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INSRCDI]CTION

stem flrst of lvheat, Pue! lefè ÃraaLris tTitlgl Þiks. and

flena.rhas been @ najor rust problem throughout the dêat groû1¡g

areas of the norlà. ¡'or nany years, seemingly cycllca]. epldemfcs

threatened to wipe out the ontire whêet crop or¡ the Great ?lai¿s.

lbe gr€atest of these €plðênics, as reporteal by Clark (8), occu¡real

in 1904, 1916, atrd 1955. In the 1955 epidernic, losseE froû. sien rrrst

tn North Dakota alone, were estirnated at $}OOTOOOTOOO. lhese epldenics

resu].ted ltl a denand for rust 
"eslsta.nt 

va¡ietl€s of comoD. aJd tturül

nheats.

Staknan anù 31eüfose1 (26), 191?, reportod the eÍistenee of

physlologle speclallzatlon wlthia the rust fuagr.s, but the neans b¡r

which the d ifferent saces arose was rlot clearly ü.lderstood uatll Cralgie

(10), 1927, discovêred their mode of hybridfzatlon o!. the barbe¡r¡r.

ghis l¡formatio! ffi.s of groat value la tbe breediDg of rust ¡oslstant

variêties.

Thfortu¡atoJ-y, vùen variêties reslstant to prevalê!'t races

lrere produeed, those races which had previously conp€ted ultsuccessfully

wlth other ¡acos or thoso ¡vhich were newly hybridized, becane pretlomlnant.

Ëu.eh a 
"ace 

1s 158 Ìrhich, at the present tlme, is capablê of attacklag

all cotrmerclally grown varieties of thè Great ?Iains.

l[an]¡ sou¡ees of resistanee have been investlgated with priuary

inportanee plac eð on thêl¡ lacorloratLon lnto corim€rcial wh€at varletl€s.

Eayes et a1. (1s), iû 191-4, c¡ossed. l arquls x ÏuniJ-Io, the latter a

resistant durum variety, and selectetl tho rust resistant comon wheat

variety trfarquillo. tlhis rbllety üas fourd to be u¡suitable for nilllng,
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but a sister selection Ìlas used ln the tlouble cross (trÞrquis x Iunillo ) x

(trfarquts ¡ Kqn¡ed), from which the hleb-qualLty rust-reslstant variety

Tbåtcher wErs selected..

I¡ 1916, Mefadttea (1?) succeeded in transfe¡ring the resistaace

of Yaroslav e¡Eþr to l{arquls and sel-ected. the two rust resistaat varietles

Eope ard E-44. These wer€ selected for thelr near imunity to stem rust

in the fleld. (þu].den et al. (Lf ), 19?8, foura that E-,44 caæl€d Èwo

types of rêslstanco, nanely naturo plant resistauce "to ns!¡¡ ¡acôs alil

Iùfsiologlc rêslstancê to some.

A¡oth.er €rc ellent sourc e of resistar.ce was fou¡d it!' a grouÞ of

hlghly reslstaD.t corr¡rn rsheats d.evelopeit by Burbo¡ 1n Kêlsra Colo¡y. Tho

orfgltr of the reslstanee ln tbesê varletles Ls unknoxrn, but Macindoe {lb),
on the ba6ls of the graln characters, consid.ers that it nay be of aluruß

or4igin.

?ridhan, as xeported.. by .Ausmos (Z), traasferreô tho resistance

of ?¡ltLeum iinopheevl to the conúo[ wheat Stelnwedel, aad selocted the

variety Timstefn whi.ch t¡"ås resistant to races of stêm fi¡st prevaleEt irl
Australia.

A trumber ôf the factors for reslstattce, as üay be see¡., we¡e of

alu¡um oxLgLn. the pxes€nt lnvestigatio¡ v¡as ilesigned. to detexnine the

Doate of i!"heritance of teactlo!. to sten rust of four of the durum

va"letieb in the fiel-d. Itr ailtition, atr atten?t ¡ras aaile to *Iflaitr a

chlorollhyll dêficj.êncy which was obse¡rêd. f¡. the erosses llvoLylng 1untUo.

Flaally, e€za, brlght gr6êa, ühen e¡ose€al wlth IlnrlLlor blue greea, showecl

a alefinite segregation in eoLoüx. A record î¡a6 uade of this sêgregatioD.
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rEwEq-gI'-lImRAfuRg

ôtem lust of wl¡eat ' beeause of its üåior importa!'ce r has i¡tor-

ested pla¡t broed.êrs and plaDt pathologfsts from a Yery earJ-y ôate.

BlffeD (5) noteat that îhonås K.nlght, 1n 1815r suggestêd that flrst-reslstant

vrheat varietlôs nigbt be protlucêd. fl6 also reported that tr'areêr ' in 1899,

took atetail€è llotes of rust ¡eaetlon oE a nunber of rrbeat Tariettes ln

Australla and came to tho eonclusioE tbat euscoptibiLity to stem l11st was

her€itltary. In 1905' B1ffen (5) lnYostigat€il tbê l¡heritauce of the

roslstance to @Lgig e1unalun (schm. ) Eriks. and Eentl. 1¡t a cros6

betw€ea the susceptlble variety ReiI King aûd the reslstant variety Burt.

