærature durations necessary to ensu.r'e stabÍtity

i¡ the thr.ee responsive cr:ltivars Cajerne,u Fielder and Pitic" Yecora

was Í¡cluded as a control cul-tivar" the analysis of variance pro-

duced significant cul-tivaru cold ar¡d i¡te¡mediate effects as weLL as

signjJicant cr¡ltivar x coId, cold x inte¡mediate, and cr¡ltivar x cold

x l¡termediate i¡teracti.ons (Table L?¡ refer to Appendix I for com-

plete ANOVA)" Felevar¡t nean data was gra¡ired for the two ¡rarameters,

DFT,E ar¡d DA (Rig:r¡!¡es 1J and 16)"
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TABIE U. Summary of anal-yses of variance for parameters measured to
determi¡e the effect of i¡termediate temtrærature treatments on the
vernalization responses of Cajeme, Fielderr Pitic and Yecora"

Source of
Variation

F-va].ue
DFIJE DA

Cultivar (C)

cold (co)

Cúo

Intennediate (f)

Cxï

CoxÏ

C>úoxI

. tÉtÉ
!68.71,

*Ë
1"rO,72

*tf
!3"48

. lÉiÉ
7 "96

1.04
it*

4"17
#

r"g7

**
99.57

*lÉ
53"15

fr
o. ))

tÉ*
b"98

1"75
Ë

).)(
Ë*

2.71+

tê* Significant at P=0"01,

Because of the split-split plot design¡ comparisons vüere made by

ci:l-tivar Ï¡"ithix co]-d treatments and between cold treatments at the

same intermed.iate treatments. The correlation between DFLE and DA

was highly significant at R=0.96.

g.$egte, Although jntermediate-temperature treatments caused some

degr"ee of fluctuation i¡ both DFIE and DA for the unvernalized con-

trols, neither the upward or downward shifts were significantly dif-

ferent from the zero-weeks co1d, zerodays j¡termediate treatment

(figures 154 and 1óA)" The i¡rtermediate-temperature treatments made

no signi-ficant differences withj¡ the 2- and 4-weeks col-d treatments"

However, ofterr the two-weeks treatments were not significantly dif-

ferent than their comparative zero-weeks control; and the stabiJ-ity



A. CAJEME B. FIELDER

Figure 1J. Effect of i¡termediate-temperature trealments after cold
Ieaf Emergence of Cajeme, Fielder, piticr and yecora. (f,SD: 5/o,treatments for the same cold treatment and cultivar = 3.75t L"93;for the same i¡termediate treatment and cr:ltivar'= 3.g6, 5.24.)

c. PtTtC D. YECORA

DAYS AT INTERMEDIATE TEMPERAÎURE (IsOC)
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of the for¡r-weeks cold treatments !¡ere j¡c¡eased by the 3- and ódays

l¡terrnediate treatments" The 1-e 3- and ódays i¡termediate treat-

nents l¡creased the sbabiJ-ity of the six-weeks cold treatment because

these t¡"eatments vere among the earliesb wher"eas the six-weeks coId,

zerodays j¡termediate treatment was not significantly differ"ent than

its comparative zero-weeks control.

Fielder. The zer'o-weeks cold tr"eatments for Fielder wer.e signifi-

cantly delayed by i¡termediate tr.eatments of 1, 3 and ó days from the

zerodays i¡te¡mediate treatment for both DfT.iE and DA (figures 158

and 168)o Tt¡e two-weeks cold tr.eatments wer€ progressively sbabjlized

by 1, 3 ar¡d 6 days at t5o0; the zerodays í¡termediate tr.eatment was

not significantly dj-fferent from lts comparative zero-üIeeks control.

the 4- and 6-weeks cold treatments wene not significantly differrenti-

ated by the i¡termediate temperatu-r.e treatments, although ther.e was

a t,rend nithi¡ the for¡r-weeks cold t:reatment to be earlier y¡'ith the

longer j¡te¡mediate-temperatu:re treatments" The six-weeks cold treat-

ments üËre consisbently, although not significantlyr later than the

comparative four-r+eeks cold trreatments.

Pitic" The zero+æeks cold treatments for Fitic ¡¡e:re not signifi-

car¡tly different from the zero-¡*eeks coldr zerodays i¡termediate

treatment for both DFTÆ and DA (Figu¡es 15C and 16C), The two-u¡eeks

cold t¡eatrnents were progressinely stabil-ized by the i¡te¡mediate

tem¡ærature treatmentso No significant differences $¡er€ found withj¡

the 4- and 6-r,eeks cold treatments and e'll of these cold t¡eatments

were significantly earlier than their res¡nctive zero-ræeks cold
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controls, There was a trcnd withi¡ the four-weeks cold treatments of

sLabilization by i¡rcreased i¡rtermediate-temperatu:e treatments. The

six-weeks cold tneatments were slightly later than the four-weeks

cold treatments but this lateness was not signÍficant"

Yecora. The fluctuations hrithi¡ the cold treatments and between i¡ter-

mediate treatments for Yecora did not cause highly significant differ-

ences (n:-gures 15D and 16D). The only diffen-ònce that was significant

was for DA between the six-weeks coId, zerodays j-ntermediate treat-

ment and the six-weeks cold, sixdays i¡terrnediate treatment.

Discussion. Theoretjce'Ì1y, devernalization was of i¡te:¡esb to early

workers because it contradicted Ï¡rsenkor s theory of phasic develognent

(fuw:-s 7967). Practicallyr the degræe of reversal and the condi-

tions that prevented devernalization were of importance i¡r evaluating

the effectiveness of vernal-izati-on (zurvis and Gregory 1952. Chujo

tg67).

From the resrrlts of E>çeriment V i¡termediate temtrærature treat-

ments rÂrere mor€ irnportant than heat treatments i¡ determining the

length of develo¡ment and this was concluded to be due to the fact

that growbh roomconditionsweïE onJ.y slightly lower (4/rcoC) tnan

the heat treatment (Z5oC). Friend and R:nris (fçó¡) found both ZOoC

and 25oC effected devernalization.

In this experiment only the effect of the length of the cold

treatment and the i¡rtermediate treatments were i¡rvesbigated as sources

of sbabil-ization, The hot summer græenhouse where these plants vÍere

grown wor:ld have been sufficiently warm to provide der¡ernalizing



to3

conditíons, Yecora, the control cultivar, rlras relatively r:naffected

by cold- and j¡terrnediate-temperature treatments, and this i¡dicated

that those differences of DFLE and DA between cold- and i¡termediate-

temperature treatments for Cajeme, Fielder and Pitic reflected vernal-

ization and devernalization.

The partially vernalized two-weeks col.d treatments for Fielder and

Pitic were significantly sbabii-ized by intermediate-temperature treat-

ments and. this sbability i¡creased. with the length of the 15oC treat-

ment. There v¡as al.so a sbabiJ-izing tr"end r,rúthi¡ the four-weeks cold

treatments for Pitic and Fielder" The observation that the six-weeks

cold treatments were later than the four-weeks col-d tr"eatments, esIæ-

cia1J.y appar"ent for Fielder, reflected obsenrations of Experiment II
that six weeks of cold trreatment depressed vernalization"

Cajeme, although significantly accelerated by cold tr.eatments,

did not respond to sbabiJ-íñng conditions as did Fielder and Pitic.

This may have been due to the fact that as compared to DFLE and DA for

Cajeme from Extrærjment I and II, the unvernalized controls were approxi-

mately five days earl-ier for this e>perÍment" Therefor"e, Cajeme re-

sponded to the heat conditions of this extræriment by accelerating

develo¡ment with or without stabilization" The complete repression of

the vernalization of the six-weeks tæatment by lack of an i¡termediate

temperatwe tr"eatment may signify that Cajeme vüas mol€ sensitive to

devernalization during the depressed condition induced by the six-

weeks treatment (see ExperÌment II)"

Experiment WI: Plant Age

Neepawa and'Pitic were given 0, 2, 4 and 6 weeks of cold treatment
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to plants aged 0, fe the 2t and 28 d.ays before the onset of cold tr"eat-

,rlrent, Neepawa was chosen as the non-responsive control cultivar a¡¡d

Pitic was chosen as the positively responsive cultivar.

A sr:mmary of the analyses of variance of DFIE and DA is presented

f¡ Table 18 (refer to Appendix 9 for complete ANOVA). The mai:n¡ sub-

plot and sub-sub-plot effects of cul-tivar, age and cold t¡eatment were

t¡:-ghJ-y significant " The i¡teractions of ct¡l-tivar x age r cultivar x

coldu age x cold and cultivar x age x cold wer"e all- significant"

Relevar¡t mear¡ data are graphically presented for DFLE and DA fu Figures

17 and 18, (Oays rrcre measu¡ed not from planting, but from placement

of treatments i¡ the greenhouse.)

TABLE 18" Summary of analyses of variance for parameters meazured to
determi¡e the effect of plant age on the vernalization resPonses
of Neepawa ar¡d Fitic"

Source of
Variation

F-value
DFIE DA

Cultivar (C)

Ase (.q)

CxA

cold (co)

CSo

A:úo

CxA:do

w
274.79

&7,68o*
ü*

4.99
*Ëgt"g5
.w

5l+"46
*ë

25"1+8

*Ë
20"7t

*Ë
t57 "79
-**
628.h7

*
2.80

ü*
lot"59

*Ë
71"35

Ëü
30"o2

24.66o*

ë Significant at P=0.05.
ËË Significant at P=0.01"
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&æ," IÞom Figu::es 174 and 184, it is evident that for Neepawa the

plants which wer"e cold tæated at the age of Oe 2! and 28 days for 0,

2, 4 ar¡d 6 weeks uæF¡ lrithi¡ age groupirgs, nearly the sane i¡ DFT,E

and DA" Theræfore the amount of grorvbh and./or respiration dur5ng the

cold treatments was not significantly large to accelerate or de14y

subseq.:ent growbh sbages" TL¡e six-weeks cold treatments did signifi-

cantly accelerate DIT,E and DA for the 7- and L[days old plants;

¡vt¡i-ler 2- and A-weeks cold treatments vrere not significantly different

from thelr neslæctive zer'o-r*eeks cold treatments,

Ei!!" Comparison of the cold treatments of 2, 4 and 6 weeks for the

0- and Tdays old plants of Pitic with their nespective zero-weeks

cold contrrcl l¡rdicated that these ages vler¡e nes¡nnsive to any of these

cold dr¡rations (Figures 1æ and 188) " nhe seven-days old plants gave

a graded response pattern to the cold tr"eatments; whereas, the zero-

days o1d plants were significantly ræta:ded by the six-weeks cold

treatment as compared to the four+¡eeks cold treatment" The 14- and

21-days old plants a-lso showed significant n¡ductions Ín days w'ith the

longer cold treatments, The 28-days old plants were not significantly
j¡fluenced by the cold treatments,

Discussion. The effectiveness of ve¡nalization has been documented i¡
wi¡ter wheats and fall rye to decrease ¡rith i¡creasing plant age prior

to cold treatment (nrrrris t96te Chujo t966a)o Iû this e>rperiment,

Pitíc was responsive from jusb germinated seeds to 21days oId plants,

with this response being greatesb at ages of O and 7 days and less at

14 and 21 days" Gott (nfZ) found gneen plants of ¡ui¡ter wtleat we¡e
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capable of rcsponding to vernalization treatments untij- six-weeks oId"

Gotoh (1975) reporLed that vernalization was proporbional to the

cold treatment given from the one-l-eaf süage" From the r"esults of

this experiment for Pitic (n:-gures 1?B and 188) it can be seen that

the seven-days old plants showed a conti¡uous do¡¡nward gradation with

exbended cold treatments; and the response of the sevendays old

plants Ìras more sbabl-e than the zero{.ays old plants"

Salisbury et gl. Ggfg) found that as the ratio of vernalizaüion

of imbibed seed to growÍng plant was decreased so that some of the

cold treatment was given to growilg plants the¡.e was i¡rduction of a

vernalization response i¡ cul-tivars roith Vrnl a'l]eles, pugsley (tgZZ)

fomd Thatcher to have the Vrnl al-lele and it is possible that Thatcher

types zuch as Neepawa, worrld have this a]]eIe. Therefor"e, the signifi-
cant accelerations by six weeks of cold treatment to young grow.ilg

plants of 7 and 1,[ days may be the erçression of the vernalization

response of the Vrnl a]]ele when cold treatment was of the growÍlg

p1ant. However, despite its significance, the acceleration of Neepawa

was small and was of noteworbhi¡ress dr:e to a possible al-lelic

interpretati-on.

