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I$rqoprrcrroN

Looos ss.ut of barley, Uslglggg _In{þ (iens.) Rostr. is an impor-

tant disease in nar6r barley protlucing areâs. Tbe reduction in yield

is apprordnatety equlvalent to the percentage of *rut (18). In 19õ9

Cralgie (3) e etlnated that thê averagÈ lnoiilenoe of Loose ond eoverêil

snut in Manitobe nras 3 pez. oent. This indl.caied an annual loss of

11466,000 bushels. Plant Diseases OoüDíttee Re¡orts (2) inali oãte that

Loose snut infectlon ln berl.ey has beoû incraasing to tho extent ttrat

tn 1950 it alone avsrågsd 5 por oent i¡feotion in Manitoba. Indlvidual

Losses rnay be groater ae fields sho$ing 20 per ceat looso srnut have been

reporiad (2 ).

. 1¡lhil€ the percentage of lnfection gene::ally is not high, tlre ten-

ilency of 'bhe d.iaôase, once establfehed., to Lncrease yêàr b¡r year ln-

oroâses the seriousne ss of the probLen. Controi is difflcult as loose

srtrut is int ra seminal and oannot be aontrolLed þ the surface sts:'iLizatLon

¡nÉthods whLch are effectivo against surfaoe borne srut sporos. Thê

<llsease c¿n be oontrolLed bb' the hot wator eeetl trsatnent Þ¡b this nethod

ls illfftoult to use aatl often seriously red.uces the gernLíaetion of the

see d..

Thê brê€iling of r€sistaät varieties offers the best praatlcal

rì€ans of control. Considerabi-ê fiork to¡'¡ard.s this objeotlve hå.8 bsen ilon€.

the reaotion of a ru.mbe r of vaníeti.es to Lsose smut hss be6n r€BortÈd

(16] an¿ resLstant varieties are avalLable for use as parental- neterie.I.

Utllizailon of these souroês of resistanoe '¡ouLd be facilltateit þr

kroerl€dge of the noda of their i¡herltance and b¡r knor,',iledge of their
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l lnl¡ag€ relations.
' PhysiôLogioål specS.aliøation hs.s b€en shorln to occur ln the

pathogen; this conrplå cate s thé pLant breeding problen anô ¡nake s it
ôeelrable to have lcrol4.lêdge of the occtrrreno€ s.nd nature of dlffe re¡lt

sources of resistanoe.

This study was uadertaken in an effort to provlde sone info¡*

eetion regat'¿in6 lnheritanoe anil linb.ge rele.tions of re si etarice

fron oertain aou-rce s usetl in the Unive:'slþ of Ma¡rltoba bariey breed-

ing prúgra¡.
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RE'firEw pF Lrsq¡AlgaE

ñr'ith (r9] presentoar a bri€f royíerv of the work of a nrsnber of
f.nvestlgators oa the lnherÍtance of reaotioa to looge out.

Ta.pkô (21J ili stlngul shed Ustil.gåo nicta from llstLlago qu¿a anil

desoribe(l the fornor. 0f these tvro he founit that lJ.stf laåq n:lerq ooul¿l

bê aont¡ollðd by ourface stor!.lf.zatto¿ of the seod.

.A¡ttfielel lnooulatLon wlth ÏJstltteo nuda whL ch ie a flora] Ln_

feotLng s¡nut oonsists of plaoing the chran"ryd.o spore s into the florets of
the host at floweri-ng tf-ae. va¡íous te chnl,ques have boen usod, to acco¡n-

plish this purpose and thê rel.ative efffoiency of the cllfferent inocr¡-

l.åtlon nethods ha.I beên tested.

Sahanils and SchalLer (16) revte.*ved thor.oughly tho nethods whLoh

håd be€n used in naklng artifiolal laoc-r¡Latior¡s 'øith roose srut and re-
testeil the uore proni sing of these methoite o They <ìeseribed a method

rrrhereby' iIry spores were trpuffeilrr fro¡r a snalL rubber bxlb, through â

hypoôermic needle, to the stlgna after the loqmå.ffas ptorcedo poeblnast

(10) use¿ a hypodorrric neod.Le ln a siaiLar nanae r exoept that aa aqueous

suspension of spores wss used,. Moore (?) desoribe(I a v&suum n€thod.

ï¡hereby a spore suopensLon is forced lnto the florets lq¡ å su¿ilon 
"e-

lease of air into a partial vacr¡r.¡r¡. formoil above the suspeasion oovoring

the spike. Ross et a1 (14J comparêd these three methods and. founrl that

inJectlon of an aqueous suspension of chlanydosÞo!.es was most effective.

Under the oomparatively dry conditions in ålborta, dr1¡ spores prod.uoed

lower paroentages of lnfeotion than harÌ been obtained at Wisoonsin (i7).

tater CherEr¡riok antt Fopp (]] nrodtfíect Moorers partial vaouun
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nethôd and sucoêed.6d. in inereasing the speÐd. of íaoeÍ¡latron es w6r.r as

raislng the percentage of infeetion.

C-eneral.ly, in crosses betweer raslstant and susceptlble varietl.es,

resLstanoe sppears to be d.ue to a singLe domlnant or Lnccmpletely donlna,,t

gene. Howeve r, rnodlfying genes have been postulate<l to aoeount Íor the

laeli of olear cut segregations (6). It is aiso possÍb1e that tire se re-

suits rce re due to a laok of efficiency Ln thê ínocure-tion nethods that

vre¡e avail.ebie to earÌy gonetle investlgators.

Zetl:er (22) studied B orosses betv¡eon barloy vârietios sho-w{ng

le,r'Lous Cegrees of rosistance and susceptibility tc Us!+iaec nuda.