It $as fou¡it that the ¡l was susceltible and tbat th€ trz segregated 5

susceptlble to 1 rêsista¡rt. In a fater lapor r the same author (6) re-

ported that relatively luû¡ne hybrid f olms of r,theat bred trl¡e aud that

1@rtrity appeared to be 1nÌtepe¡dent of aqy disce¡Eible norphological

character. Ee inpllod that èefinite char€etets for reslsta¡ce to stem

rust sore inhoritêd laalepênttently of othêr factors.

This early work ltxilicateat to plant b¡eeders that rust leEistaat

varieties couttl be tr)Îodueed thlough hybrlôizatlon betÌseon susceptibfe but

othorpise ðeslrablê l¡arletles and others whlch cârrieil the requlred

reslstance .

Ause¡¡us (2) has publlsheô an êxteasive revie¡r of ge!€tic studies

d.eal-i[e lrith aluruns ' E-44.z4t Hoper Kotar Sbaned, the Kenya varièties anfi

Tinstein sortrces of rêslstaûce. TnYestigatiotrs reported, $hlch did not

include tluruß as a source of reslstancer are not reviewed herer as they

are not dl¡ectly applicabl.o to the present stutty.

Carleton (?), 1904, repoltetl that early pLant breed.ers recognizetl

that sooe of the du¡u¡ns, eüne!$ and speJ-ts earrLeô coBslèerable resistqaca
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to sten rust- 0f the d urì,* va¡feties, runlllo appeared. to be practicar.ly

1@u¡1€. genee r thi-s variety was rrldêr.y enpr-wed ful oarly broed.ing work.

Tlhe foLloûing exteÞslve studies of thê runtllo resrsta!.ee p"esênt atl

lnd.lcation of its node of inheritanee.

I¡ 1919, l¡aLdron and CLark (as reported by Ausentrs (A) ) foutrð

that Iuüi]lo, ûhe¡. crossed. wltb eomûo¡. wheat ?arietles, Broiluc e,al a

€useeptibLe Fl, whil-€ the tr¿ seg"egateal i¡ a comtrùleated. nalt¡er. In
na!¡Jr eases, tlo!.e of the plaD.ts were as resistant as th6 Iünillo parent.

Petereon antl Xove (22l- , !94A. reporteil that they, al-eo, hail beên unabLe

to recover the fu11 iæruntty of Iüni]lo irx a ya"Íety of 4å_chronoeone

vheat.

EayeÉ et at. (15), 19¿0, clossed a !.u¡bêr of ¡eslstaùt varieties,
inclaall¡g Tun111o, rith a number of co@þn whêat varieties. Tihere rumillo
was i[vo]-voal, the T1 Ìyas fou¡d to be fuJ.1y as Êusceptible as the comon

vrheai parent. rn the Fg there appeared to be a close lt¡kage between the
(lurum characte¡lstlcs and rust reslstaace, as it was rel_atlveLy easy to
eeleet reËLstant nduru¡r-rr.kerf rlnea, but vøas difficult to flnd reslstant
ItvuJ-gare-llken Ir¡.ês. The slg'lflcant fact, hor¡gver, ms that sone cross-
lng over did. occur, ¡esqì tlng ia occaslonar counon wheat llnes rrhich

possesseô the duïnn reslstance. The resistance of this varlety has boen

the object of several genetic studies. The variety Marqulr-r.o was selêeted.

f¡om one of these crosses, lfarquls x Iunillo.
Auser¡nrs (f), lgg¿, xeported the results from crosses of Eope x

IIa¡qalLlo and I{arquilLo x Supre&e. In the flrst e¡oss, Ilope x lÞrquillo¡
ft was noted that nâture pLatrt reactio! appeared. to depend on three o¡
nore factoÌs. Tbe r¡ature pLant seni-resistance of ]úarqu1llo, ïras

apparentry depentient on factors which. were not al-LeLomorpl¡ic to the Hope
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type factor for matur6 pLant reslstance. In the cross, ]'{arquillo x

Suprene, at leasi three genetlc factors were indicated by ùhe ste¡n rust

reaetion. Ausemrs observed that the Eope x l{arquiflo cross exhibited

abnoIrllal chroÍtosone behaviour in T5. Thls abnonnality was believetl to

have origlnated in lwrlll-o. Ëf¡ritar resufts were Õbtaitred by nryers an'l

?owsrs (18) iü Ivbrquillo 
' 
and by ?eterson and. trove (e¿) in IunliLi-o. lIhe

l-atter authors fou¡d chromosome lutrbe"s T"arTing fro¡¡ 58 to 45 ifr

trvulggre-liker ll!ês.

Cl-al.k and Auseuus (9), f938, i¡. the cross ÏúarquilJ"o x Red Bobst

fouoð that susceptibillty to sten xust was tlomlnant.

Neatby and Goulde¡ (19)' ln a cross of ltarqulllo x fr-4rl.,?A,

foüld that two or norê factors wêre coltributeil by }trarqullJ-o. In the

threê-way cros6, IlarqulJ.lo x (lûarquis ¡ Ìr¡n¡ed), three or ¡nore factors

were intlleated. In aaldition, lÚarquiLlo, in crosses with Reward oI GaÏnot,

appeared. to caflT¡ a number of faeto"s governing 
"eÊistance.

ffadaél1 (2?), !94ot 1n the cross ftnillo x Mltld.uü, reported the

presenee of t$o types of resistance ln Ir¡ni1lo. one of these gaì¡e

reslstance from the seedliag stage to maturity. The seeond type gave

resistaace on].y itr the üÊture plant stage.