The graded response of Pitic supports the earlier findings of

E>çerÍments I, II, III and fV" The response of Neepawa was mi¡ror

and supports the findings of Etçerfurents f a¡d II that Neepawa has

little or no vernalization r"esponse"

Experi{nen! \IIïï.:_ C_old _Temperature

Three tem¡æratures of cold treatments wene seLected to determi¡e

if ther^e hras a differ.ence i¡r vernalization response induced with these
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different temlæratures" Although temperatures varied above and below

the mean temlærature j-n a cyclic manner due to the refrigeration

mechanism of the cold room and ræfrigerators, the three tem¡ærature

r"egimes wer"e far enough aparb to enzure disbi¡¡ct cold treatments.

Seedlings showed l-ittle growbh at 1oC and whiJe growfh d.id occur

at 5oC and 11oC it did not cause excessive elongation. All seeùLings

grew vigorously u¡ron transplantilg to the greenhouse, so apparently

storage materials had not been exhausbed to affect vernalization

r€sponses in that way.

A zummary of the analyses of variance for DFIE and DA is presented

i¡ Table 19 (refer to Appendir( 10 for complete ANOVA)" Cultivar and

weeks of cold temperature effects vüere highly significant as was the

TABLE 19. Summary of analyses of variance for parameters measured to
determi¡e the effect of the temperature of the cold treatment on
vernalizati-on responses of Cajeme, Fi-tic and Yecora"

Source of
Variation

F-value
DFIE DA

Cultivar (C)

Ï'leeks (W)

C)út

Temperature (T)

ct'r

!,htr

C>l\lt'I

*tÉ
48t+"88

*lt
187 "77

*'¡É
52"39

t"69

o,96

0"83

O "71+

377"6L

u5"o7

33.o1+

3.00

!"31+

t-37

0"87

lÉË

'¡ÉlÉ

# Significant at P=0"01"
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cuJ-ti-var x r+eeks i¡teraction" Temtrærature effects vìrere not signifieant

as vlere the j¡lteractions of cultivar x temperaturee weeks x temtræra'

ture, and cultivar x weeks x temlærature" Therefore under the condi-

tions of this experiment there vüas no differential r.esponse to the

cold temperatures tesbed" Means for temperature treatments by cold

t¡eatments per cultivar are graphical-ly presented for DFLE and DA i::

Figures 19 and 20 respectively.

9-gj"*". The graphs of DFT,E and DA Ín Figures 19¡ and 204 show that the

variabjlity within the zero-weeks control was greater than the varia-

biJ-ity vrithi¡ 1, 2 and 3 weeks of coLd treatments. The 1oC, 5oC atd.

11oC cold treatments ?Jere eqr:a]Iy effective i¡ i¡rduci¡rg verrralization

response and ùhe response i¡creased r¡ith the duration of the cold

treatments.

l_ilic, Figures 198 and 208 are graphs for Pitic of DFT,E a¡d DA" The

effectiveness of cold treatments showed defi¡ite trends v¡ithi¡ this

cultivar. The 1oC treatment for one week was less effective i¡r accel-

eratilg developnent than tfre 5oC and 11oC cold treatmentso As the

length of the coJ.d treatment was i¡rcreased the differences between

tem¡ærature treatments was decreased. The 5oC treatment was 1n general

more effective than the 1oC or 11oC treatments; however, the three

tem¡æratures al-l successfuJ.J.y induced vernalization responæs" The

11oC treatment i¡duced a more graded response than the 1oC and 5oC

treatments.

Yecora. As the control cultivart Yecora vüas expected to be non-respon-

and temtræratures of cold trreatments.sive to e'l'ì sernþixations of weeks
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From Fi-gur"es 19C and 20C it can be seen that fluctuations withi¡r weeks

of cold treatment did occuri as wel1, di-fferences between weeks of

cold treatment at the same temtrærature treatment did ensue" Hovuever,

fluctuations and differences were mi,norn

Discussion. The range of operative vernal-ization tem¡æratures for

Cajeme and Pitic i¡cluded 1oC and l1oC, There vras no d.etectable effect

of the different temperatures on the vernalization e:çressed although

there rüas a trend for the 5oC tr.eatments to be more effective than the

1oc and l1oc treatments. Inouye e! gI" Qe64) found 5oc a¡d lOoc dark

treatments to be equally effectíve i-n inítiating floral- developr:ent

i¡ the wi:rter wheat Konosu No" 25. lemperatures as l-ow as -1oC to as

high as 12oC have been reporbed to effectively induce vernalizati.on

responses i¡r wi¡ter wheats (t'lcttUney and Sando 7933t Chujo 7J66a)"

Cold tr"eatments for the two spring wheats of this extræriment have a

broad range of effectirre temperatu¡es and no opLimum temperatu-re or

range of temperatures was esbablished"

The jnclusion of 1, 2 and J weeks of cold treatment al.lowed the

assessnent of a weeks x cold temperature treatment i¡teraction. ïf,

was determj¡ed ther"eby that the equal effectiveness of the cold temper-

atu¡es was not due to a differential fi:1fi-l-1ment of the vernalization

rnequirements at the thr¡ee temperature treatments"

Experjment IX: Light

Because of the use of short day and total darlcress durlng cold

treatments, these two light conditions wet€ tesLed to assess their

effect on the vernalization responses of Cajemer GlenJ.ea¡ Neepawat
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Pitic and Yecora" These five cultivars were selected to i-nclude the

daylength-sensitive cultivars of northern origin and less sensitive

cultivars of Mexican origin"

A summary of the analyses of variance for D¡T.,E, DA, DH, FT.N, SPN

a¡d IM are presented i¡ Table 20 (refer t,o Appendir( 11 for complete

ANOVA). Highly significant cu^l-tivar and tneatment effects were for:nd

as well as significant cultivar x treatment i¡teractions. The rel-eva¡t

mean data arc presented i¡ Table 21,

Comparison of the shorb day (L) and darlaress (n) treatments r,¡ith

the non-vernalized control (C) were taken as an i¡rdication of vernal-

ization response" Differences between L and D treatments thereafter

were taken as an i¡dication of differential response to vernalization

i¡ darlqiess and shorb days.

C.ajeme" The four-weeks coJ-d tr"eatment effectively Ínitiated the same

degr"ee of response i¡ Cajeme whether i¡ shorb days or darlmess as

TABIE 20. Summary of analyses of varia¡ce for pararneters measured to
determine the effect of light on the vernal-ization responses of
Cajeme, Glenlea, Neepawa, Pitic and Yecora"

Source of
Variation

F-va]-ue
DFIE IMDADH FLN SPN

Cu-l.tivar (C)

Treatment (t)

cfr

**
54"33

tÉlÉ

75"87
_ tÉ*

21""62

**
l+O.39

*Ë
83.57

. lÉ*
21"56

#
h8.3/,+

**
69"!5

_ iÉiÉ
20"60

lÉË
30"M

lÉË
70.42

lÉ

3.10

tÉiÉ

59 "32
*.à(-

55.29
_**

76.83

iÉtÉ
22"05

**
22"9O

. tiÉ
7.63

Ë Significant at P=0"05.
iÉiÉ Significant at P=0.01,



TABIE 21. lars.to fLag_leaf emergence.(off¡), dqys to headlng (nH), aays to anthesls (DA), ftnal leaf
nunber (rn)' sprkélet nunber-(SPN)'and áqys io maturity (nìl 

'íé"sdtd ror fiw curttiärs exposed tofour treeks of cold trpatment i¡ the aark (D) and t¡ short dqys (t) and an unwrrallze¿ contrpt (C).

Culttve¡ T¡¡atment

CaJeme

Glenlea

c

L

D

c

L

D

c

t
D

c

L

D

c

L

D

lbepawa

49"25 b

28.00 h

37.12 eh

J7.33 er

33.77 re

37"25 er

43.33 cd

40.08 de

l+5"79 bc

59.67 a

33.oo re

36"38 ef

30.25 tr
29.51+ Eh

29.1+2 tr

Pltlc

62"L7 b

3?.83 h

l+1.92 eîgh

47.@ de

I+3.67 der

h7.46 d

5l+.33 c

48.42 d

56.96 e

73"25 a

43.50 defg

l+6.75 de

l¡O.8J fgh

38.29 tl
39.33 l9h

Yecora

61.79 b

38"25 L

41"92 ehl

I+6.67 efe

42.50 ldbt

l¡1.21 efg

53"21 cd

48.5o de

57.21bc

?2.75 a

ül+.25 etùt

4?.lQ ef

39,71ht

39.38 hr

39.t& ht

FI,N

Meane ln the same column followedby a ccnmon letter ane not slgnlflcantly different by Dwrcanrs
multlple rango tesL at the Jy', i:evei-.
See Appendi:c 11 for ANOVA.

10.00 b

6.92 t

7"50 r
8.p2 de

8.33 e

8.71 de

9.25 cd

9.08 de

9.83 bc

12.08 a,

8.42 e

8.50 de

7.50 t

7.29 r
?.08 f

Ð.29 a

1l+.00 ef

14.46 cdef

15.58 bcde

16.17 bcd

14.83 cdef

73.77 f
72.83 I
14.83 cdef

Ð"63 e

17.08 b

16.50 bc

15.96 bcde

14.21 def

L3"21 f

8ó.88 ab

78.83 cde

80"75 cde

78.@ cde

76.50 de

8O.50 cde

88.33 a

88.50 a

8?,50 a

91.67 a

82"J0 bc

81,56 cd

?9.33 cdø

75"6? ø

?9.67 cde

F
F\¡t
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neasured by DFIJE, DH, DA, FT"N, SPN and IM, Cajeme moved from the

second latesb or greatest to equal Yecora i¡ earli¡ess ar¡d reduced

leaf and spikelet nr¡nbers.