Although the evidenee -uya s not oonclv.slvo, resistance appearod to be

tlonin¿nt and control-}ed by a single faotor. tr[hen two susceptíb1e lar-

ietles were c¡ossed. there was rlo evidence of transgressiwe segrega.tion

touard. greater resistarrco.
' 

Nahïnûaohe r (8) co¡fi¡ned tnaïry of åeinerts results; the unaor-

ta5.nþ- of the lnfeotion method, holÉ€ver, nede l-t ôiffteutt to obt¿íu an

accurate anølysis of thè faetors governlng the reactlon of the Fg pr.o-

genie s.

livi::gstone (O] founO evLdence for the pïesÊnce of a sing1e

domina¡rt facto¡ for resista:rce ln go rrleum deflcle:¡s and th.e Hor4g¡:n

vulgqlg variety T¡çþj. n'o evidence of association betv¡een the genes

for resistancê arxi those for hood.s and. keynel ror¡i" number was fourd..

Sahand, s (15J reportea a olose Ìinkage bebu'een the geoes for the

stem rust resistance of Chevron a¡d tbe Loose smut resLstance of Treb¿.

Seha]]er (fZ) snowe¿ that Trebl, Jet, Ðorset and seLeetfon
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It173-L0-5-ô-1 eaoh possessed e single gene Tirhl.ch confert€d. lts olrn

degree of re sistance. The genes ln Trebi *nd Jet gavo the higbo st de-

grÐ€ of resistance å¡À $€re clo¡ni¡ent ln effecto

Transgreesive segregatlon obtairxeil ln the oross between Trebi and

.let suggested. thot the se gen6 ð were inilependently laherlteit. ?he Dorset

gêas and the weak gene in sel.ecrbion Xt7õ-10-5-6-L wef,e alao iadepenilent.

LinJøge betøee¡ the Dorset anil rlet g€lre a ïa6 suggesteil.

ÎÌre follorrlng norphologl.cal oiraracte rs rrhich ã.re locatei! on the

ltnk.ç gmups Lnilloatod r,€r€ stuðÍed¡

Char¿.olql Linkaåe lqroug

::oa-6-rowed vs. 6-roûed. splko I
. blaok vs. r¡¡hite lewna and perlcarp II

hulled vs. nakstt cerS¡opsls III
anms vs. hood.s IV
rough ve. sraooth a",s'ns V
Long vs. short haíred rachll-la V
noyrnal seealli!.g eolo? vs. :¡a¡tha VII

No evid.enoo of aeeoe:iatlor¡ bot$rsea the gerre s conditlon{ng aay of the se

characters anit the genes for sut reEistance wae found..
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MATERT.ITS .E$D MEgfoDS

Varl-etl€ s

The resistsnt varieti€s studied are bef.ng utillzed for snut.resis_

tance 1n tho barley breediag progran at the Ilniverslty of Manltoba.. Tltan

(C.¡. ZæS) has bosn useil for a number of years¡ Jet (C.I. 967) and Valkte

(C.f . OZaO) were obtaiued fron the Ca¡ra.d ian Aocession Bureau at tho tine
this lnvestS.gation was lnltiated. Montoalm, the susoeptlb3.e varLet¡r, has

besn uõod a.a a sourcs of yield anrl neltlng qualiþ ch¿raoteristlog.

Inforoatlog rêgarding the reaotio'r of these varietj-es to physlo-

logloal raeeE of lIstilego nuda was suilpl teal by Cherew.i.ek (f*1.

.ll g:rp¡¡611"uorl data ¡y W: i" therewlok,

Laboratory of glant Pathologr', ïrinnipeg, Manitoba,

Montcaln orlgfuated f¡o¡n the oross (Miohtgan õ16O4 x Cormon Slx-

Rowed 43O7 M. C.) * Ubn<lsoheurÍ 1807 M. C. It ís re sl. stant to severe.l

oolleatiohs of loose snut but ts hlghly susoeptlble to the one useit Ln this

experiment.

Jet Ls ¿ trlo -rowed., black, hulLess barley of å,þssLnian orlgin. It
appears to be highly re sL stant to aIl. the eråstf.ng races of loose snut

slnoe none has been obssrvêd on it 1n el.thor inooulateC or uainocuiaterì

rnaterLal (1?).

litan origlnated from th€ arosg Trsbi x ctabron. It is susceptibLe

to some collections of sut but í¡rnuae to the stut used ln thls expeil-

nent (1oo. gþ).
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Valkie is a ye]lo.lr¡ aleurone, two -rog,. barley. It is resistant to

a number of col-lections of slnut iaol.uding the one usèd in this stud¡r

(1oo. att.).

flybrld Populatioris

EybrÌd populations a¡ere obtal-ned fron the fol lovring croeses ¡yhioh

w'er6 rnâde êuring tho surmor 1950!

Montoalm x .Iet
Jet x MontoaLm

Mortoalm x Titan
Tlta:r x Montcalrn

VaLkf.e x MontoaÌrn
Morxtealm x VallLe

Vaikie x Titan
T lte.n x Valkle

two generations of plants from theso orosses were gro,,m ia the

greerliouse during tho wlnter 1950-L951. ALl the naterial that was to 'oo

Lnosulated was planted in JanuarXr.l95l so the.t the parental varietLes,. 
.

F1 and F2 of eaeh cross ooul-d. be gro$n and lnooulateil uadel similar scn-

illtLons. Ðuo to u::favorable oirowstances sone of the F, plants illä not

reach maturity and therefore the populatío¡ of these nas not extensLve.