A sLster seloctiôtr of ¡'{arquillo was used by Hayes et al. (14},

19¿5, in the ðoubte cross (L{arquis x lumillo ) x (trfarquis x Kanretl).

l(a!reå, a wlnter wheat' was kno$a to have ¡rh¡rsiologic reslstarce to

several zlacês. The Marquis x l(anrêd Porlion of the eross showed that

resistaace was goverr.ed by a si¡8le factor. In the lúarquis x Ïu[il].o

?ortlotr, reslstance appeared to be govèIned by two factors ¡thich vüere

completely indepenttent of the faetor in the $arquis x tralred portion.

thatchor wag seleetotl from thls cross.
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Ausemus and Koo (4), l-951-, published a comprehensJ-ve stuôy of

c¡osses involvlng fhatcher, Nowlhateh and Tinsteia. In the cross

Thatchór x Tlmsteia, resistance was erplallteô on the basls of twÕ

complene¡.tary fectors and., as Tlrnstein was suscoptible 1¡ the flel-ai, Ít
'wa6 assumed that Thatcher eontributed these reslstant faetors. In gree¡-

house tests where I'g l-laes were tested to physiologic ¡aces, the reactlon

to a[y single Tace ¡¡as shonn to be co¡dittoÈed. by ono factor pa1r, wlth

¡eeistance tloninant. [lÞteher itself lsas founat to carq¡ hlgh rsslstanee

to a group of races, 1?, L9, i¿gr 69,80 ar¡d. 159. flr1s hleb resista¡.ce

üas êpistatic and notr-allelie to the reslstance of Timstein. Ia adalitLon,

ThatcheÌ had a somewhat losrer reslstance to a second group of races, L6,

24, 24A. ic}, 59,594, 90 and 1L6, but was susco1ltlble to a third group of

races, 11, r.4, 56, 58, 56 and. L55, as welL as 158.

The papess rêviewe(l, particr,l arJ-y those of l[add.e].l (??), 1940,

and nayes et aL. (L4), L9?5, tnðlcate that lr¡¡nill-o carrles at least two

factors for resistance.

SeveraL stuallos have bee¡ üa(ì.6 oa other dull]m valieti-es. Not-

abLe alnoag these are the stuöles conalucted on Mintiun.

In 1921, ?uttlek (aø) crossed Mindum x lfarquls. Ílh6 progeqy

were testêd to racês L and. 19 1n the greenhouse. lLllnttttn was susceptlbJ-e

to race 19 and resistant to ¡ace 1, whereas lúarquis shoÌired the oppositè

reaction. Thê FZ proge¡y segregated. to glve alL grad.ations between

fumunity and conpLets susceptibil-ity. .A,n interesting nethod was enployed.,

which consistea of tèsting to one of the races, removing the infected

learos, antl ¡e-inocul-ating the same plants with the secontl race.

EarIington (l-2), 1925, tested a cross of Uindum x Pentad to

race 1. The resulting data iuaticated the presence of ttïo factors.
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.4" indun factor ap?eareè d.oninatrt for imu¡ity, and a pentad factor

d oúinant for sllgbt ¡esistaace. 'lTfth race 54, to rùhich Mlndum is suscept-

fble and ?entad rêslstant, more tha!. one faetor for roslstance was

1trd.lcated". Reactlon to race ?1 was sitBllar to thê reaetion to raee 34,

a¡d was bel-Íev6d to be contlol"J_ed. by the same factorr " A negative cor,-

rel-ation was obtalned between gl'eenhouse reactlon to race I anat the

reaction to a rÉxture of races i! the fielè, but no correlatfon coultl be

èsr onstrated bet$r€etr the reaetion of races ø4 arß, ZL i-! the greenhouse

and field regfstance.

tr4faaidell- (2?), !94O, in the cross Ïl¡niIIo x ¡[inôün, fourd that
field reaction nas eorrel"ated. with green-house reaction to raee pl. As

a resuLt, the iÐ¡erltance of reactlo¡. was eonsidered. to be reLatlvely

sfutp1e. IIoïùever, a slhgle factor for resistance $as !.ot i¡dlcated by ths

data.

¡fiaelndoe (16), I94e, fn crosses betrreen the resistant
(Gaza x Soblng) Ìvlth thê türo susceptlble varietioõ Eureka aad pusa ffi,
found that a singl e naJor factor Rg governed. resiatance in the field, as

weLl. as seedLing reslstance to race 54 in the €reenhouse. In
(Gaza x Bobinz), a seconal facto! for 4od.orat€ resistance to ¡ace 19 $as

naned R4. As Bobin is a suscoptlbLe coúmo]l wheat TaÌfêty, thê resistaEce

observed. in thls ctoss nust have beeo eontributed by the gaza pareat.

The author Ìvas unable to fin(f Literatuïe in which CarLeton nae

usecl in an ln-heritance stûdy. fn geEeral_, howêver, it has been noted 1n

field teeting that carteton cârrr.ês a higher resrstance thaE f{l¿alum. tt
ïtas assumed that thls incaeased. rêsiõtatrce was diïeetry attIlbutable to
its Vernal ernner parent.