Glenlea" Th¡is cr¡ltivar did not display a signÍficant response to the

days or darlo:ess as measu¡edfoi¡r-weeks cold tr^eatment vrhether i¡ short

by any of the six parameters,

&.epawa," As measured by DFL;Ð, DAo Fl;N, SPN and Il4, Neepawa r,¡hether

vernalized i¡ shorù days or darls¡ess was not significantly different

from the control. The for,r-week short-day treatment did accelerate

days to heading. It was also noted that the shortday cold treatment

was significantly earlier i¡ DFfjE, DH and DA as weIL as ¡educed in

FIiN than the totaldarlmess cold treatment,

Ei9" As measu¡ed by DFT,E, DHu DA, ¡T,N, SPN and IM¡ Pitic was

res¡nnsive tothe four-weeks cold treatments given i¡, darlcness or short

days, Pitic moved frsr¡ bej¡g the latesb cultivar w'ith the gr.eatesb

leaf and spikelet production to bei¡g as early asr and with reduced

leaf and spikelet nunbers eqtal to, Glerr1ea.

ïecora" As measured by DFTE, DH, DA, FLN and IM, Tecora was non-

res¡ronsive to either of the fou¡-¡seeks cold t¡neatments. A significant

¡eduction i¡ SPN with four-urceks cold treatment i¡ darlores's was

detectedr although this ¡¡educülon was not significantly less than

the spikelet nr¡mber of the strort-day cold tneatment"

Cornelation coefficient s" Fearsonr s product<noment correlation coeffi-

individual- plant s-t,atislics and ar^e presentedcients were determi¡ed on
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TABIE 22. Correl-ation coefficients of parameters measured for flve
cul-tive¡s ver¡al-ized i¡ short-day and dark conditlons"

Parar¡eters
Cor¡eleted

Correlation Pîob>[R]- _ Nunber-of .Coeffici.ent Ho: Rllo=O 6 sen¡ations'

Days to flag leaf
emergence w'ith:

Days to heading

Days to anthesis

Days to maturity

Fi¡aL leaf nunber

Spjlcelet nûbe¡

Days to head5ng
rnith:

Days to anthesis

Days to maturity

Fi¡al leal nunber

Spikelet number

Dqys to a¡rthesj-s
rith:

Days to maturity

Fi¡41 leaf nì¡nber

Spi-kelet nì¡nber

Days to matnrlty
rith¡

Fi¡al leeJ nr¡nbe¡

Sp5-Ìcelet nunber

Fi¡a1 leaj nr¡nber
¡rlth:

SpJJcelet nrmber o.56 0.0001

o"97

o"n

o.?4

o.93

o.52

o.99

o.72

0"91

o.53

o.73

o"92

o.56

o"69

o"27

0.0001

0.0001

0.0001

0.0001

0.0001

0.0001

0.0001

0.0001

0.0001

0.0001

0.0001

0.0001

0.0001

0.0006

t66

161+

t57

170

762

763

t56

766

!61

155

t6l+

1óO

157

757

762

a. Of a possible 180.
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j¡ Table 22, HtgÌ¡J-y significant ¡nsitive correl-ations h¡ere found

between ¡11 possible si¡gle combi¡ations of the six measured Param-

eters-DFlÆu DH, DA, IMr ¡T,N a¡rd SPN.

Discussiono The r¡e¡nal-ization responses of Cajeme and Pitic være

r¡¡raffected by wtrether cold t,reatments bÞre in short days or i¡ darlmess.

This result agr^eed with the findings of McKi¡ney and Sando (iç¡¡) an¿

Chujo (t169) for u.i¡ter wt¡eats that r¡ernalization of sprouted seeds

was inde¡ændent of light conditions dur5lg the cold trneatments'

Anomalies withi¡ the non-r.esponsive cul-tivars occurred with DH

for l,treepawa and SPI'I for Tecora. Despite the highly significant cor-

¡elation coefficients between DA and DH or SPN for this ex¡ærlnent,

it was concluded Ín EryerÍrnents I¡ III ar¡d fV that SPN a¡¡d DH we¡e

less reliable meazurnements of vernalization response than DFÍJr DA

and FLN. Tt¡erefo:¡e, the anomalities of this experiment nay be due to

the general breakdown of DH and SPN as meaflrrements of vernalization

æsponse"

Erheritance

Exæriment Xs Segnegation Analyses

Crosses were made between Cajeme and Yecorar Pitic and Neepawat

and Glenlea and Pitic" In the first two cases reciprocal crosses wel€

made. Classification of spríng and ¡rir¡ter type plants was made i¡ the

F2 generation. the latesb freqr:ency classes that feIL oubside of the

latest parent were classified as lrj¡rter types. The r"esr:-Lts ar^e summa-

rized in Tab]e 23 arß hisbograms of the days to anthesis of F2 platrts



TABIE 23" Sogregatlon of sprlng and wlntertype plants ln the F2 generatlon of sprtng x sprlng croee€ec

Croeg

l{eepa.wa x
PLtlc 79

Pltlc x' l'l,eepawa 62

l{eepara-Pltte
Pooled lotal Uf

ïecora
x CaJeme 83

CaJerne
x ïecora 93

Glenlea
x Pitlc 96

Nr¡mber of Plante
Sprlng l{Lnter lots-L

x2 for Segregatlon ofra
3¿t 15:1 6l¿t

86

10

65

151

83

93

97

12.155

73.338

26.227

26.349

29.æ1

29.096

a.
b.
Cc

d.

ïates correctlon for contlnulty used.
Fttted to rat1o.
Fltted to the ratlo, presumably due to gnall nr¡nber of rdnter types.
Fltted to the ratLor but non-appearance of wlnter segregants assuned to t¡dlcate corlrnon Vrn geneo

a.z5tb
Þo.50

o.o83b
Þ0.50

o.ooo4b
Þ0.95

4.578

4"859

3"77t+

N.O99

Icasb Days to Antheste
of l{lnter T}pe

2.'f,|c
Þ0"10

2L.95t+

2.510d
80.10

o.635d
Þo.10

o.o1lb
Þ0.50

85

85

e5

85

e5

85

F
F\o
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IVEEPAWA - P¡TIC , F2 (n'tSt)

}¿EEPAWA

CAJEME - YECORA , FZ (n:176)

(r,
t-z
c
t!o
E
l¡J
tr)
ã
Jz

YECORA
4+t

GLENLEA ¡ PlTlC, F2 (n=97)

GLENLEA

qÈqq)lpolôJ6!co-t¡to(llllrçrrlr)6¡D
DAYS TO

9ÍsOr¡ll]lO(DisÞÞ
ANTHESIS

ligure 21. F2 frequency distribuùions for Days toAnthesis for the erosses of Neepawa_piticl
Yecora4ajeme, and Glenlea x pilic, par"entaf
range of days to anthesis i¡dicated by arrowso
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(r.eciprocals pooled) are presented í-rl Figur€ 21"

The crosses of Tecora with Cajeme fajJ-ed to segregate wÍ¡ter types

i¡ the F2 generation. The lack of ni¡ter segregants $¡as taken to i¡r-
dicate that these two crrltivars had a Vrn ¡]]ele i¡r common. The seg-

regation of plants withjr¡ the bor:nd.s of the parents and the lcnowled.ge

that Yecora ü¡as non-l€sponsive and Cajeme rüas res¡nnsive to vernaliza-
tion would i¡dicate that these two cr¡ltivars did differ i¡ at leasb

one vrn locus. The segregatj-on of early:late ¡^¡"ithj¡ the pooled d.ata

for the Tecora{ajeme cross fitted. a Jzt ratio r,rrith p greater the O.l_0.

The skewed dísbribution i¡dicated domi¡rance of the early e'r'rele.

The Glenlea x Pitic cross produced one wj¡ter segrægant i¡ the F2

generation" The appearance of this wi¡ter segr"egant was taken to

i¡dicate that Glenlea and Fitic do not have the same spring Vm al'ì eIe

i¡ corn¡r¡on. This result seemed reasonable because Pitic has a positive

tìestrÐnse whereas Glenlea has lÍtt1e or no vernalization response. As

the results fitted a 632! ratio, G1enlea may differ from Fitic at th¡ee

Vrn loci, Therefore¡ either GlenJ.ea or Fitic nay carry two domi¡a¡rt

wi¡ter i¡hibitor aIIeles.

The lrleepawa-Fitic crosses produced w5¡ter segregants i¡ the F2

generation. the appeararìce of transgressine segregants i¡dicated that

Pitic and Neepawa did not har¡e a V¡n alle1e j¡ conunon, The segregation

of L5:1 spr5ng to ¡¡inter plants would suppoÉ a h¡pothesis that each

of these spring Hù¡eats possessedonewi¡ter-i¡¡hibiting ¡llele. The

¡'llefs of Neepawa wor¡ld be Í¡sensitive to r¡e¡naLization wt¡i-l-e the

¡llsfs possessed by Pitic wor¡ld be a responsive Vrn nllEfs.

The lteepawa-Fitic f2 generation ûras talen to the Fi generation to
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confiïm or refute the conclusi-ons made on the basis of the F2 segrega-

tion. Segregation of spri-ng and wj¡ter type plants was assessed in the

F3 generation on the basis of days to anthesis. The resr:lts are sum-

marized j¡r Table 24" The demarcation between sprlng a¡rd wi¡rter types

was advanced from 85 days used j¡r the F2 generation to 8O days for the

FJ generation" This advancement was based on the acceleration dr:e

to the hot greenhouse of parental mean days to anthesis:

F2 generation

FJ generation 39

Neepawa

52

Pitic

74

68.

Or the basis of segregation of F3 plants, F2 famj-lies vÍere classified

as spring, winter and segregating. The results of the FJ generation

sbudy fitted an erçected 7:1:8r spring:w'j¡rter:segregating ratio at a

probability 1eve1 of P gr"eater than O,O5 (pooled data). The calcula-

tj_on of a heterogeneity chi-square to test if the reciprocal crosses

repïesented a si,ngle population had a P-val-ue greater than 0.50.

There was, therrefore, no evidence for heterogeneity and the conclusion

that the reciprocal crosses v,Iere a homogenous population was not

refuted.