The hyb:.ld natortaL was testeê for roaotLon to tho s¿t ln the F¿

and Fg generatLons" Sínce genetioally suscoptlble plants nay escåpe in-

fectåon, classlflcatloa of F2 plants was b¿seci on the percentage of srrut -

tod plants in F3 p.fogeny rþrrs. This nas done to minimiue the effect of

osoå.pe s on the ratlo of resistant to suscoptlble ln F2. The F2 d.ata were

uaed to prorl:ide an estlmate of the percontage of srrut erpected otl segre-



gating F3 lines. l¡lhên tvro parents differ ty a singLe fac*or pair, the

segregattng Fg J.ines and th€ F2 populatíons are genetlea3.S.y allke hence

the peroontage of snut in the F2 population should be approxiinateJ.y

equlvalent to the percentå.gê in the eegregating Fg llnos"

Ir:oculation Prooed.ure

During flowerlng, appro:duately 6O F2 plant s fron eaeh cf the

reciproaal orosses were takoa at ran<Io¡r for inoouL¿tlon. $: atte:npt .llas

nad.e to ånocu,iate a suffieiont number of he¿ds to prod.uce ¿ nlnl¡rrnn of

30 fuooulatêd seeCs fTom each plant. åbout ?0 heads fï'cur oaoh parental

verlety ard the avallable lì6ad.s of, f1 plants were lnooulated during the

earne period of tl¡ne,

Ttre originat incculur., was pro-rided. by W. J. Che"eç{ek cf the

DomlrÂion laboratory of Hlant Fatbologr. It was orlglnail], o¡tu1o"U t*ot
Saparree, Ont¿rio, gnd ìÀ¡a s desLgnated as coLleetton 45-50, of Ijstil,ago

nuals.. Ssve¡'aL heaée from llonLcalu plants gro'rre ín the fielctr f.n 1950 were

inoculated -¿¡ith lt. Jlpproxlnately 20 progonies fr.ora e¿lch of 10 of the se

heads v¡.ere grouna rÌuríng the rrlnier L951. As lt has been suggested that

vl ¡'ulenoe raay differ wlthin a ot¡uÈ colLectlo:r, tbe l-no cuhm. whfah n'as

used. througbout this study was takeu fron the progenli of the lnocul.ated.

head thst prcd.uced the hlghe st peroontage of lnfected planrls. Freshly

ooLlêÊted íno ouL&. was used and apore gerr*lnetion uas teeted repeated.3"y.

the needle !Êethod. was usecl. fo¡ r'.aking inocuLatåo¡rs. â, h,ypode:r-Li e

ne€d.l"e r¡ås iÐs€rt€d, througb the lemna of eaoh 1nêividuai flo¡et aad. an

e,quoous spo!'e suspensicr: was inJeated into the flo¡ets.
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Èature Plån! E¡qr¿:l¡Fåiqn

For various r€asons the Í'5 progen¡r rows coasisted. of fenror pJ.ants

tixaa is d.esirabl"e for genetic analysis. Tlll"erånË ì¡rhlsh î,,¿ s rroi profuse

unöer g,reênhouse cond.itions, partlal steriì.lty especiall;r in the i'o su_

lateé heads and don s.r.oy in a portion of .the seed. whl ch was pJ.anted in
the field conbíned to Íeduo6 tl.ie nur,ber of ¡ilants ln the F3 progenl¡

. Neve¡.bheless aLl, the iilocuLated materiel wâ6 growrt a¡rì used for
colLeotlng data. This co'¿rse was folLoiyed. besause eLlmínation of i;he

short iines woulô tend to introriuce a bi¿s ipto the ra,;io for kernel ror{

-numbe r þ eLirnination of Z-rcryed. segrega.tes.

Â,Ll ttre inoouLated. ¡nater!.at -uïa,s gro-li¡tt lri the fíeLd during the

su¡mer of 1951. Before ¡:1ao'bing,, all the seed r¡ras treated. ¡.Lth Ceresan

to minimlze the poesllllity of lníeetton wf.ih fe.Lse looêe or coverâd,

wrut anri to glve pre,tectlon agalnst root rat o:'ganl.ens. îhe inoou-lated

seed, from lndlvldual F2 piarit s lr?s gror¡ln in separato roros¡ anô v¡hen un-

inoaulated. seed nas avallablo, oorre sponding roÌr¡s were, gro*:r frora it so

that the segrega.tion of rnorþhological char.å.ete rs couLd, 'pe obse¡ved in

F5. The l:roaulated seed from tb.e F, plants ând frorl' the parental

vadetLes rras grorirì in headroçs.

Áfter tÌre plarris had grolrn to :naturLi;y they were puLleal to deter-

mine tho numbe¡ of smuited anti non- srutted. p1ant6 in eaeh li::.e. A plant

harring even a sLngle gutted tlilor ms rega?dçd as susoeptlble. The per-

centage of sutted plants ln Êach ro-ì,q was oa I cu]et ed. fro¡¡ the totals

obtained..
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.ê.s so ciatlqg gq_,Cþaraate{å

The p.rents of two of the srosses ínvolvlng reslsf,ånee and sì¡s-

aeptibtliqy to loosê srut differed in sçveral morphologlcaL clra ¡"s. cte rs

}rron'n to be elnply i¡he¡i-ted. The variety Jet has ¿ black ler'¡n¿ and

perioarp, 2-rowed spike and short giune auns. In oontrast, I'Iont calm has

a whlte lemma, 6-rowed spike and 3.ong glume awås. VaLkåe differs fron

trÂontcalm in havíng a z-rowed spike, yeLlow âleuro}3.e and short glume auns.

Those characters rÍe rB obsqryêd in FZ popr¡lations grorr:r from un-

lnocuL¿ted 6e€do lÞta were ccLlectod bl. deteminlng the phenotype, anL

n'hêIe poscíble tho geuo\tpa, of intllvid.ual F2 plant s which Treîe inoou-

Ìated. Gerotype foy aleurore coLor oould- be obtained ln F2 since aleurone

ool-or is an errdoepear cbaraoter¡ slnllarly awn polnted latef,als ser-ved to

dístinguíeh plants hetoroz¡'gous for the f,aoÜor oondltlonlng kernel row

nu¡¡ber. Â1L F2 tieterninatlc&s exoept those for aleurone oolor ÌTe rÉ check-

ed aga.ln 1n the Fg lines grorrm from ths intllviôual f2 plants.