In sumntion, the reslstatrce of Iunillo woulè appear to be
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co¡ttltlooeð by at least two faetorsr ooe bei¡g of naJor lmportancer a!.d

a seconô of nlnor importauce. nÁiE¿um Aoes not calYJ¡ higb rssistanee to

sten rust, but is h1o!'É to be resistant to a nt]mbèr of races. Gaza is

bel-i€reå to cam¡ one ùajoÎ and. otre ninor factor fot ¡esista!.ce to

Austr"alian races. fnsofar as coul.d be dete!.'ü1ned, the factors for

resistaûce which are presêIlt ltr Carletoû have ¡.ot bêea studied r but

Carleton has been found to bê note reslstant than üi¡ilum la the fie1d.

This greatêr roslsta¡xce ls assumed to have been co!.tributeè by Ver¡tal

enme!.
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MATERIAI,S ÆTÐ IEÍEOÐS

Varietles

The varletles Ca"leto!', Mindum, Gaza a¡d k¡nilLo were ehose¡

for this inv€stlgatlotr. Theso parti.cular rarleties vrere seleeted.

because in fielfl tests, the two co@ereial varieties, Carleton aaè

Mlntlum, weré only noderately resistant to sten rust, whiLe the two

e omaere 1ally utsultabLè varietles, Gaza aad lun1lJ.o, n¡êre n6ar1y

Í@une a¡d consequeatly rep¡eeeÞtetl an avallable souree of xesistance.

Ehese 4 l¡arieties are llÉted bêLow:

Mfnd un R.L. 1544* C.A.N. 1418**

Carleton R.I. 1665 g.A.Iit.5588

Iüni.Llo R.T,. 7 C.A.N. 1556

Gqza R.ï,. 1664 C.À.$t. 55¿9

.åccordlng to C]-ark (8), Mindun ras selected at 1{5.nnesota b¡r

C. P. BuLl, E" K. Eayes and J. E. ?arker from a!. a.ìr'¿i xtu¡e of tlurum

wheat l¡ a spring erheat sampLe, aad. was atistrtbuted 1n 191?. It is a¡x

ambêr duxum of hl€b nacaroni qua11ty, but is notierately susceptible to

stem nrst.

Carleton yras develo}ed by Smlth (24) at the North Dalota

A€ricultural Erlerinetlt Station from a Vex!.al ê¡mer x ]ú1ad u:n cross nade

iü 1950. Rust resLstant lines vrere selecteil and baekcrosseil to Mlndr¡n.

A.fter further selectloÌr, a sêeonil backeross Ì¡as ¡!ad.e f¡om which CarLetou

wae derlved.. Tn the alurum whoat area of the $olth Cent¡af Gleat pLaias,

*leboratory of Cereal. Breeillng Aecession Nurber.

**Oanad.lan Accession Numbêr.
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Carletott has consiste¡tly proven itsolf to bo mo¡e resistant to stem Íust

than is Mindlrnu It 1g an aeber alulr¡m rtrlth higb llÌacaroni qua].lty.

Iun1llo, aecotding to ?eterso!. atrd love (¿2), was

lntroðuce(l into North A¡rerica from ltaly ln L901. It haõ been reporfeê,

as preylously outlineô, to be hlgbly reÊlstant to stem n¡str but lt ¡ras

earty 3êcogniseal that the yarlety coûpxlseù a !.unûbe! of etxalns with

va¡T1ag degreeg. of resistanee. HoÌyêverr Newtoa et aI. (20) tested o¡.e

straj.n of IüniLlo to 22 physiotoglc races of &cclnia gmnl¡ls trltici

and fourd lt i¡mune to aLl of them 1n the seetlling stage. nlis was the

strain rù1ch was useal ln this study. several workers haYe fourd,

lneaplleably, that the l-úunity of Iuüillo is unstable. lhe progery

alfiays co!.taln a few susceptible plallts. Iunlllo 1e a red alurutr ïariety

lvhlch 1s not sultabl.e for the llacaroni traèe.

Cor:rêspoÞdenee wlth Dr. g. tr. Macinaloe reveaLo(l that Caza $as

introtlueed l¡to Alrstralla iû L91? fron southern Palêst1t1e by trfr. Ïri1Iians,

lat'e ã?lerlüetrtalist of the Bathu¡st hperinent lbl:rß. In L924, Prialha¡ß

sent a sample of Gaza to Professor T¡latorhouse; who subsequeÀtly used. lt in

the b¡eedil,!€ of Gabo. Gaza ls a whlte alufii¡c whlch 1s unsultable for the

protluction of nacarotri.

FrsæLs4¿

Ðiallel erosses of these 4 va¡leties were r¡ade in l-947, at the

IaboråtorT of cereal BrseattÈg, by Ð. TI. 1'¡aset'F. tsbe tr'1 populatlon was

grolylr in the foltoûiþg srû¡ine!, but tho S IuniLlo c?osses r,vere accüIentally

*Pield suporvisor, Itrited Graln Growers Ltd., Daudrlnr tritraüftoba.
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èestroyed. n3e author took ovêr this thesis project in 1949, and nad.e

new crosses using the same pare!.taL rnaterial. .At the same tinè, the Fz

popu].atloû of tho 5 crosses, C€.za x l¿L¡.dr¡¡T, Gaza x Carleton âñè Cad-eto!.

x Mincium, we?e grown la the fleld. Ðuring the following Ì.rlnter, thê Ð
of ths threê fu!ûi-l-]o crossês rùas groïû.