Discussion. The F2 and F3 generations llere Srovfn i¡doors to avoid

natural vernalizi¡g conditions aS were found by Klaimi and Qualset

çtlZ4)" However, the ZOft5oC growbh room conditions during the F2

sbudy may have caused. some vernal-i-zation that would have caused the

lack of desti-nctive spring and w'i¡rter classes" The almosb conti¡uous

segregation patterns of the segl€gati-ng generations may be the i¡f1u-

ence of segrcgatj.ng modifier genes as vüere posbulated by Kuspira and



TABIE 24" Fl segregatton for growth hablt tn Neepa.wa x Pltlc and Pl-tlc x Neepa.wa croee€ee

Crpss

l{eepawa
x Pltlc

Pttlc
x Neepawa

Nunbo¡ of Fl Famllles
abc

Sprfng Wl¡ter Segr"egating

Total

Pooled

Heterogenlety

3l+

34

t
1- for 9egregatlon of:

a:b:c
7:1:8

68

38

27

o.6577
PÞ0.50

3.0998
P>0.10

65

Ieast Days to Anthesls
of Hinter flpe

3.756e (D.F.=4)
8O.10

2.?læ (o"r.=t)
RO.O5

1,0389 (¡.r.=¡)
RO.50

80

80

F
N
\¡)
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Unrau (1957) and Gotoh (tl77r 7979)" The F2 generations weæ defi¡ite-

1y skeued towa¡ds the earlier parent i¡dicati¡g partial domj¡ance of

the earlier spring al.Ie1eo

Pugsley (tg|t, 1972) determi¡ed that the Vrnl al-Iele was i¡rsensi-

tive to vernalization. However, Berry et gI. (fçæ) found that the

Vrnl a11e1e had a smaJ-l threshold r€sponse to vernalization a:rd the

Vrn2 alIeIe had a cumulative or graded vernalization response" The

Vrn3 al.lele was al-so a responsive sprÍng al.lele fou¡rd by Gotoh (1979)

to be i-ndigenous to Japanese cul-tivars,

Because this i¡rheritance sludy did not use cu-ltivars of lanovne Vrn

genotypes, the r"elationship between the genes fou¡rd i¡r Pitic, Neepawa,

Glenlea, Yecora and Cajeme can not be classed on the basÍs of the

Io:or"¡n Vrn genes. However, on the basis of the vernal-ization responses

and segregation patterns the fo1-lowing genotypes were posLul-ated:

1" Neepawa - A-Abbcc;

2. Pitic - aaBBcc;

3" Glenl-ea - AAbbCC;

l+" Tecora - AAbbCC;

5" Cajeme - aabb00"

The A aJ-lele may be equivalent to the Vrni. alIele" The assignment to

Pitic a:rd Cajeme of different spring genes was based on the premise

that Cajeme hras earJ-j-er and its requirement sooner filled than Pitic

(refer to Experirnent If). A1so, of 18 F2 plants grown from a single

Cajeme x Pitic cross, a single wj¡ter segregant appeared.

The yielding of w'j¡rter segregants from spring x spring crosses

may arise whenever non-nesponsive x tesponsive spring cultivars are
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cross€d" This possibility requires that selections of segrægati¡g

generations tatce place nnder conditions¡¡t¡erre fi¡J-fjJ-lment or parbial

frrl-fiJ-lment of nernalization requirements does not occuLr" The use of

w'j¡ter sñeats in sprÍlg ¡uheat brreeding programs shor:ld require only

the mai¡tenance of a single non-responsj-ve gene such as that found

5n ÌÞepawa; and r,si¡ter Þ¡heats have been assessed by r"esearchers such

as Pj¡thus (t167) as potential sor:rces of higher yield for spring

v¡heats.
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@NENAL DTSCUSSION

The Írnplications for br"eeding programs of variable vérnalization

responses ïrithi¡ spring wheats are nultifold" Pro¡ær assessments

must be made of i¡troductions and panental materials+speciâ]1y

those of exotic orfgi¡i and the vernalization responses that a¡e

acce¡rùable for proper adapbation and dependability musb be considered'

Cajemee Fielder a¡rd Pitic ar"e esbablished late spr5ng cultivars,

but when their vernalization requirements are partially or fi:Ity

met these cultivars become as early as or earlier than the ¡¡eIL-

adapbed western Canadian cr:ltivars such as Neepawa and Si¡ton (nx-

¡nrÍments I and II). In the field, Experirnent IIfr these th:ree

responsive cr:ltivars reached anthesis Í¡ early and mid-Iuly with cold

tr¡eatments as strort as two weeks. The non-vernalÍzed controls howevert

did not reach ar¡thesis r:ntil- late JrlJ-y or early August' Glearlyu wtren

partial or complete natural verna-lization would occt¡¡ during a field

assessrnent of these cr.ùtivars, they would be behavi¡g as normal weII-

adapbed cr¡ltivars" ft was for¡r¡d that ne¡nalization t^esponses develo¡>

ed yery rapidly after f¡duction in responsine spr5ng cultivars (Exper-

J.nent fV), St¡or¡td cool sprÍngs occur during the testi¡g yearsr these

crrltivars could be considered eligible for :¡ecommendation and licens'

ing. However, in subsequent years, warm springs es¡æcially trlth late

plantÍngs could lead to responsine cr:ltivars beÍng sources of crop

faiJu¡e,
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Á¡other source of concern with responsive spring cultivars is

cool temperatul.es dur5ng grai¡ fill-ing that can cause on-p1ant

vernalization of the grain (niaaeff and Gries JB58ç-)" Sed from a

comrnon source that yras alr^eady verrlalized wor¡Ldthenr¡nder a lride

range of early sprlng conditions be r:¡¡iformly early again leading

to possible recommendation of responsive cuLtivars"

The use of nernalization lesponsive wheats as parents Ín breeding

programs can result in segregating generations producing early through

late material, So long as selectj-ons i¡¡ early generations are made

l¡ non-i¡ductive environments, culling of late rnateriaÌ st¡oul-d remove

r¡ernalization responsine segregants from the poprrlatj-on. Because the

spr5ng e]'tsls vrnl has domi¡ant or partin]ly dominant episbas5-s otær

the wi¡ter nlle1es (o") and the responsive spring alleles (VrnZr Yrn3t

Vrn4), the r.emoval of late segrægants wor¡ld not remove potentially

valuable spring material where vernalization r"esponses are undesirable"

The conti¡ruous segregation for date of arrthesis found in Experi-

ment X j¡dicated that despite the snalI nurnber of genes controlling

vernalization r"esponse, ther"e may exist many modifier genes i¡fluenc-

Íng develo¡ment. In crosses of spring parents that differ by one or

more sprÍ:rg aIleIes, such as the crosses: of Experirnent Xr the deli¡-

eation between materíal that is responsive to vernalization and that

rchich is not may be obscr.¡red by the action of these modifier genes.

The classification of the vernalization requirements may be

broad such as described by Martinic (tgZZ) or narrowe Cotoh (t976r

cited Ín Gotoh 1979), The spring wheats assessed i¡r this sbudy were

sirnply classed as responsive and non-r'reponsive with the latter bei-::g
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denoted as sbable or as having thræshold responses with exbended cold

treatments (Experirnent T and II). This broad classification seemed

adeqrate to cover the materia-l- under study" If howeverr the vernal-

ization al.le1es can be demonsbrated to give precise responsesr then

a narrovù classification system to assess genotypic consbitution would

be valid" Although, Gotohr s classification system does give a more

precise lcrowledge of the material, it does reqlrire a greater input of

both materialr space requirements and man-L¡ours.

From the resrrlts of the experiments to characterize vernalization

Ín spring wheats general recommendations can be made concerning

assessment techniques that will mj¡irnize material handLed and

maximize accuracy of assessrnents.

A vernalization treatment of four weeks is r"ecommended.

Halloæn (tçZZ) found mosb of the spring wheats that he tesbed had

their vernaJ-ization reqrirements satisfied $rith four weeks of cold

treatment. From Exlæriment II, Fi-gures 2, ) and 7t fr may be seen that

the res¡ronsive spring cr.:ltivars assessed were fu1fil1ed or nearly firl-

fille¿ by the four weeks cold treatments. Although longer or shorber

durations of cold treatments can cause detectable lesponsesr four

poillts musb be considered, The firsb poi¡t is the sensitivity of

partially vernalized treatments to devernalizationr although this may

be overcome by i¡rtermediate (f5oC) tr"eatments (nxperjments V and \rI).

The second pofut is that cold treatments of two weeks or less may not

j¡duce a detectable difference from rmvernalized controls (Experlrnents

ï, fV and VI). The third poilt is that longer durations may cause no

greater lesponse than the four weeks treatment and may reflect a



129

depr"essed. sLate of vernal-izatíon (Experirnent II and UI)' The fou¡th

poi¡t is that longer durations (i.g" I and ! weeks) may initiate the

threshold Iesponse of cultivars that are basically insensitive to

vernalizationo that although of genotypic impo¡tance is of mi¡lor

significance to cultivar classi-fication. Comparison of four-weeks

cold. treated plants to unvernalized control plants should give an

accurate i:rdication of vernal-izati-on response "

Stabi.J-ity of vernalization response may be i¡rcreased by i::terrne-

di-ate (f5oC) treatments (Experi¡ents V and VI). Admittedly, devernal-

ization was not a serious problem with the four weeks tr"eatment for

Pitic, Experiment V, j-n that the response remai¡ted significantly

earlier than the unvernalized controls' However, the one and three

day intermediate tr"eatments did i¡rcrease sbabiJ-ity. 11 combi¡ation

r,¡ith the r"esutts of Experiment VI the general recommendation is for

a threeday period of jntermedi-ate tr"eatment following the cold

treatment.

Vernalization of grai.:a and, plant is possible and both procedurres

were used in Experiments for this thesis. The application of cold

tr"eatments to green plants was recommended. by Gotoh (fgZ¡) anA

Salisbury et al" (1979) as this treatment better porbrayed the response

as it would be i¡duced under field conditions. However coLd treat-

ment of potted plants has a limiting effect on the nunber of cultivars

bei¡g assessed, due to the space requirements, The cold t¡eatment of

germinated grai.:n is advocated as being the more pract|cal method if

large numbers of cultivars are being assessed for vernalization

rE sponse "
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I:f cold treabments are to be given as seed treatment several_

¡¡ecornmendations can be made" Light durÍlg the cold treatment is

not necessary although when cold t¡eatments were ginen in short day

conditions considerably less etiolaLion occurr.ed (fxperi¡nent D(),

Su¡face sberiLization i-s aduised to pr.event microbial and fungal con-

tami¡ation of contaj¡ers, Plasbic bags can be used to pr"event

excessive moistu¡e Ioss,

The temperatu¡e of the cold t¡æatment was not found to affect

significaritly Índuct,ion of vernalization response (Experlrnent VIII) .

Tem¡æratrrres from 1oC to 11oC can be suggesbed as cold træatments

atthough 5oC is recqnmended as be5-ng slightly more effectiræ"

After cold treatmentso plants may be grov¡n j¡ the field, the

g:eenhouse or the growbh roomc .As was for¡r¡d Ín Eryerlnent IIf¡

rærnalization responses due to cold tneatment prior to transplanti¡g

car¡ be differentiated from unvernalized controls under field condi-

tions. Though field plantÍng Ín Eryer5ment III i¡voltæd a plantfug

ar¡d a transplantÍng procedr:re, wt¡ere growbhroom space is li¡nited and

manpo$¡er is available, field assessments ar€ advocated, the two pro-

cedu¡es a'l'lo¡.¡ material to be held i¡ non-i¡ductive conditions r¡r¡til

the chance of natural r¡ernalization of controls is pasb while sti.Ll

alIor'ring the material to be of 8n age that corresponds to natr:ral

plantÍng procedu:res,

Conti¡uous or long day conditions prevent the compormdÍng of

photoperiod r^esponses with r¡ernalization nespoDs€so Recommended

temperatnnes for post--cold treatment growth ar.e 2OoC to 25oC to

ma¡rimize rate of develo¡ment withor¡ü r:educing differences to
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non-significance. l{ith four weeks of cold t¡eatment and three days of

intermediate treatment there should be little devernalization occll:'-

ri-ng withi-n the 2OoC to ZJoC range of temperatures"

On the basis of the results of Experiments I, IIr fV and TX, days

to flag leaf emergence, days to anthesis and fixal leaf number ale

recommended as measutements of vernaf-ization response with greenhouse

and growbh room pot-planted materj-al. Field space planting resulted

in a large number of tii-lers that made accurate leaf counts difficult

especially i¡r the unvernalized series. Therefore only DFLÐ and D.A,

are recommended with field studies; other stages may be assessed

but are more sr:bject to variabj-l-ity as researchers may differ in

their deli¡reations between developnental sbages.