The date oolleoted Tüero usêd in an attempt to verif! the re¡:ortod

node of lnherl-tance of these cha rre-cte rs Ln the v¿rietles studled; the

reLêtiorrship of tho genes cond.itioÏIing these oharracters to oach other ard

to the genes for ¡eslstance and susceptibliity to loose srnut. For thts

pu"pose tests of good.iresõ of fit a¡d indep€ndence ¡vere na'd.e by neans of

the chi si[uare r A, probablilty ralue groåter than .05 'qic,s regårded as

lndl catlng a satlsfactorXr fit.
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xEsuLT s åNÐ ÐrscusslgN

Inhe rltance of P.e sl stanoe to _LôoJe ftu;t !q the Cr¡es Je! LMontcåþ
The dietributlon of loose srrut infectlon by ¡re rcentage ola.õees

for the pa.rcntal rol''s a.nd F2 antt Fg pr.ogenie s is sl:,oÌìrn in Table I ¿nd

ls lll.uatrated g*phlcalLy 1a Figure r. Tho c!¿ta fro¡a the roolproaâlã

of this oroas were oonblned as shoqrn in îable I slnce their ilistrl_
butlons rre essatrtiaIly aLlke .

TÁ81,E._l Pistrll¡,rtion of loose Srt Infootlon -by Pe¡centage tlasqes_for
the parentaL lows and F¡ anti Fg progenLes oe tn" crr* 

-
den x tvionTcs,lm

Farent or Cross

C]a.ss mark of per oent lnfectloa classes Totel
no. of0 5 15 2õ 35 45 55 65 l5 B5 95 tínes

Montcaln

Jet

.Ìef x Moatoal.m F2

Jet x Montca3.ur Fg

1õ7 24320
1.8

4L

795L59

18

52
41 7

871
22?,3!4 2 3 6

lhe progery of the 18 lnoouLated heads of Jet which contalned 281

plant 6 shoïr€d no srut. Thlç gubstantlateil previous obsefl¡atious slnce no

loose snut has bee¡r obse'vecr on Jet here or at lïisaonsrn (rz]. The:efore

Jet is regardod as fu'mu¡r€ to the raoe of srrut uõed i¡ this lnvestlgatlou.
The proger,J¡ of the 20 inocul"âted head6 of lûontcalm oonsistlng of a

total of 345 pJ,ant s shofi€d a:: avenage of 72.2 per cent sørut. This peraeat-

age of Lnfeetion showed thåt Montoaln Ls susaepti¡le to colleotion 4S-3O

of loo6e sÂr¡t. The range of lnfectio¿ tn the inctividuåL roï¡s whicir waE

fro¡ 50 to 93 per cent showed that laooul.ations hâd beon oarr.Led out ''"lth
a rea son€.bLe do6ree of efficieacy.
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0515253õ4555657585
Peroentage of s¡utted plants per 1íne

DISTRIBUTION OF S{UITED PI,ANTS llq ¡,ÎONTC.É'IM

05152535455565758595
Percentage of slutted pLants per lirê
DISIRIBUTION 0F S\4UTTÐ It.{Nf S IN FA LI¡ilrS 0F JnT x MONfCå$d

05152535465565758595
?ercontage of snuttsd plents per Line

DISîRÍBUTION 0F S¡UTTED FL¡tlÍTS IN F3 LINËS 0î .Ifr x MONTO.&I.¡I

30

tr'igure i.



'flhen a singLe (Iomirrant gene is responsiì:Le for reslstance å of

the F, Þ1ants of a cross betneen re sl etaut aad suscoptlbl-e varieties

ar.e erpected to be genetioally susceptlbl.e. The average peroentage of

s¡iuttetl plants in plants grorrm fr"on arblftolslly irlosulated seeå of the

susoeptÍble parent r¡a s 72.8. åssuritng the sane dêgree of Lnfeotl-on in
the F¿ plents, 18 pêr aellt (72.2 x å) of them wouLd be extrEcte¿ to shorn,

srut. fnocul.ated. seed f¡on 21 F1 plant e ïra s groÌet] and ?4 of the 6Bg F,

pla.nts obtalned or 19.1 per cent rr€re $lutted. The aotual peroentage

of srn¡'bted plant s ob-r,aineil in F, eloseLy approá.eÏ¡es the ê¡qpe ct€d..

The dlstrlbutlon of Fg Lineõ o¡! a percentage infection baeis ie

ehswü in Table I and Figure I. 0n tho aseunption that l-lne6 shoÌ!-j.üg no

sørut are honouyêous for tkro resistance of Jet and thoso that 6hoï¡ a¡úr

d.ôgree of süt possess oone susceptibility, these lines may bo d.ividett

l-nto tuo groups¡ 4L resistant anè 9B susoeptlble. The chi squate value

1.4988 mittr a probablLify value betwe€n .50 and .20 incti oate s ¡€asonabl.e

agreemerrt to a õ:I ratlo.

sincs no lfontcalm rows (Figure r) shcwed. loss than 40 per eent

sorut anô no F2 llnes ocntained more thau 40 per oent, the Fg lines were

ativtd.ed at ths't point into three eLasses reprosenting the resistant,

segregating and. ôusaeptlble l.ines whioh are expeoter! if snut reslstance

Ís sirnply inherited. The nìtrmbers in eaoh class resp€ctlvely are then¡

4!:66232.

If i::herlteaae of r.e¿otion to out Ls clue to a single faotor,

the porcontage of sn¡t ln the segregating F, Line6 ie expected to b€

approrínâtely equal- to the perce:rtage ln the F2. *,atuat1y the Fa
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showed an aseraêe of 19.1 per eent snu.t rrhife the 66 Fz lí:res cl¿ssïÍled

as segregeting shcwed 2L.3 pe:'oent.

Tvro ¡io::e oo:npa ri sõn s botween thec:'eticaS-1-y eryectod. â.ïld. aatuai

numbe rs are nâdo possible by the diylslon of the Fg lines into three

olassesô The ¡'esulí;s of ljhe chi square tests for goodneos of ftt of node

of inheritance of reactlon to snut are su¡.,ma ri¿ ed i:: TabLe II.