In 1950, ¡.2 fanilies of â11 crosses, as weJ.L as FE l1nes of

those which dld trot iavol-ve Iu¡iLLo, were space-seêaleù in a rust nurserSr.

Êevên sets of the 4 parents were placed throughout the block for coÞ

parison. fhe nuxsexy was subjected. to a¿ artlflelal ep1ðenLe of stem

rust. .411 Fg famiJ-ies anö Fg llnes were pul-l-ed and. later classified for

stem rust percentages in the labol:atolîr.

In ]95L, tr'" L1nes of thê õ lunllLo crosses ûere selected at

rand om fron the I'z populatioa of the p¡ecedlng year. These LL¡.es $ere

space-seeded û:ith 5 sets of lareûts in a nursor¡r slnita} to that used in

1950. Stm ruÉt rêadings were agaj.n taken ilt the laboratolïr.

IEoeul-ati.oa

IaocuLation rows of a nlxture of l,lttIe Club, eiarnet a¡al Reil

Sobs were sown 1a botù. years betr¡ûeen êaeh of thê serles ia the nurserl¡.

lteso vårieties are susceptlble to nost races of st€m rust.

Rust spores rere nlxeil with talc in a ratio of approrlüâtêly

I part opores to 50 parts taLe. llhe races usetl in the eplcleulc lncLuded

l5B anal races 56, 1?, 58, 69 anti 19, which wele eomo!. to thls area. Å11

races wer.e appLted in approxlraately equal proportions with the excoptlot

of I5B, ¡rhleh ûaale uÞ å of the iBocul.um. The spore-taLc ûlxture $as

applied to the 1ûocu].ation îows with a gard6! duster 1û the Late evetll.ng,

whètr ùew was beginnltrg to appear.
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?lant Êr€.nrlngtb:þrl

Á¡ arbitraxy scaLê for stem n¡st classifLcatlon on a per cent

basis nås devlseð, as shown la Appetrè$r A, L!. such a &aünêr a6 to

approxlnlate, as nearly as pôsslble, the seale outli¡ed. ia the ehart by

?eterson et, aI. (21). Íhe porcontage of rnst on itrdj.v1èual Iùatlts of

each Tg ].Lne was recoraleil. lrorn these lerce!.tages the avelagê raaction

of eaeh li¡e vas dote!ûlne(l, and. Ê fre$rsacy dtstributlou. of these values

was ostablisheil.

St€m Ìust eramftlatlo¡ in the t'A was foüìô to b6 ursatlsfactorv,

beeause of the allffieuLty ttr establ.lshlag def1llte classes. flxus, th€ 32

plaatõ ïerê classlfled o!. the basis of thelr breetii¡g behal¡iol¡.3 la the B.

A Eturly of iolour

As was mêationed. earlier, the tr'? and Fg of erossês Ínvolving

ïu¡ûfl1o showoal a arãltber of dlaots ¡uhlch appeareal to be tloficient i!'
ch].orophyll. A stuäy nas uD.tlertåken to tlotetetriae whether this was causedt

by a clromosone abnoldaI1ty f¡ Ir¡¡¡il1o. Melotic sampleõ were taken fron

I'l dlaûts ln the ereenhouse in l-950. [hese were studi€d eytological].y by

neaas of the acetoca¡:,ûinê snêar tecbÍlc, as outl"lned by truther Sr¡ith (25).

No aþaor:llå].itiee 'we¡e observeð. Adilitional samples taken from 35 plants

'vrhlch wo¡e chlorophylL doficient ltr the f16ll, failed to e¡hi.blt abno¡nal

behaylour at m6losls. Consequentì.y, cou!.ts wêre aað.ê of the I'b lines

uhich were no:m41, segregatlng a¡rd chlorop\ylL defl-clent. 51&uLta!êously,

eou¡.ts wBr€ ûad.e for the segregati.on of e,aza eoLour antl Il¡ntLlo colour.

C¡aza 1s bright gree[, rhereas Irnills is bluish groen. These cha¡acters

sêgEegatefl lnto allstinct cLasses.
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Genê Nomene Laturê

RuEt resLstatrt geneÊ vrere named. aeco¡ding to thô systên pro-

poseti by Ausem.s êt 41. (5). This systen suggêsts the u6e of ñgrn for

stem rust reslÉtance, foLloïùodl b3r a subseript. It is prefelable that

thls subscript ehouLd. be the fi¡st Lettêr of the na¡ne of the val4lety ia

which tåe gene ls loeateè.
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rEsETS 4r@ lIgfirÉgroN

Êust Str¡dy_

31.$rres I to 6 show tbo d istrfbutio!. for the average stem rust

roactio¡ of Tg 1lnes in the fieLl. In add.itio!., the average reactlorls of

the pareltal plots are j¡cLud.eat ltr the lowêr part of each figurê. Ðata

ûere availabLe for parontal reactions ln both 1950 adt L951. Iable !
prosents the ranges of Barontal reaetions duri!.g thesê two years.

fâbIe I
?ÁfiENTAL RUST REACÍTONS TN gM, CENT T'OR ].950 ÀIdD ]-95I

Yarieties

RaD€e of ReactloE ltr

per ce!.t stêm rust

1950 195L

Gaza

IuniLl-o

Carleton

Miûôr¡¡û

0-1

o-1
õ-17

16-4L

0-1
a-z

2!-ZA

40-58

å¡ exa¡¡ination of this table reveals a notably higher infeetlon

duritrg the secord. year, paï+icul-ar1y in the 2 most suseoptibJ-e trnrents.