The fj¡ral recommendation is that the graÍn used i¡ the assessrnent

procedure be of lmown u¡vernalized origin"

As a physiological process the wrderlyi-ng mechanism for vernal-

ization has remai¡ed i¡ obscurity. That spring cul-ti-vars ar^e capable

of vernalization responses and that the spring form with greater

i¡sensitivity to vernal-i-zation is domi¡iant to the responsive alleles

must be Íncorporated i¡rto the schemata on the mechanism of vernaliza-

tion. The depressed vernalization with col-d treatments of ó to I

weeks needs also to be i¡cluded i¡r the general theory of vernalization.

The vernal-ization lesponse Í¡ spring cu-l-tivars has many of the

characterisLics of vernalization j¡ wj¡ter cultivars" The r"esponse

is sigmoid, developÍng rapidly after i¡duction urtil completion of

the vernalization requirement (Experinent fV)" The response may be

i-n part reversed by high temperatures, and this reversal takes place
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after par-bia] verna.l-ization fulfillment (Exper:nent V). The response

can be stabij-ized by periods at neutral temperature (Experirnents V a¡d

VI). And the response decreases as plants age (nxperÍment VII)" The

reaction or reactionsthat consbitute the phases of der¡elopnent of

the vernalizaïíon response need sbill to be clarified.
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SU},il,IANY AND CONCLUSTON

Cu.].t ivar Chgract e rizat ion

Experim_ent T: Cultivar 9lassification
Ten cuLtivars, of spring habit, diverse origÍn and varying

agronomic value, vüere grown in a growbh room after exposure to 0, 2 and

6 weeks of cold tr"eatments. Five paranreters of growbh were measured

to estimate the vernalization:¡esponses of these ten culti-vars and to

defi¡e the i¡ter-r"elationships of these parameters by correlation

procedure s.

The ten cr:ltivars were classified i¡rto two groups on the basj-s

of their general performance" The first group had little or no

vernalization ¡esponse and i¡cluded Benito, G1en1ea, Marquis¡ Neepawa,

Prelude, Sinton and Yecora" The second group wene defi¡itely I'espon-

sive to the vernalization treatments and j¡rcluded Cajemer Fi-elder and

Pitic "

The days to flag leaf emergence, heading, anthesis and fi¡al leaf

nunber wer"e positively correlated in single combi¡ations. Spikelet

number was positively correlated to fi¡a1 leaf number but not to the

other three parameters"

Experi¡elrt IJ: Cultivar Response Patterns with Exfen_ded Cold Treatments

The ten cultivars of Experiment ï vtere reassessed under growLh
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room conditions for response to cold treatments of one to ni:re weeks

duration" Four pararneters were measured to estimate the vernalization

response and to determi¡re the correlation of these characterj-sbics"

Three patterns of response to these exbended cold tr"eatments were

fowrd" The first pattern was complete stabi-l-ity and i¡rsensitivity to

the cold tr"eatments and was characteristic of Prelude and Si¡ton" The

second patteïn was of i-nsensitivity to p'll but the longest (8 and 9

weeks) durations of col-d treatments whereat a sma-l-l but defi¡rite

vernalization r"esponse occurred. This second pattern was character-

idoic of the typic¡]'ly non-responsive cultivars Benitor Glenleat

Marqui-s¡ Neepawa and Tecora. The third pattern was the irregular

cumi:lative or graded responses of Cajeme, Fielder and Pitic. This

third pattern showed slight or pronounced depression of the vernaliza-

tion response with 6 to I weeks of cold treatments; followed by a

recovery with the 7 to 9 weeks of cold tr"eatments that was to or be-

yond. the firlly vernalized state that occurred at 4 ot 5 v¡eeks'

Days to flag leaf emergence, days to anthesisr final leaf number

and spikelet number werÞ positively correlated with one another"

This r"esr:lt indicated that there was a general tr"end for pr"emati:re

termi¡ation of these characteri-sbics with positive responses to

vernalization"

Experiment TTJ: Cultivar Eesponse Patterns with Field Pfa¡rti¡g

The three responsive cultivars Cajemer Fielder and Pitic were

planted i¡ the field at two locations, after O, 21 4 and 6 weeks of

vernalization i;reatment. The growfh stages of jointhgt boott flag
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leaf emergence, heading and anthesis were assessed" As we1_lr at the

Glen-l-ea location ferfil-e and total ti]-ler numbers were counted.

Evaluation of the growbh sbages i¡dicated that the 2t l¡ and 6

weeks cold treatments effectively induced advancement of a'11 !þs

growbh sLages and this advancement was expressed r¡nder the natural

enrrironmental conditions of both locations.

Days to anthesis displayed a graded response for each of the

cultivars with a levelling of r"esponse between the 4- a¡d 6-weeks

treatments"

FerLjle tiller nri¡nber was unaffected by the cold treatments"

However, total tiller numbers were markedly reduced, concurrent l,¡ith

the fi:lfi].lment of the vernalization r€sponse" This reduction pur-

porbed prematurre termination of normal- tjJ-ler production with vernal-

ization. The ferbi-l-e tiJ-ler numbers i¡rdicated that this yield compo-

nent was maximized under these field conditions even w-ith vernalization

fulfillment.

riment il/: Cu]-tivar Res Patterns with Shorter Duration Cold

Treatments

The patte¡n of vernalization responses of Cajemer Pitic and

Yecora to O, 7, 21 4, 8, 16 and 32 dqys of cold treatments rùas assessed

under greenhouse conditions" Six parameters lrlere measured to quantify

vernalization responses and to educe relationships for these traÍts'

Yecora was not responsive to the vernal-ization treatments; al-

though for some parameters, longer cold durations (16 and )2 aays) dia

tend to reduce measurements'
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The nesponse patterns for Cajeme and Pitic were noticeably

simiJar although Pitic ::emai¡ed later ar¡d mor"e productive than Cajeme"

.An jnitial lag period occr:¡red that lasbed from two to eigþt days.

Ve¡nalization proceeded rapidly thereafter with a decli¡e i¡ rate of

acceleration between 1ó and J2 days' The 1ag period was attributed

to a necessity for ar¡ i¡duction Period and the decli¡e to the

completion of the nernalization requirement"

Days to flIag leaf emergence, days to headi¡g, days to anthesi'st

days to maturity¡ fixal leaf nurnber and spikelet nunber we:re e'11

positively corrrelated. Howerær, on the basis of the resr:lts of this

and previous e>rperlrnents it was concluded that days to flag leaf

emergence, days to anthesis and fj¡41 leaf number wer"e the mosb con-

sisbent and accurate measurements of vernalization responseé il

spring r¡?¡eats"

Characterization of Vernalization

Exæri¡nent V: Der¡ernalization

warm temperatu:res sr:bsegrent to cold treatments ar€ able to

cause ¡reversal of the r¡e¡nalization i¡duced i¡ w'inter vltreats and

rye, This devernalization ls prerænted by longer cold tr"eatments or

i¡termediate (neubral.) tempratu:re treatments' Pitic was studied to

assess devernalization by warm tem¡æratr::re ar¡d the sbabjLization

created by the duration of cold and l¡termediate t:¡eatments.

Regression analysis reræaled that coldr fnterrnediate and warm

treatments cor¡ld account for much of the variabil-ity in days to flag

leaf emergence and anthesis' Cotd and j¡termediate treatments



t37

advanced deræIo¡rnent whereas wa:rÍn treatments delayed develo¡ment,

.Assessrnents üÞre made of cold x i¡termediate x warm i¡teractions.

The six-væeks cold trreatment was relatively stable, being neither

delayed nor accelerated by warm- and i¡termediate-tem¡æratr:re tr"eat-

ments" The four¡ueeks treatments ¡ere devernalÍzed by 3 or 6 days

atwarm temperatu.:ne but this devernalization vras prevented by 1 or J

days of i¡te¡mediate tem¡æratu¡e" The tvro-weeks t:¡eatments yJere con-

cluded to be the most sensitir¡e to der¡ernalizíng conditÍons r¡.ith

stability i¡cneasirìg with length of the i¡tem¡ediate tr.eatment.

Experiment'Ult: Stabil-ization

The dr¡ration of i¡termediate tem¡æratu¡e (f5o0) necessary to

stabilize nernalization :responses rr¡as assessed for Cajeme, Fielder,

Pitic and Yecora.

Pitic and Fielder were sígnificantly sbabÍlized by j¡termediate

treatments of 1to 6 days foJ-lor^ring two weeks of cold treatment.

there Þras a tnend $rithin the four weeks cold treatments for greater

stabÍlÍty with the longer i¡termediate tem¡æratures; but the six-

weeks cold treatments wene unaffected by i¡termedj-ate tr.eatments.

Orly the six-weeks cold t:reatments of Cajeme was significantly

s¿abil-ized by 1 to 6 days of i¡termediate treatment' Yecora was

non-nesponsive to cold ar¡d intemediate treatments,

ft was conclnded that 1, 3 and 6 days of j¡termediate tr.eatment

i¡creased stability u¡hen the gra5l was partially vernalized and that

although 1¡ ! and 6 dqys at 15oC effectively induced sbabii.ization

the thr"eeday tneatment was generally the most favor¡rable duration.
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Expg.riment IIIT; P].ant Aee

vernalization rresponse is lmown to decrease with plant age i-:r

wj¡ter wheats and rye" rn this study the effect of age on the vernal-

ization r€sponses of Pitic and Neepahra was ascertai¡led.

Neepawa at ages O, 7, tlr, 2l a¡d 28 days was non-responsive to

all but the six+¡eeks cord treatment at ages Z and ll¡ days" pitic

was responsive to cold treatments of 2, 4 and 6 weeks at ages 0 and Z

days" As ages i¡creased from 14 Lo 28 days responses for pitic de-

creased to non-significance for even the six-weeks cold treatments.

Ït was concluded that at ages 0 and 7 days vernalization response

was o¡rbÍmaJ- and this maxi¡ization was due in pazt to greater sbabÍlity

of the sevendqys age group.

Experi¡ent VIII: Cold Temperature

Three tem¡æratr:res of coJ-d treatment-lo0 , 5oC and 1lo0-were

selected for st,udy of this environmental characterisbic on the

vernalization responses of Cajemeu Pitic and Yecora.

the vernalization r.esponses of Cajeme and Pitic i¡duced by t, 2

and 3 weeks of cold treatment were not significantly affected by the

temperature of the cold tneatment. Yecora vÍas non-responsive to the

11 2 and J weeks of cold treatment at any of the ühree tem¡æratures.

The spring cultivars Cajeme ar¡d Pitic have a w'ide range of i¡ductive
temperatures and as measured by days to flag leaf emergence and anthesis

1oC, 5oC arrd 11oC we¡e equalÌy effective vernalization temperatures.