1.A3LI If, *. Sur¡¡¡arnr gl Qþi Square T_egts fqr Ì[ode of Iqþertte¡ce
of Reactåon to Snr¡'L ¡4 the t{g¡s Jet I Mcqtoaln

Cha¡:acte¡ and Cross ås su:r.pt ion x-2

Jet x Mont caln (n=159)

susc. & seg. va. res. Llnes

:"es. & seg. vs. suso. lines

re6.: seg. ¡ susc. llnes

,t):Ì

3:1

l:2:1

I ¡4988

.2502

.632!"

,30-.20

.70-.50

.90-.80

As al1 the probabllity values (ïable II) are i.n excelS" ont agree-

ment v:ith a stutgle factor lrypothesís, the evidence indieates that the

resl"stanoe of Jet to colleation 45-50 of üstilago_ g¡þ is conditioned by

a singLe gene.

l¡¡hí1e ro F1 plants Ìqere grolvri from inoculated. soed., the 1ow per-

oentage of infectlon Í:r F2 anrì the l"arge low lnfection ol.ass Ln Fg ind.i-

cate that the gene is d.ominant in effeot.

ft:herítanoe of Re_sistaree to_Loose Sqtrt in t_he C.ross Titan x Mqntqaln

The distríbution oÍ loose srn¡i lnfeation by peroentage classes

for the pareni;al rorEs and F3 progenies is ehorvn in Tabl"e IIf. Due to
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tbe sfuaiLe.:'it-¿r of the distrlbctions, the daia fron both reciprocals of
the sross ',ss¡e combined. 0n1y a liniteal amsunt of infornation regå.rd._

ing the sTì''rt lnfecti.on of the tr'2 of thle eross ls å.vallabje sLnce r,o st

of the F1 plants growtr for lnogulation failod, tÐ r3¿Òh matur.lty. Hoç-evor

36 pLar:ts were obtainecl from i:rocuLatod Fl sae¿l; g.3 per cent of theso

plant s sho-uveil. snut in F2 .

TABLE_ IJ! Distribu-i;ion of Loo_ss S!gt_ Infeotron by pereentage Clasqe,s
for the ParentaL Rsï..s anel Fg Îrogenles of the Cross

Farent o¡: Cross

tl-ass mark of per cenÈ infec.!íoc cLasssg Totol-
no. of

0 5 15 ?,6 3õ 45 55 ôF 76 S5 gã ltnes

Montcaln

Tita¡¡. x MontcaS.rn F3

IO

75 27 6t2
-ta,

148

lho proger:y of the 18 i:roouLat,.rd hoads of Titan showed. no søl¿t.

This agreos wíth resuLts obtalned. by Chereyrl.cb (]oo. ctt.) antt sùroyrs that

TLtan is lmmune to eolleotlon 4ã-50 of ilstiLêåo nu4a.

Ttre proger¡r of the ?0 ino ouiated. head.s of MontealÌ¡ previously men-

tLoned. r¡¡ere usod agaiir to represenÈ the distributl-on of s¡nutted planis in
the susceptlble pareutal varlety.

As shown ln Table III ths absenco of a4y F5 l-lnes i¡ the õ0 Èo EO

per cent lnîectloa classes dlrrides the prog€rr!.es into tv¡o groups, apprond.-

matS-ng a 5:1 ratio. Suah a ratlo would bo e:cpootod if reslstance ls con-

illtío:red by a single factor. Tlhen olassLfied in this ma¡ner there ¿re
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109 resistant and segregå.ting lines and, 59 susceptl'ore rines. Gooclness

of fit to a õ:1 ratlo was tested. by ¡ûeans of the ct:.i equare. Á, ohi-

squas'e vå.lue of .L441- with a probabil ity of .80-.?0 was obtained. lhis
Lncllcates satisfaotor'¡r flt to a single factor ratlo.

E:canfu¿tlon of the dl.et¡ibution of Fg liaos ia Tabl"e III and

Fígure fI shorrs a prepoi:d.eÌå.ncê of Lines wi bhout any srurt. The Loï¡ por-

centage of infection ln F2 suggests that a l-arger nuírbêr of plant s than

was ¿yairabLe in some of the F3 lÍnes lrould. be requlred to ill stlngui sh

segz'egating lines fyo¡a regLstant oues.

Ia' this oross Tital :c Ïfontoalm, only B.Z per cent of srut r,¿a s ob_

tained in F2 anð 6.3 in !'g rines trre.t courai be classifred as segregatiag.

The peroentages of strrut ln F2 and f.n the segregattng Fg lines aro

approxinateLy equal a.s is expected when resLstance ls conditl.oncd þr q

single gens. Eovrever the peroentage l-s oon6id.€lab1y 1ower than the 18

per oent ï¡hiùh is oxpected lvhen reactl.on to errut is conilitioneit by a

slagle donlnant gene 
"

ftvo hypothesis have been ad.vaaced to acoount for sinllar low por-

oontagos of infectlotr ,.n th€ progeqy of ll'ocr¡lateil plant s whioh we re

heterouygous for resistance. *, hlgher nor.talit¡r rate in s¡mt lnfesieil

scods ånd seedJ-ings th¿Í ia uninfoetod. ones woul¿l tond to cleorease the

pereentage of sr t in segregatíng lines. SchaLl-er (l?) found some

evidence indloating that a higber death rate ooou¡'s in infe cteil seod.-

1ings. Incre¿sed. nortal-ity so¡netime s does ocûur as a vo¡]¡ hlgh rate of

:nortal ity haE been observ'od. ir infectêd seedlir.gs of Tltan Lnoaulated

n¡lth a eorÈain col-LêotJ.on of looso $rn¡t (loc. cít.), It is atso
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po6Ê1b1e that resi staat me"ternal tissae surroundlng the enbrXro in plants

hoterozygou.s fo:. resistance, ín some way hinders infection of the enb:yo

in lqrbrlds invoLvlng Titan.