Also, lt may be notetl that the range of reaction of ¡,{ind uÍt and. Carleton

j-s lel-atj.ve1y trÍde as compared to the reaction of C.sza and ÏulrLlLo, which

remain€d at a level of neax 1mnü¡ity. Iur¡itlo, however, und.er the higheT

infection of L951, showea 1 Iùot (figure 4) which was sLlghtty nore

susceltibl-g than the othor 4 plots. CarJ-eton, in both yea¡s, rj¡Ers mor6
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resistart than minduÎÍ. The higtrer resistance of Carleton ]Elst have been

derived. from YeraaL elaßer, as lülnd.ull li'as its other lnrent.

In spite of the fact that a large lxoportj.on of 158 lnoculum

üas used., o¡l-y traces of 1t vrere obserÍed ln th€ field. Thls ¡ace seems

to eompote poorly w'ith other races. AÉ a rssul-t, Ít night be advisable,

Ln produellg an epitlemic, to use, in the i¡oeuLation rows, sone larioty

such as tree, ì¡vhfch Is resistant to corûnotr Taces and susceptlble to L5B.

ft has been loted 1¡ thê Literature Rovlew that there were

"lndications of two factors 1n ImiLlo, anð a naJor a¡x{:l niDor factor in

Gaza. fhe t¡hgritance of ste.n rust xesiõtanee in Carleton was ü¡lmÕwa,

but evldontLy 1t earried a higher resistance than MLüdte.

Flgures l to 5 graphlcalJ.y illustrate the fi¡st reactions of the

crosses growû ln 1950. The lines sho¡m fn thê cross G€.za x CarLêton

(ttgu¡e 1) exhlbit a greater têndetrcy toward hieh reslstarlce tha¡ tbose

in the ero6s Gaza x Mindra (ffgure 2) ; also, there are groups of 4 alld g

linee, respeetlvely, 1n tho two cases whieh are 1n a susceptlbLe class by

themselves. Eowever, lu flgure 1 thes€ 4 Llnes comprise approxinateJ_y

!øa ot the total ¡.r:mber , while ln flgure 2, the 5 Liaes eomprLsê about

Vf¡ of the total-. Thlg woulti suggest the presenee of a three-faetor

tlifforenee betvreo!. (þza and. Carlêton, anil a t¡yo-factor alifforetree botween

C¡aza and Mlndüm. The most susceptible J.ines, in flgule t, are rtrore

susceptible than the Cad-êton trErent, whlLe 1a flgl¡-T6 2, thêrê rras no

transgressive segregation. Itr thê Callêtorl x Mindum cross (flgure 5),

there are 2 lires ohich exhibit a greater degree of susceptibLlfty tha¡l

tbe Mllttun trnretrt. As these 2 11tre6 comprise about VIS of the total

tlunber, thêre ls Eoms indieation of a ttro-factor d.iffêrenee bgtwoêrl

Carleton a¡d trÄndur¡. fux.ther, the fact that these 2 ll¡1es a.¡o more
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su6ce?tlbLe than Mindum, su€gests that lÃitralum carries one of these

factors for resistatrce. ThLs factor €ãhibtts a lesser degree of

reslstaå,ce than the Carl-eton factor.

Fi€ures 4 to 6 iLLustrate the ¡r¡st r€aetlons of the crosseE

grorr¿ 1¿ 1951. In tbe carleton x Ium1llo cross (figure 4), 2 lines

are shofl,r nhlch are dlstioctly more srlsceptlble thaa aDy of the reualll-

lEg tlnes. these 2 linos conprlÉ€ e:(actly l/ O+ ot the total number,

1trðicattrg a d ifferenee of three factors betneeD. Carleton a¡d. luntlLo.

Tlxe nost susceptfbJ.e I1nês have a lowe¡ reslsta!.ce thatr the car:Lston

paren-t, drich wggests that they ale of a ge¡ot¡ry,e uhlch goveÌís a

lower d.egree of resistaBce than d.oes the carleton genotlrpe. In the

trfilnitum x Ir¡ml1lo cross (fteEre 5), therê appear to be 5 b¡êaks ln the

frequency distributlo¡ at the L2, La aad.?,6/o leveLe of lnfectlotr. nrese

bieaks.tlitid.e the Ll4os i[to 4 gloups in a ratlo of about I z 5 t 5 z I,

lnatlcatitrg a ty,,6-factor iliffe"erce bêtween l{indun arÌd IunlLlo. Itrore ls

no traasgreeslve sêgregatlon, which suggests that the least resfstant

seg?egates fron thls cros6 are of tho trü¡dun geBotype. tr'l,Ia]-ly, 1[ th€

Gazê x Iurü1llo eross (fieüe 6), th€ tllstrlbutfotr lntlicatos a two-fector

ilifferêncê. Íhe tra¡agresslr¡e segrêgatlon obsorved, suggests the

preÉenco of seg!êgatl!€ genotJ4)es, which arê rêspoasibl-e f,oÎ greater

suscoptlbllity than either parent.