ExqSriment D(: Lieht

The effects of shor'l days and darlmess during the sprouted-seed
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vemalization of Cajeme, G1enlear Neepawa, Pitic a¡d Yecora vJere as-

sessed under greenhouse conditions by the measurement of d4ys to flag

leaf emergence, days to heading, days to anthesis, days to maturity,

filtal leaf nurnber and spikelet nr¡nber"

Darlmess or short days did not affect the vernalization r.esponse

i¡duced in Cajeme a¡d Pitic by four weeks of cold treatment. Glenlea,

Neepawa and Tecora rære r.elatively non-responsive to either the dark

or shorL-day cold treatments"

Tnheritance

Experi¡ent X:. Seg¡egation .Analyses

On the basis of F2 segregation for days to anlhesisr the number

of gene differences goveming vernalization response were dete¡mi¡red

for Yecora{ajeme¡ Glenlea-Pitic and Neepawa-Pitic crosseso

Tecora and Cajeme were assumed to have a Vrn gene in com¡non due

to lack of winter seg::egants" The f2 frequency disbribution fitted

a jtl ratio of early to late segr.egants i¡dicating that these two

cul-tivars may differ at one locus, gorrerning r¡ernalization response,

Glenl.ea and Fitic produced a w'i¡ter segr"egant i¡dicati¡g that

these cultivars had no Vrn gene j¡¡ common. The 6J:1 ratio i¡dicated

a three gene difference between these two cultivars.

Neepawa and Pitie produced wi¡ter segregants i¡dicatÍ:rg that

these cultivars do not have a common wj¡ter-inhibitÍng gene. The data

fit a 15:1 spri¡g to winter ratio denoting atwo-gene difference' The

Neepawa-Pitic crosses !ìler€ advar¡ced to the FJ generation to deiermi¡e
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homozygosity and heterozygosity of their F2 parent" The data from the

F31 s supporbed the two gene differænce fo¡nd i¡ the F2 generation"

Conclusion

VariabiJ-ity of vernalization responses and reqrrirements was found

ïrithj¡ the selected group of spring v¡heat cultivars.

Erçr"ession of vernali-zation responses was dependent on dr:ration of

the cold treatment, the posL-co1d treatment temtrærature conditions

and the age of the plant when neceiirl¡g the cold treatment. Light

and temperature conditions during the cold treatment withi:r the

bor¡rds tesbed i¡ this study did not greatly affect vernai-ization

re sponse c

I/üithi¡ the spring culti-vars there were found graded'cyclic and

threshold lesponse patterns; as well cultivars u¡ere found that

were i¡rsensitive to all of the cold durations used.

The spring cultivars crossed differed byoneto three vrn genes'

The earliesb non-responsive spri-ng gene was palti¡lly domi¡rant to

the responsir¡e spring genes and the wj¡ter geneso The inheritance

of vernalization response was not i:rfl-uenced by maternal j¡dreri-

tance. And modifj-er genes i-nfluenci¡g days to anthesis were

suggested.

The greatest asset of the ysmalization responsive material was

its high tiJ-ler ar:d spikelet numbers, which would give these

cultivars a yield advantage when their vernalizatj-on requir"ements

lære not met and growing seasons were long enough to permit proper

maturation. The ful-fjJ-lment of vernalization requirement i¡ these

2

4.

E
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culti-vars would lead to depressed yield; whiJ-e late matu¡ity in

shorL growilg seasons would prevent proper seed set and fiJ-li,ng.

Increased i¡rsbabiJ-ity of maturation and yield was i¡troduced with

spring cultivars with graded vernalization response. Selection

and assessment procedures need to meet this problem,

Recommendations

L. The assessment and classification of vernal-ization responses of

cultivars to be used i¡ br"eeding programs should be carrj-ed out

using a sbandardized procedu:¡e.

Eval-uations may be performed i¡ the growbh room or the field so

J-ong as attempbs are made to avoid naturaf- vernal-izjrtg conditions.

Breeding programs that i¡voIve the use of r¡ernalization responsive

cultivars should be designed so that the undesirable responses can

be discarded during early generations of selection.

I\¡rther investigation shorfd be made to identify the Vrn al-leJ-es

present i:: girren cultivars" The identification would involi¡e the

use of cultivars of lsxown genotype. The use of wi¡ter-habit ct¡J--

tivars of rrrnlvrn?vrn3vrn| genic consbitution could be used to

quantify the number of Vrn genes found in a spring cultivar"

The effect of vernalization on yield components shoul-d be fu¡ther

assessed to deli¡eate between responses that are liabiJ-ities and

those that are assets. Those components of yield that can be i¡r-

herited Íldependently from vernalization responæ shoi¡ld be

determi¡ed"

The effects of diurnal- temtræraturæ variatíons on the i¡duction of

2.

l+"
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vemalization responses in sPring

better understand the develotrment

(fi-efd) conditions,

wi'reats shoiúd be assessed to

of the responæ under natural

5. To improve evaluations of ye¡l¿lization and devernalizationt

i¡rductive vernalizj-ng temperatuf€s, neutral temlæratu:e s and

devernalizing temperature s should be deU¡reated.
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APPEND]CES



APPENDIX 1" Analysis of variance for
ization response of ten cul_tivars
cold üreatment, Experiment I"

parameters used
exposed Lo O, 2

to measrire
and ó weeks

1.53

verria.]--
of

Source of Variation D.F" cõrJerJo M.S. F-ratio Pr>F

i) Days to flag leaf

Replicate (n)

Cultivar (C )

A;ú (Oruor a)

Treatment (t)

c*i'

Rlr0xl' (Urror U)

Tota]-

emergence

2

9

18

2

18

36

85

34"t2

800.99

727 "35

648.27

787 "7t

1o3.83

2¡5o2.L8

t7.06

88"99

7.08

324"t4

l+3 
"7 6

2"gg

46ôr

752.93

!9,21

35t.20

31"69

7 "698

2"lr!

12"58

2"4r

7 "96

0" 1180

0,0001

7L2.38 0"0001

15 "17 0"0001

g.y.=\"6flo

2) Days to headi-ng

fieplicate (R)

Ci:ltivar (C )

nx0 (nrror a)

Treatment (f)

Ct'I

n)úfl (nrror b)

Total-

3) Days to anthesis

Replicate (n)

Cultivar (C )

2

9

18

z.

18

36

85

92"61

7r376"35

345.79

702"39

570.tQ

277.19

3r361+.69

90.80

7r671"29

0. i_182

0.0001

45"62 0"0001

4"tz 0"0001

C "V.=6.2I/o

l+5.40

185"70

4.46

78"26

o"0267

0"0001

Cont t d"
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APIENDII{ 1" (Continued)

Source of Variation D. F. S"S" M.S" F-ratio Pr>F

3) Days to anthesis

RxC (error a)

Treatment (t)

cfr

RxÛxl' (nrror b)

Total

(Cont I d" )

L8

¿

18

37

86

783"O7

793"63

797.37

237.91+

3t771+.O9

70.77

396"92

4l+.30

6"43

o"12

l Et). )+

0.22

1.39

t6"gg

1"03

6t.Tt o,oool_

6.89 o.ooor-

C "Y "=5 "54%

l-) Final leaf number

Replicate (R)

CuJ-tivar (C )

ftC (nrror a)

Treatment (t)

cfr

Rú)CI (nruor b)

Tot,aI

5) Spikelet numbera

Group A (excluding

P,eplicate (R)

Cultivar (C )

Rf (error a)

2

9

t8

2

18

37

86

Pitic)

2

I

76

O.2l+

31"82

3.97

10.69

u"7t

7 "58

69.ot

o"55

76.O5

o.5874

0.0001

5"35 26"06 o"oooi_

O.82 3"99 O"OOO2

o"2o5
ç "y.=J.95/o

2.78

735"93

16"40

1.36

16"58

o"2858

0.0001
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APIENDü 1" (Continued)

source of variation D.F. s.s. M.s" F-rati_o pr>F

5) Spikelet number (Conttd.)

Treatment (f) z z.7g t.3g o"g3 o.h)+Lg

cril' t6 26"g0 1. óg 1.01 O.47O1

n;ú)CI (nrror U) 36 60.00 I.67
C .y.=9 "5ú"

Total 80 ZhJ+.77

Group B (ritic)
Heplicate (R) z 2,06 L.03 o.og o.gz5o

Treatment (r) 2 66.06 33,03 z.5j o,r934

nrti' (rrror) L 5r"96 !2"96
C.V.=2L.74o

Total I tLg"gg

âo Heterogeneous culti-var errors" Cultivars divided i¡to two groups
on the basis of error te¡ms calculated to be si¡li-l_ar at tno.oor.



APENDD( 2. Analysis of vari-ance of parameters usedization response of ten cultivars exposed Lo O_9
treatment, Experiment TI.

L56

i-¡r measuring vernal-
weeks of cold

Soi:rce of Va¡iation D.F. QC M.S. F-ratio Pr>F

1) Days to flag lea-f

Replicate (R)

Cultivar (C)

n)ú (nrror a)

Treatment (t)

c}f'

RxCt'I' (Error b)

lotaL

2) Days to anthesis

Replicate (R)

Cult,ivar (C )

nú (nrror a)

Treatment (T)

c>fr

ndt'I (nrror b )

Total

3) Final Ieaf Number

Replicat,e (B) !.42 2.62 O.1OOO

emergence

2

9

L8

9

8L

180

299

235.37

81429.66

L70.58

1+1068"59

4r383"78

ltl+75.53

18r7O3.45

1,77.66

939.63

9 "l+8

452.O7

5l+"L2

7.86

72"42

98"83

57,48

ó,gg

C "V.=7 "71+/"

L2"@

88.1+7

56"79

6.1+3

C.Y.=6"t+úo

0"0004

0"0001

0"0001

0.0001

0.0005

0,0001

0"0001

0.0001

2

9

18

9

81

L80

299

273"42

91068"t4

205"O1

t+,5o8.92

l*594"&

lt587 "81+

201237 "93

136"7t

I|OOT "57

!7"39

500.99

56"72

8"82

2"84

Cont t d,
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APFENDD( 2" (Contim:ed)

sou¡ce of variation D.F" s.s" M.s, F-ratio pr>F

3) Fjnal Leaf Number (Cont'd")

Cr:l-tivar (C) g zt+o"6g z6"TU t+g"t+z 0.OOO1

nlc (nrror a) 1g g.Tt+ o.5t+

Treatment (r) g r36"gt 15,20 h7.32 o.oooL

c)fr g1 137"11_ 7.62 5"O4 0.OOO1

Rxcfi' (Effor u) 1gO 57.93 O"3Z
C ,V.=7 "M/o

Tot,al 299 579.03

Ð Spikelet nr¡nber

Replicat,e (n) 2 o.73 o.37 0.06 0.91+60

cintivar (c ) g 7t3"t+3 79.27 !2.7g O,OOO]_

Rú (nrror a) 1g rll,tg 6.jt

Treatment (r) g 165.73 19,41 L6.36 O"OOO1

CfI 81 313,5t+ 3.87 3"LL O.OOO].

nlcxl' (Error u) 180 202.6! I"L3
C.V"=6,88/o

Total 299 I'5I3"Z3





1,59



1ó0



1.61-



1.62
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161+



L65



_LCO



167



168
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APTENDD( 4" Analysis of variance of pararneters used to measure thevernalization response of cajeme, Fielder a¡d. pitic exposed to o, 2,4 and ó weeks of cold treatment with subsequent field plantings atUniversity of Manitoba Field Research Statiins, Glenleä and wlnnlpeg,Experiment Tff"

Source of Variation D"F, QQ M.S. F-ratio Pr>F

1) Days to jointing

Iocation (I)

Replicate (n)

L:<R (nrror a)

Cultivar (C)

RIC

I,:ü¡ú (Urror U)