Both of these tqrpothesis ¡¡e¡e å.dyanood b¡¡ SchelLer (fZ) in tt-te

study of the sgrut ¡eaation of hybrlds from crcsses involv,ing Trebl.

lrebi 1s orro of thê parents of Tltan and it has been suggested that Titan

has d.eyived a gene for €mut Tesistance fro¡n Tre¡f (]6). If this is the

oase, hybrld.s 5-irvolvlng eaeì1 of Tita'r and Trebå can be expêoted to shsv¡

sfuiilaf,ity i¡r reaotio¡ to loose smut "

Inhe rttange of Êe sl slaaoe to toosq *nut in t¡g gross La:lkio ¡r Lfeglgål¡q

The dfstrlbutio¿ of looss siaut lnfeotíon by percentage classes for

the pareatal roE¡s and F5 progenles ls shovffi l-n Table Iy and in Flgure III.

Tbe ilata fron both reoiproaal.s of thís oross we ra coÐbÍncd sinoe the ilis-

tributioas were sLmÍlar. SjhiLe nost of tbe F1 pLant s Lntended for inoou-

Latlon falled to reåoh natu:'Lty, the proger¡y of one lnoeulafod plant

Ehowed 7 per oent snut ¡ thls line consisted of L snutteil and i5 non-

gnrutted plants.

TÀ3LE Iq ÐÍstrlbutlon oillggse -:@? Infection W Percentagplqle€ggg
for the ParentaL Roï's and F3 ProgenÍ.es of the tross

P¿rent or Cross

Cl-ass mark of per ceat lafeation classes Total
no. of

0 6 15 25 35 45 55 66 75 85 95 Li.:ae s

Montoalm

Valkle 10

Mo:rtoalm x Vallåe F3 60 24 19 4

13724320
1li

3 279Tr4 I49
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Evidenae obtai¡erl by Cho revrl ok (-Lg. u¿f . ) Índicãted that VaLkie

was Lnmune to the coLleotion of snut used in thís experimeat. Eor,yever

the progeny of 11 inoouLâteê heads of Valkle whl-ah ¡¡ere grorrn itr separate

rotvs produoêd 10 rows whi oh showsd nc mut whlle all the plants tn the

eleventh row w€re sutted. Thue rchlle the najc rlty of Val kl.e plants are

¡eslstant to srut, Busoeptible plents ito ooour wlthln the vartety.

å. cross betwee¿ a suseeptlble Va1kÍe plant and Monteal-m woulil bê

èxpeat€d to produee susceptible progeny onLy. One such s-usoeptlb]e g¡oup,

oonsfsting of four lg llnes ale s oenalêal from a si:og1e orossed. seed, rras

founil. Às it is híghJ.y inprobabLe f Í/+¡* o, .Oo,5g J that these ttnes re-

suLted from a cîoas wi'bh a reslstant lalkie plant, these Ltnes were eLlai-

n¿teil from the data used. in thls stuily.

The clistribution of F5 l1Èes (Tab1o IY) shows a break befir¡een tha

4O and 50 por aerrt lnfeotlén olasses¡ thLs break dlvídos the progenies

inio two gr.oups, approxirrately ln a 5:1 ratLo. Sr¡oh a r¿tio ls expecte¿

lf reslstance ls oonèitioned by a slngie gene. åoÈual ly there ara lI0 Fg

llues that nay be re sl otant or segregating and 59 susceptibLo ll.nes. À

oorrpali eon of actual and éxpeotod nr¡mbers ln thêse grcups gave a chl

square vaLue of .1096 w.ith a probabfltty of .80-.70. Thl-s indioates

agreament v,-ith a elngle factor \rpoihesis.

Ex¿¡linatio¡r of the rtlstribution of F3 iines in Tabie IV sìrows aa

excess of apparontly resístant Lines. å.s the F2 showed a low percentage

ôf L3¡f€ction a l.arger number of plants than were avalLable in soure of the

F5 Lines wouLd be rêquffod to ill stingui eh segregatf.ng lines f::osr resls-

teåt ones"
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Thoee linos whåch cou.ld be olassLfied. as segregatiag sìroi¡red an

average of 1.1.1. per oent of srutted plants. This nay be a bctte¡ esti-

nate of the anount of snut expeoted ln F2 than the Z per oent obtainsd

as the F2 population was quite a:rall. Although not as pronouneed as Ln

the eross betræen Titan and Montcalm., the tênd.enoy toward a lotr percent-

age of snut in llnes segregatlng fo:' resistance is âvi ¿lent her6. The

same þpotheses that w6re advanced to aooount fcy the low percentagre of

i¡Jectlon in the segregating f.ines of the Titan oross aTo agafn suggest-

ed to âccount for theso res¡rlts.

Iiqrerltance of, F-e s+ +åaco tq_ Ijoosg Slrut. i_p thg_Cross Va.lkie x lilan

?be dist¡ibution of loose stut infectlon of the parontal ¡ows a¡d

Fg progenles of tho oross ValkÍe x Titan ís shov,yl Ll1 Table l¡. Exarain-

atl.on of tÌ:is table shows that most of the susoepiLble plants oec-trrrlng

in the cross å.ïe the proger¡i¡ of a si-ngì.o F1 plant. The proger¡y of ris

plant ccnsiste¿ of nine îg 1!.ne s r¡¡hi ch are dlstriln¡ted ir. a m¿¡¡e r
"r,irhich suggests segregatÍoa for a slngle faotcr. A1 ft s€emg probable

that thís proge:ty rssulted. from.a of,oss with a sasceptible Valkle plant

tb.ese lines we"e e1fiûinated fron the ilata- as shown ln TabLs l.