ï'ron a consltleratlon of these obserqatio¡s, the folLowlng

hypothesis uas foneul-ated wlth respect to parental. genotypes:

Caza - SrG srG srI srÏ 5rçr Érçr Sry Sfu

Iurillo - srç srç s¡I srI 516 t srçt s¡u srM

Carleton - srç sr6 srI srI srg SrC srg srï

Mfurdul - srç srç Êr1 sr1 slg sr' filÁ SrM
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It 1e proposed that tbê najor factor of G€;za, Écçr is respó4s-

ible for sLightly greater leslstaEce tbatr tho úajor faetor 5rI foura in

Ir¡¡rilLo. Srï, a ld1ndl¡m factor, also thought to be present 1¡ Gaza anÕ

Iì!ß:i1Lo, is beLieveil to inpart a nlDor degree of rèsistaEce. firt 1s

co!.slalered to bê a facto" respónslble for the uoderato reslsta¡ce of

Car:Leton. A factor Sc6r, aì lelic to src, appears to be pr€setrt ln Gaza

anal IürqilÌo, aod apparentLy l.eparts alnost the 6a][o dêgree of roslsta¡ee

as Srltr.

llbe follo¡rlrg laragrallhs present a Aiscusslon of the

segrogatlo&s obtai¡ed ln the ¿tffere¡.t crossea, end thelr flt to the

foxegoing hyBothesis. OnLy those factors which are segregating fn a

6pôelf1c eross w111 be ôiscussed. Tbe sêgr€gati¡g genotypes fox eacb

cross arê Llstsai ltr Appendtx B.

In the first cross, Gaza x Cadeton ( srç Sr* srgt 3rg r Sr¡6 sfu

x src sre srg rsrc srM s¡M) r f of the llnee lad the sane resistance as

the eiaza paretrt. This seemed to lndieate that the rnal or faetor of Geza,

Srg, 1n the homozygous conilitloq, was compLetely êplstatle to factor src.

fhere are 5 natural brêakÊ whlch occur at the 15, Ie eað. 26y'o levels of

infection. lhe most suscêptible group, consÍsti¡g of 4 ltnês, was be-

lier¡otl to have the genotylle srcG src SrCr SrC I srM s!!ü. Thð nore

susceptlble of the 2 lnte¡meitiate grorrps of 6 litres $Ês belleveð to hav€

the additio¡al reslstaaee cotrtllbutea by sIÏ. The nore reslsta¿t of thè

2 groups of 6l-lues ï¡as thorlght to carrT the reslstanee of Src without

the ¡esfstance of grv, aüal a].1 other genotypes rere grouped in the

rêaainllg Lines. the obsen¡eil ratLo of 56 : 90 : 6 : 6 : 4, closely

approaches that r'¡hlch nas ealculated, 55.5 : 90.9 : 6.? | 6.? | 2.2, on.

the basis of,a 16 i 4L | 3.5 i I segregatlon. 3, Chl-square test for
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goodnêss of fit gave a ? vah¡e of .80. This indlcates that the aleviati,ol

f"on expected nas no greate¡ tha!' $Ðü-Ld be erllect€il on the basis of chanee

a10¡.e.

Ie figuïe 2. ei€:.a x Mitrèüu (src 8ÌG s+t Srgr x src s3G srç srg) r

tÀere are 2 ¡Âtlrral breaks at the 16 a¡d 24d/o !êre]:s of i¡fêction. Thê

nost susceptible group (ø tines) $as consid.erêd to bo of the gotrotype

srg srç src src havl¡g oDfy the resistance of Süg r a[d tÀe i"ÈterJûediate

group (9 lfnes) {as conslöe¡etl to have thê adðitioÞal resistance cotrtrlbût-

êat by sr0r. Á11 other genotlry)es were grouped' iß the remal[iag J.iaes. ftre

observed ratlo of 51 : I 3 5 elosely approaches that whlch was ealculatotl,

4?.¿: L1.8:5.9, on the basls of a Lz : 5 : I seg"egatioa. A Chl-square

t6st gave a 3 vaLue of .56r whlch indicates a cloße ftt. A's the group of

susceptfbl€ lineõ in flguros 1 and 2 were nearly equaL fa susceltibilltyt

lt as considered that the factors Srt and SrC I ù&artêil appsoxiBIåte1y

equal clegree s of resista!.ce.

The Carleton x Mindum (sr, Sr, srM sru x srg sro SrM SrM) tr'5

Lhes are show¡. 1n flÊrrro 5. Ilnfortunately, thero werø only 46 linêË

avallable, so that a1l cLasses couLd aot be aceurately d.istj.nguishêat.

However, there is a¡ fndlcation of 4 separ€te groups, but oûly tho 2 most

$rsc€ptibls lines appear to be clistl¡ctLy divergont from the rêúalni¡g

Llnes. These ? llnes we"ê cotlsiðered to be of the genotnre

srt sr.c sq[ srf. A second (livlsioa ntght be nåde at i!,:ne 25/" level. At].

Llnes to thê left of thls leTel nou].d then be consld 6red to earry both

SnC aad Sq¿. *411 ôther genotypes were.believed to be represented in the

inte!:aetliate gtonrp between the eg and 4!/o le:r,els. The obsorved ratio of

z5 | 2L: 2 closely approaches that ¡rhich was cal-cuLated t ?,5.9 ,17.2 ,2.9,

onthebasisofaI:6: I segregatlon. A Chi-square test gave a P value
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ot .,49. In this cross Carletoa is the more reslstant paretrt. I! figuice l,

the positioa of the flnes consÍd ered to be of the Carletotr ge¡.otypo, aro

comparable to Cadeton ilr reactio!, whereas itr figure 5, the Ii!ès of this

genotype have been sblfteò towa¡{ a sugbtly nore suseeptlble reactlo3.