Treatment (t)

C)il'

RtrT

ftiC:fI

Ir{Rú)CI (Error c)

Total

2) Days to flag J-eaf

Iocation (t)

Replicate (R)

IxR (Error a)

Cultivar (C)

1,

2

2

2

l+

6

2

6

6

72

26

70

emergence

1

2

2

2

r84.17

o,37

2"64

O"9l+

7 "36

tg"g7

593"65

70"63

o"76

5-84

83"63

909.89

158"L2

30.26

73"55

l+1.35

184"77

0.19

L"32

O.l+T

1"84

3"32

797 "88

1"77

o"73

o.49

3"22

t5B.t2

15"73

6.Tg

20.68

739.31

0" 14

0.14

o.55

61"52

0.55

0.04

o"75

g .y.=4.9ffi

23"34

2"23

0"0071

o"8786

o"8703

o.7043

0.0001

o.7649

o.ggg7

o"ggg3

0.0403

o"3093

1,48 O"2ggg

Cont I d"
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APÏENDIX 4, (Continued)

Source of Variation D.F. M. S. F-ratio Pr>F

2) Days to flag leaf emergence

AIC L

I,>cflû (nrror b) 6

(Cont'd. )

27 "o9

93"66

Lr84J+.38

L33"53

l+8.69

12.9O

22O"25

2r6L3"77

46"97

24.74

24"90

258.99

72.62

726.64

3r851"36

tL9 "87

97"1+6

19.65

6.77

73"94

6tL"T9

22.26

8"72

1"08

8"47

72.57

¿"o)

o"g6

o"13

C.V"=7.65/o

3,77

o"gg

6"Ll+

0,15

Ll+5"83

2"27

7"73

0" 19

0.0001

o.o3g8

Q.l+722

o"9997

o"t976

o"50L6

o.o35t+

o "9565

0.0001

o.0693

o "1550

0"9980

o.49 O "71+74

Treatment (f)

Ct'Ï'

nrCI

n;ú)CI

I;ùú>fl' (nrror c)

Total

3) Days to boot

Iocation (I,)

Beplicate (R)

Ixf, (Error a)

Cr:ltivar (C )

RÚ

bü)C (Orror U )

Treatment (t)

cfr
R#I

RICfI

3

6

6

72

26

70

1

2

2

2

4

6

3

6

6

t2

t+6"97

12"37

72"45

129,5O

3.!6

21,.!!

11283"79

lg "gg

75.24

l"6t+

Cont I d,
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APFENDIX 4" (Continued.)

Source of Variation D"F. S.S" M.S. F_ratio pr>F

3) Days to boot (Cont'd.)

IüRú)CI (Urror c) 25 Z2O"O8 B.gO
¿ .y.=7,26/o

Total 69 hfl97 "27

4) Days to heading

rocation (L) 1 15.01 r5,ot r.o7 o.Log5
Replicate (R) z rL"gL 7.te 0.53 0"653g

IxR (Eryor a) z 2g.O3 I4.O2

Cultivar (C) z 33g.To J-69.g5 g.23 o.Oj.gl

R)c L 3L.Lt g.60 o.Le o.7gtg
txft;c (rruor b) 6 tz3.7g 20"63

Treatment (t) 3 3]7t.6o Lrz57.zo zLt.77 o.ooo1

cnl' 6 30 "L3 5,oT o.g5 o.5t+rz

n}f' 6 gt+.25 74.04 2"37 0.0601

nrú)CI IZ 3t+.72 2.g9 O.Lg O.9O3I

T.l<Ìdfl (nrror c) 25 ILS"4Z 5.gt+
C.V.=5"610

Total 6g 41625"20

5) Days to anthesis

Iocation (L) ! II"95 !1.g5 !"OT o.41o3

Ìeplicate (R) 2 Io.33 j.I7 o"t+6 0,6g4)+

Cont t d.
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APPENDD( 4" (Conti-nued.)

Source of Variation D"F. SuS" M,S" F_ratio pr>F

5) Days to anthesis (Cont,rd")

rxR (Eruor a) z 22.U2 L!.2I

cult,ivar (c ) 2 5L)+.o4 7o7 .o2 t1,.t+6 O.OOgg

Brú 4 IT "73 t+"h,3 O"2O O.g3O7

txìxc (nrror t) 6 L3t+.56 22"h3

Treatment (r) 3 3t996"56 :.rz95.5z zI2"T9 O.0OO1

c*i' 6 t5.o7 2.51 0.4r 0.g636

R:t{' 6 3tn"to 5 "69 O"g3 0.4636

aúfr 12 2O"4O 7.7O O.2g O"gg77

I¿rArú*I' (nruor c) 25 I5Z.2L 6.09
C.V.=5.3qo

Totat 6g |rg:-g "37
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APÆNDIX 5" Analysis of variance of titler nurnbers of Cajeme, Fielderand Pitic exposed !o o, 2, \, and 6 weeks oi cot¿ treatment ¡¡ithsubsequent fierd plantÍng at u, of M. Field Research sfáiio",
, GlenÌea, ExperÍment ITI.

Source of Variati_on D.F" QA M,S. F-ratio Pr>F

i) Total til_ler nunber

Replicate (R)

Cultivar (C )

AJú (Error a)

Treatment (f)

ct'I

fu{C:cl' (nrror b)

Tota]-

2

2

4

6

18

35

357.88

836.O5

32.13

2t155 "9r

67 "55

994.O8

4tM3"6t

249"77

74L.l+t

5L.81

l72"gg

53.30

hgt+"96

7r754"18

178.91+

418.03

8"03

778"64

11.26

55 "23

!24.86

70.77

t2.95

57.66

8"89

26.9t+

22.27

52"03

i.3.01

0.20

2"lh

o.33

0.0068

0.0014

0.0001

o"97]t

o"o2g5

0.0719

o"7307

o.9125

2) Fertil-e ti-l-ler number

Iteplicate (R)

Cu-ltivar (C )

nñ (nrror a)

Treatment (f)

cfI'

RrúxT (Error U)

Total-

2

2

4

3

6

18

35

9"64

5.1+6
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APIENDTN ó" Analysis of varj-ance of
measuri-ng vernalizatíon re sponse
0, 7, 2, l+, 8, 16 and l2 days of

different parameters used in
of three cu.1.tivars exposed to
cold treatment, Experiment TV.

Source of Variation D"F. qe
MOS' F-ratio Pr>F

1) -Ðays to fJ-ag leaf

Replicate (n)

Cultivar (C)

ftiC (Orror a)

Treatment (f)

cfI

AJú]CI (Error b)

Total

2) Days to heading

Replicate (B)

Cultivar (C)

nlC

Treatment (f)

CICI

tuû*i' (nrror b)

Total

3) Days to anthesj-s

Replicate (R)

emergence

1

2

2

6

72

t_8

l+t

g" 10

2rOO!"45

6.oln

1r495.26

610.tg

724"63

4?245"67

8.10

1,000;'73

3"O2

2l+9.2t

50"85

6g "t5

l+.72

1.rt76"73

5 "86

266.93

37.31

77.26

2.69

??1 qo

35,99

7,34

c .v "=6"34o

0.81

201"01

o"2t+3o

0"0030

0.0001_

0.0001

o"4641

0.0050

1

2

2

6

72

18

47

4.72

2t353"t+6

L]-"71'

7?600"96

M7.76

3to.62

4t729"22

t5 "1+6 0,000 j_

2.16 0"0676

C.y,=7.96%

2.80 0.236213.53 73.53

Cont I d.
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APIENDIX 6" (Continued)

Source of Variation D.F. S"S" Ìjl.S. F-ratio Pr>F

3) Days to anthesis (Contrd.")

Cultivar (C) 2

RIC (nrror a) z

2r87O"37 1¡4O5"79

9.66 4,93

29O"78 0.0034

37"67 o.ooo1

6.77 o.ooo3

ç "y "=J "23/o

6

L2

76

39

Treatment (t)

c*i'

RxCt'I (nrror b)

Total

l+) Days to maturity

Seplicate (R)

CuJ-tivar (C )

RÉ (nrror a)

Treatment (t)

CrCI

ftiCfI (nrror t)

Total

5) Fixal- lea-f nunber

Eeplicate (R)

Cultivar (C)

Rú (Orror a)

1

2

2

6

T2

18

4t

1

2

2

Lr603"t14

576.55

113"5L

51727 "O7

0"70

l, u6 "t7

L0,70

6to.g3

172"73

1,52.90

2tO93"52

0.o05

40.25

O.2l+

267.2t+

48"O5

7,O9

0.70

573.O9

5.35

101.82

u.3h

8"49

0"005

20.13

0.12

o"73

LO7 "15

0.04

168"20

o "7 524

o"oog2

17.99 0"0001

7"69 0"1528

C.V.=3.5'Vo

o.8569

0.0059
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APIEI\|DIX ó. (ContÍnued)

source of variati-on D.F. s.s" M.s. F-ratio pr>F

5) Fjnal- leaf m:mber (Cont'd)

Treatment (t) 6 23.h6 3.g1. 33"36 O"OOO1

c)ú' 72 4"O5 0"34 2.gg o.o21o

nrú)cl (Emor b) 1g Z.!! O.I2
ç.y.=3.*flo

Total Lt 7O,1,j.

6) Spikelet nunber

Replicate (n) 7 7.42 7.42 6,3g 0.1275

Cultivar (C ) z 25.95 tz.gg t!"I6 o"og2:-

Rú (nrror a) z 2.33 L.!T

Treatment (r) 6 3g.t+g 6.5g 7 .66 O.OOO3

c>ff 72 2t,g2 1.g3 2.73 O.O72O

Rxcf1' (Error b) 1g t5.t+7 0.g6
C "V"=5.TL/o

Total ht 112.56
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ÂPrENDrx 7" .Anal-ysis of variance of parameters measured for pitic
exposed to 0, 21 4 and 6 weeks of cold treatment ¡yith sr:bsequent
inte¡medÍate-tem¡ærature treatments of o, 1 and 3 days and warm
teroperature treatments of 0, 1, J and 6 days, Extrærirnent V"

Souree of Variation D.Fn cc MNSU F-ratio PoF

1) D4ys to fLag leaf

Beplicate (n)

cold (c )

R.s (Urror a)

Intermediate (f)

CxI

RúxI (Orror U)

wann (w)

cdù

TJúü

CxÏrrlt

R)ûxÏxül (nrror c)

Tota.L

2) Days to anthesis

Seplicate (R)

' cold (c)

Aú (Urror a)

T¡te¡mediate (I)

emergence

2

3

6

3

9

6

18

72

u3

2

3

6

2

37.87

gr6tß"gh

L15"86

99"86

w"52

77"26

t12"57

52"27

l+6.15

tg3"g7

306.45

toe769"88

tg.g4

3tzu"6t

tg"3t

l+9 '93

L5"O9

l+"45

37,52

5"gl

?.69

10,78

l+.26

o"9g

167 "54

17.2!