E:ca¡¿i:ratLon of the data (ta¡te V) fror. the renaining I02 Fg lines

of bath reaiprose.ls cf the arose sholrs that thez'e are no Lines whi oh. 
.

oan be classifled as ousoeptlbLo, 3 that nåy be consldered. segregatiag

and 99 th¿t appea.r to be resistant. Such a dlstrlbutio¿ would. bo ex-

pected 1f the genes conditionlnB :-esl"stance in ee.oh cf Taikie and

Tltan are closely li.riked.
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ÎÅBLE V Ðistríbutiou of, lgose Stut Infeotior¡ blr _r&roentage CL,&qEAs
for the Pa¡ental Rows and Fg Progeoie s of the Croõs
ffiËx lit""

Parent or Cross

tlass na¡k of por cent infeotion ol&sses Total
no. of

O 5 l5 25 35 45 55 65 75 85 95 lines

Tit¿n 18

VaLkie ]0

Valkle x Titan F" 99
( excludlng the"
proger:y of F1
plant no. lJ

ValLle n Tltan Fg õ
( progeqy of .Ft
pì-ant no. 1)

r Ll

raz

lwo other e:çplan-åtion€ couid oonael.vably aocount fo¡ the 1ow per-

centagee of ñrut fcund irr tb.e three Fg lines. Chance infection from

naturaJ.Ly oocurring loose s¡ru¡t and lnpurlty ln the srrut collectlon whlch

was uõed. oouLd have p"oduoed those results. It is unlikely that either

of these possibiLities occurrêd. If loose snut which oould infe ot titan

or Valki€ úB.s present €ith€r ln the groenhouse or âs an lnpurity in the

inoaulua the parental rrgrioties should ha.ve shown a Low peroentage of

smrt infection. But as these possibiiities oannot be elirtrinated, the

gene aonilitloning reslsta.noe to collectlon 45-30 of Loos6 gm¡t ln Titan

and the o!.e in Yalkie rrây be alleles, hlt probably ar€ Located. on close-

ly llnked locl.

S,esoeiation oLCh¿re,cters

The results of tho ohi square tests on F2 data are surnme.ri¿ed ía



-?8-

Table Tr' rndependenoe teets based. on Fe data generalry oonfirmed the

F2 results.

ï{lth one exceptíon, the se¿;regatlon of morphological characters

fit nonohybrid ¡atlos; this agrees with publlshed resuite (1S,f.5). fn
tho cross Valkle x MontaaLn the segregation of non-6-roïred aÍd 6-ro¡¿cd.

splkes did not fit a 3:1 ratl"o d.ue io an excess of 6-ro¡yed segregates.

l{hiLe no seleetlon vas praoticed la taking pLants for lnooulation, the

use of a plant was necessariLy subject to the conditlon tlnt lt produco

sufficlent soed for F5 tests. Thls rroul-d tenit to far¡cur the 6-rowed.

types. Sinoê there was no evid.ence fcr a¡eociation betwoen the genes

eorrditionirg srut roaction anå keyneL ¡uw numbe¡ ( f aUie V-f ) the itiffêï-
ential seleatlon of 6-roweè types wouid not affeot the anatysls of the

genes ccndltloning resistano€ and ôusceptlbility to ¡mut.

"â,ssoclation tests beba.een all but two of tho morphologfcat

charaoters studled gave evfdence of oomptotely independent inheritaaoe.

In the oross Jet 3 Montoalm, the ohí square for ind,ependeace between

glumo ooior and k6ru.êI row nu¡rber gave a probabllíty value just exceect-

iag ttle 5 per cent level. (tetLe lII). Câutlos shouid proba'o1y be userl

ia interproting thls apparently signlfLcant doviation f"om ind.ependcnce

sinoe the oha¡acters fulvolvêd. fitted a g:3:3:L ratio ¡ In a.ny case

eârlier investf.gators (fe,f3J BhotYed. thet the gene s eonditionftg glurre

aolor and kernel ro$r nuÌaber â16 Located o:: dlfferent tinlcage groups.

The kernel rcw ut¡mbe r ând glune avl-n length charaate¡istlcs r¡er6

not eqrected to show independent irJreritance sinoa f. inliage between the

ge!îes oonaltioning glurne au¡ï l€n€th anå kerneL roE'nunber has been
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å Sunmary gf Chi gqu¿ro Togts for lüode of Inherltanee and

Characters and Crogses Assunptíon xz

JetX M,rrrioa.l& (n=f59 )
2-rowed vs. 6-roweit (V,v)
1 ong vs . sho rt gLr.une anms
blaok vs. r,'rhite glwnos (B,bJ
res. & seg. ve. sm¡t sus. ll"nes (Unrurr)
gh¡ne coLor, sraut reaetioa

glume awn l€ngth, snnt reaation

kernel ro'¿¡ nurnber, snrut reaoì;ion

glume awn length, gJ.ume color

ke Ì-ne1 ro!ç rÐmber, glume coLor

kernel row nunber, gl"une aw]1 Length

Talklê f Montcalm (n=149 )
z-rowed vs. 6-rowà¿ (V,v)
long vs. sho rt glurne avms
res. & seg" vs. fu¡tut sus. lines (Unruil)
gl,umè aliril length, smut reactlon

ke rnel row nurnber, smut rsaotion

ke ¡*rel ¡ow aumber, glur¡e a ï I€ngth

(n=r34 ]
bLuè vs. yellorv aieuroae (Sf,¡f)
aleurone color, smut rsaction

aleurone coJ.or, glume avrn length

aleurone coLor, ker¡el row numbel

Titan¡ Montoalm (n=14e J
res. & seg. vs. smut sus. lLnes (Un,t¿¡¡

3zI 4.136b :05-. Oz
3 rt t:6õ09 .3o-.2,oõ:t .1096 .80-.zo
9t3:3tl 9.6618 <.Ol
Indopond,enoe ?.0BBO <.019:3:5;1 6.6689 .10-. Os
Independence 1.5598 .3 O-.20
9:3:3 ¡1. 7.9620 .05-.Oz
Independence 1.1791 .ãO-.ZO

stL . ô95o
õ:1 2.61155:t ;z9oz
3 ¡l . ?9oz
9t3¿3zl l.165l.
Ilralepenalenoê .6109
9¡3¡5¡1 6.?789
Independenoe 3.tB 6g
9z3z3z! 1.855 7
fnd.ependênce .IAT7
9;3 ¡3 ¡1 3.]327
Ind.epeÍ.d.enoe .L537
9¡5:3:1 5.9720
Ind€pendencê 6.0214
9:3:õ:t 5 .926e
Inôepondenoe .7ILz

.20-.to

.70-.50

.70-.50

.8 0-.70

.90-:80

.10-.05

.10-. 05

.70-.50

.50-,5 0

.50-.30

.70-;50

.20-.10

. 05-.02

.30-.¿0

.50-.30

3:1 : ot oo
9:3 ¡3:1 1.9 602
Independenae L.ã474
9¿3t3zl 2.2T96
lndependenos 

" 
0.501

9:3 ¡5:] 2.3093
lndêpendenoe .4734

.95- "90.to-.50

.30-.20

.50- "50

.9C-.80
"50-.50
.50*.50

5;l- .1441 . Bo-. zo
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reporbed. Swenson and Ï[e]-l s ( 20) stuaiea a-¡.mie ss versus ar¡-ned outer

glunes and found the genes for aR.liedne s s and kernel row number Linked.

fflth tb€ reoombínatíon value, 30.0d1.1. Robe rtsors et at (tl) stuilied

fully a-,'r':red outer gJ.ume s (awns coarse and long sinllar to the awns ord.l-

narlly found on the lenna] versus short outer gl-rx,ie s. Short avl"aed glurnes

a¡rpeared to be tloml¡¿nt over the Long oï.es sinoe the genotype of the lcng

awnecl variet¡r was deol6:rated ee whil-e that of the short on€ rini s ï'rítten

m. IÍmer and Hend.erson (5) stuilieé glune charaoterlstic and. obtalneal

slmllar re suits "

The gt ume oharaateristics d.oscrLbed br these lavestigators dlffer

from the glunÊ a$n- eharaateristios of the tai-leties used. Ln thts study.

In eaoh of Jet and Yalkie -bhe ratio of glume a1¡ri ler.gth to gLr.rme length

is approxi:rntely J-:l whíle in MoateaL¡n the ratåo ts slightly more than 2:1.

Furthermore the F, plants sh.o-t¡red thè 3.ong type of glu:ne awn suggesting

that the long type ls daminant.

The glurne Length charaoteristics involved. ln i;he oross studied by

neatty (9) appear to be quite slmíIar to the ones used. fn this stuaty.

His intorpretatio¡r indicateé that glube length tlras oontlltlcnod by two

faotors one of l.ñrhích r'¡as l-lnked with the factor. for raked seed.. Eoweve r

e¡arnlaatíon of his data ðhorred that ft could, be oxplalned almost as well

þ a single factor hypothesis invoiving linkage r¡¡ith the facto¡ for

naked sêed.

The chl squåïé eå.lues shown in Table lll lndlcate oomp3.ete índe-

pendenoe betr¡,¡een tho gencs eontlitlonlng É¡¡nut reaction and those for eaoh

of the three char.acters; kernel. row srumbe r, lernma color and alenrcre
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colcr. In tlie cross ïa1kio x Montcaka, a probabllifiy value less than

.O1 suggests assocLatlon betÀ¡een glume al,'r-n length and. snr-rt reectLon.

Linkage tntensity was calculated. by lrrnerts methaa (4,5) frcra F2 and

Fg data and the reoom¡lnation vaiues obtaíned are respectlvel"y,

32.ítT .0 and 36.Otl.4.
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SU"nrÅ.RY 4l\lD_ IqNCTUST 0N S

The lnheritance of reaction to colleoti orr 45-SO of loose smut -!re.s

studiêd in hybrid. populatlons derived. fron the three orosses betûÍeen oaeh

ôf the re sl-stant varletles Jet, Tttan and vaLkie and. the suseeptibre !ar-
lety lio*tcaLm. .å, cross bet'¡reen two of the reslstant varÍetíes valkle and

Tltan was a1so lnciud€d Ín the study.

The svidence whloh nas obtalnsd ind.loated that the Loose snut re_

eístazroe of Jet was condLtion€al þ a singLe donl ant gene, In crossos

witir Montcal¡r, the reslstanca of each of rltan and. valkre also appeared.

to be ilue to a síngLe donlnant geno. The snalt a¡rount of transgressi,re

segregation obtalnec ln the progeny of the cross of the two resistant !sr-
ietles, Va.Lkj-e ând Titan, suggested tha.t the genes for smut reslstar:.ce Ln

these two varieties are closely linked.

The segregation of fou¡ morphologicat charactors was etudied in the

P2 and F3 generatíons of ihe þbrid populations. Eaoh of the characters,

keineL rov¡ number, lemna color, aLeurone color ånd. glume ai,m leagth appear-

ed to be condl.tloned by a slngle gene. "å,ssoclatlon tests dicl not indlcate

ilnlæ"go betrween the genes conriltloning aqy of theso.oharectere.

A,ssooiatLon tests fndlcated. conplete ind.epend.onoe betr,"een the genos

oonéitioning sut reaction and those for each of the charaeters; kerr.el

row numb€r, Ien¡na color and aleuroue oolor. Indepond.ence tests suggested

linke"ge bett¡/een gh:lie aul ler€tt¡ ånd reaotlo¡.tc snut fn the Valkie x

$ïontcalm aross. a reoombi¡¡.tion value of.56.0t1.4 v¡as obtalned v¡he¿ llnk-

age J.ntenslty l'¡as cal"culated frotr l'g d.a.ta.
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