3.39

8"82

7"36

1.81

2"53

ç.Y"=la.6flo

2.30

uo'37

o"42óf-

0"0001

0.0009

0.0237

o"oo01

o"2lg8

0.1097

o,o02g

0" 1815

0.0001

2

6

L6

tu"t5
roe456"8L

u8"99

u8"t5

57 "O8

3el+85"@

?4"83

74"08 u"85 0"0002
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APIENDIX 7. (Continued)

' source of variation DoF, s.s. M.su F-ratio pr>F

2) Days to anthesis (Cont'd.")

cxÏ 6 uo"og 29"35 5.69 O.OO25

R¡ûxT (nrror u ) 16 29.83 L,gg

wann (w) 3 gg"3r 33.70 6.52 o.ooo7

cxlrl 9 65.73 7 "3o !.trJ+ o"rgl7

Ix!'I 6 66"t+o !1.o7 2.79 o.o54g

CxIxÏ'i 18 221"20 IZ.Z9 z"LZ O.OO43

R¡úxlxlri (nrror c) Tz 365.67 5.oB
C "y"=3196/o

Total IL3 111936"32
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APTENDIX 8.
anthesis
Lo O, 2,
6 days at

Analysis of variance for days to flag leaf emergence and
measr:red for Cajeme, Fielder, pitic and yecora è>çosed
4 and ó weeks of cold. treatment fol_lowed by 0, 1, I andlrtermediate temperature, Ex¡ærÍment üI"

Source of Variation DOF' M.S" F-ratio PnF

1) Days to fJ-ag leaf

Replicate (R)

Cr:J-tivar (C)

nú (nrror a)

cold (co)

C>úo

fi¡rC>to (error U)

Intermedi-ate (f)

CxI

CoxÏ

C>úoxÏ

RxCdoxI (nrror c)

Total

2) Days to anthesis

Beplicate (n)

Crntivar (C )

Rd (nrror a)

cold (co)

emergence

3

9

)

I
36

9

9

27

140

257

2U"72

l+t379 -o2

77 "87

31322.1,L

71273.69

360.O5

772"O2

6T "zz

27O"2L

383,22

7tOO| "91+

\1r468.06

77"57

1¡459.67

8"65

7r7O7.37

134"85

10,00

57 "34

7,47

30"O2

u"19

7.20

96.96

11789 "o7

t7 "67

836"67

8.27

168.71

770"72

t3"4å

7.96

1"04

h"77

t"g7

C "V.=7 .\flo

l+.83

99 "57

0.0059

0.0001

0"0001

0"0001_

0"0001

o"4136

0.0001

0"0060

o"0285

0,000i_

3

)

9

J

260"57

51367.22

167"7!

2t5!O"Ñ 53"15 0"0001

Cont I d,
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APIENDIX 8" (Continued)

Source of Variation D.Fn S.S. M.S. F_raüio pr>F

2) Days to anthesis (Cont'd.")

C}úo 9 111g0"16 t3lt3 g.33 O.oooL

R¡CrCo (Eryor b) 36 566"72 I5.7t+

. 
Intermedi-ate (f) 3 t26.9! tr2.z7 L"9g o.ooz7

cxr g t33,31 14" S1 7.75 0.0836

coxÏ g 257 "06 29.56 3û7 O.OO1O

Cdoxf 27 L37"TL tg.!L 2.It+ O.@23

R¡CÉoxI (urror c) U+t 11196.27 g,4g
C .v.=69flo

Total 252 LZr249. jg
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APIENDIX 9. Analysis of variance of days to flag leaf emergence and.anthesis for Neepawa and pitic exposed to 0, z, L ana ó-weeks ofcold treatment at ages 0, f, rL, zr and 2g d.ys, Experiment vrr.

Source of Variation D. F. êo
\Joùo M.S. F-ratio Pr>F

1) Days to flag leaf

Replicate (R)

Cultivar (C)

Rú (Error a)

Ase (a)

CxA

R¡úxA (nrror U)

cold (co)

C:Co

A:úo

CxA:úo

F¡úxtuto (nrror c)

Total

2) Days to anthesis

fieplicate (R)

Cultivar (C)

nlû (nrror a)

Ase (a)

u2,1,6 29"L3

11008.14 1r009.14

31.74 6ú5

761298.6! t+rO7l+"65

72.61 19.15

628.L7 o.oooi.

2"8O 0"0386

emergence

5

7

5

h

l+

40

3

)

72

t2

148

237

L15.U

57o.63

9 "29

12r785.72

100.03

2OO"53

7r326"60

785"73

1t1+7O.55

Lt795'06

777"72

18,610"g8

23.O3

51O.63

1.86

31046"43

25.O7

5"Ol

M2.2O

261.91

!22.55

99.59

4.81

L2"39

274.79

&7.69

l+.99

91,95

5t+"t+6

25.48

20"71

C .V.=8"83/o

0"007ó

0.0001

0"0001

o.oo23

0"0001

0"0001

0"0001

0,0001

0"0ó28

0.o001

5

1_

5

l+"48

758.79

4

l+

Cont I d"
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APFENDIX 9" (Continued)

Source of Variation D.F. S,S. M.S. F-ratio pr>F

2) Days to anthesis (Cont,rd,)

ft{cxA (Error b) 40 259.3L '6.48

cold (co) 3 11526,L5 512.05 t}7"5g o"oooL

crco 3 L.oTS"gl 3ig "62 7r,35 o.ooo1

Ajc0 72 trgL5.t+6 t57.29 30.02 o.OOO1

CxA:úo 12 tr4gl"75 LZL.3I 2L.66 O.OOO1

R¡CxA:Co (nrror c) LL7 7UO"9O j.OL,
C.V.=6.54o

lotal 236 2tq1+75"73
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APTENDIX 10" Analysis of variance of days to flaþ leaf emergence and.
a¡thesis for.cajeme, Pitig and yecora exposed to o, 1, 2 and J weeksof cold treatments at 1.r"c, r+.9'c and lo.z"c, Experiment vrrr"

Source of Variation DO.F. ee M.S" F-ratio Pr>F

1) Days to flag leaf

Replicate (R)

Cultivar (C)

RÉ (nrror a)

Weeks (Ïf)

Cxhi

tuOxl¡t (urror b)

Temlærature (t)

c>fi

tùfr

Cxhlfl

RúxllxT (frror c)

Tota]-

2) Days to anthesis

Replicate (R)

Cultivar (C)

ftú (Error a)

rdeeks (W)

n --f.1uf\w

emergence

2

2

4

3

6

18

2

'l+

6

t2

l+7

10ó

7"70

11369'97

5"65

927.34

E1Ù EI)r( ø)+

29,63

12"33

74.O5

18,t7

32"33

771"41t,

3r1OO"75

0.85

684"99

7"lrL

3o9.tt

96"26

1"65

6.17

3 "5!

3"O3

2"69

3"65

0"60

L,$l+.88

\q.77

52.39

1"69

o"g6

0"83

o.74

C ,¡l .=5 .7 t+/o

7"72

371"61

o"5909

0,0001_

0"o001

0"0001

o"7954

o"t+368

o "5526

o.7070

0"2897

0.0001

2

2

l+

10" 19

2?206"72

11.88

t?258,t!

573"O2

5,lo

1.17O3.36

2,97

l+79,37

95"50

u5.o7 0,0001

33"04 0"OO01

Cont I d,
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APIENDIX 10" (Contirrued)

Source of Variation D.F. S"S. M.S" F_ratio pr>F

2) Days üo anthesis (Cont'd")

Rlcxlrl (nrror u) 1g 5z.Ot+ z.g9

Temperature (r) z 29"22 rt+.rt 3,oo o.oj93
c)d' l+ 25 "L6 6.29 r.3t+ o "2696
rdlcr 6 3g.5g 6.L3 r.37 0.2ú6g

CxW>fI 72 t+9 "tt* 4.l_O O.g? O.5gOz

Rú$tfI (uruor c) t+7 zzo.gt+ L.TO
C "\tr.=5.36/o

Total 10ó t+rt+73.9o



APIENDD( 11" Analysis of variance of parameters used to
ization responses of five cultivars exposed. to four
treatment under shorb day or dark conditions and to
cold treatment for controls, Ex¡:eri-rnent D("

L85

measure vemaf-
weeks of cold
zero weeks of

Source of Variati-on D"F" QC M.S. F-ratio Pr>F

1) Days to flag leaf

Replicate (R)

Cr:ltivar (C )

nl0 (Orror a)

Treatment (f)

ct'r

nl0xl' (Error b)

Tota]-

emergence

3

L

72

2

I
30

59

20.95

tr5O9"57

83"36

It327 "57

!t513.38

262"h9

l+r7L7.3o

6,gg

377.39

6,95

663.79

189 "17

8.75

12"51

439 "22

10"87

907 "79

234"23

10.8ó

1,0L

54"33

o.t24t

0.0001

o"3686

0"0001

75"87 0"0001

2L.62 0"0001

C.\1.=7.ül/o

2) Days to headirrg

Fteplicate (n)

Cultivar (C)

Rd (nrror a)

Treatment (f)

c>fr

RICfI (error l)

Total

3) Days to anthesis

Replicate (R)

83"57 0"0001

21"56 0.0oot

C.Y.=6"85/o

1"65 o"23to

)

4

t2

2

I
30

59

37 "33

r1756"87

73O.48

]-1875.57

7r973"86

325.88

5t94O"t9

1_"75

40.39

l+6"O4 15"35

Cont I d"
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APÆNDTX 11" (Continued)

Source of Variation D"F. S,S. M.S. F_ratio Fx>F

3) Days to anthesis (Cont'd")

Cultivar (C) t+ IrgO2,53 t+50.63 Lg.3L o"ooo1

nlc (Error a) tz 111.96 9.32

Treatment (r) 2 t¡557.5? 77g,Tg 6g.15 o.Oool_

Clrf' g !?gg3.L3 235.1+3 2O.& O.OOO j_

arcfl' (rffor b) 30 3[z,g3 II.t+3
g ,y.=f .OL/o

Total 59 5flM.ZT

l-) Days to maturity

fieplicate (R) 3 9.96 3gz o.h4 o.726L

cul_tivar (c ) lr gt2.21, 229"05 3}.hh o"oooj.

nlc (eryor a) rz 99,90 7.t+g

Treatment (r) 2 tgg"3g gg,7g 70.42 O,0OO4

c)ar I 236ðt 29 "54 3.70 0.0117

C "rtr"=3"74%

Total- 5g IflZZ"Tt+

5) Final leaf nr¡nber

Replicate (n) 3 0.63 O.ZL t.OT o"3g73

ci:ttivar (c) t+ M"zo tL.o5 59.32 O,O0O1

Rd (nrror a) t2 2.35 O.2o

Cont I d,
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APIENDX( 11, (Continued)

source of variation D.F. s"s. M.s" F-ratio pr>F

5) Fjnal. leaf ni¡nber (Cont'd,)

Treatment (r) z 26.52 L3.26 ii.zg o.ooo1

clrT' I 32"29 L.o4 16"g3 o"oooi.

Ar{C}CI (nrror b) 30 7.Ig O.ZL
ç "y.=5.6{o

Total 59 It3.I9

6) Spikelet nunber

Replicate (R) 3 27.35 g"!z 5.6g o"o1.t7

cdtivar (c) 4 Lt+r.ho 35"3j 22,05 o.ooo1

Rxc (error a) 12 lg.z4 r.@

Treatment (f) z 7I.3g 3j.6g zz,go o.OOo1

c)fl' g g5.t7 11.gg 7.63 o.0oo1

n;û*i' (nrror t) 30 t+6.76 I.j6
C.Y.=8.O4o

Total 59 t+OL"3t