Shis shift coulcl have been eausêal by a greater rbuiLtl-upn sf lnoculum in

this, the most susceptible eross. tlafortünatoly, a direct coíæarlsoo

couLd lot be fladê, as no l{lnalum check oecu¡ßed 1n that €ection of the

nuIserY.

The carleto¡ x Innlllo (sr1 sr, src src srM EI¡I x Ê¡I grï

SlCr SrCr Sfu SrM) Fg liues of flgure 4, 1û cotrt¡a6t to tho C,aza x lumilLo

cross of ffg¡¡re I, are d lst¡Lbuteal more evenl-y over the }arge betreen the

par€trta1 reactions. Thus, .Sr1 d.oe6 not appear to have the sarne eplstatle

effect as tSrG does over SrC. .A¡ ercaülnatioû of the <tlstrlbutlon fn

figu¡e 4 reveaLs 5 natural bleaks ühich separatê groups of 6, 2 atrè e

lines, respectiveLy, from the r¡ajor group. The linê6 of the nost

st¡scoptlble group Ì[ere eonsi(tered to have the geaotype srI srI SC t &C t

sr¡{ srtr{. fhe nore susceptible of the 2 lntemeitiate eroups (2 llnes) r¡aE

corlsld.ereaÌ to cafflr thê aalôltloaa1 reslataüee eontrlbuteal by Sfu. 1].e &ore

TeslstaÞt of the 2 i¡tel'4ediate .groups (6 tiaes) was betieveal to have the

factor SrC, in the absence of SrU. AtI other genotypes we"e consialerêil to

be represe!.ted iÈ the re@ini¡g 1iû6s. Íhe observed xatio of 118 : 6 . ? z 2,

closeLy approaches ùhe eaLeulaterl, J.l4 : 6 : 6 : 2, on the basls of a

57.3 | 5: I segregatlon. å, Chl-squaÌe te6t gave â P value of .,4L1. It
nas observed. in the fleld that a hlgber ûe€Tee of infectlon ms attalnetl ln

th.e sectlon of the nurserT whe¡e thls croes 'üras grown, than ln the portion

oecupieai by the M1ltdun x lümiLLo cross. Ehfs ¡esulteai ltr a rêIatlvely

hlgber roarllng than ¡oouLal b6 Ëuggostoal by th€ pare¡tal checke,
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In the ltitdun x Tunillo (sr, sr, src Êrc x 5!I srI Srgr srgt )

Fg lines of fLgule 5, there appear to be 4 nodal' claõses. I1¡6s to the

rigbt of t,L.e 26i6 levet of lnfectioa Ìfere considered to have the gsnotype

srÏ sr-l stc src. Arbitra¡lr ttlvlsloas ü19þt be 4âde at levels of 1A and

18ø infeetlotl, whlch are the low frequoncy poi¡lts 1tt thê group of llnes ùo

th6 l6ft aî i.,he 26$ Level of l¡fêction. ll1e obse!1foal ratio of

lOO : 25 : 19 : I approaches that Ìtblch Íraõ calculatetl, 84.4 : 28.1 :

28.1 ! 9.4, on the basis of a I t 5 : 5 : 1 segrogation. Â Chi-square

test gave e P value of .08. l[hls 1o'!r P value, although not ln'ilcatllg a

slgEiftcant allfferênce, is 1n accold with thê observatlon thåt the degree

of lnfèctlon r!46 trot a6 gr€at 1¡ this BortloB of the nursêrv. fbls

reEulted. ln too fiany llles appearfou to,*:.T"t legLstatrt grou!. oa thð

basis of a 15 : I Êegregatlo¡r the obseffeal ratio of !42 '. a approaehes

the calcu]-atett 140.6 : 9.4, with s, P va].ue of .66, l¡alicati¡g a better fít

to this ratio.

fhe dlstrlbutLon of the l1ne rêactlons ia the cross b6tween tho

nost resistaEt larerts, Gaza x Iu¡trillo (S16 Srç srl srï x sr* srç SrI S¡ef ),

is sho$n iD flgu:r€ 6. In the trarettal plots' Iuni .o srhiblte<l a sliebtly

higher dtegree of suõce?tlbllity tha! Gaza. This suggests a lesser tlegree

of.reslstaBee, resulting from ËTI thatl fron srÊ. IÊ rslation to parental

reaetions, orle nlgbt trùace the first 2 classes together as havlng a

rsaetioa sinÍla¡ to thåt of the !arênt6. It was cottõidered that thts

comblneal class wonki eonglst of genotypos which carriêat srG with or with-

out Srlr a¡d srl ln the homozygous eolalitiotr nlthout grc. In the reuain-

lag J.i[es, ther€ appears to b6 a brêak at tbe 5 o¡ 6fi :.:eT¡eL of hfectiot¡.

Íb.ê 6 ]-eveL was choseo, antl qll tbe ti[es showlng g"eate! ltrfectÍon were

eo¡sldered to be reeêsslve for õrç anat SrI. lfhose Llnes between the 6ø
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level and the ?arentaL tyfles wêre consldêred to carrl¡ SrI in the

heterozygous conðltion without SrG. The observed ratio of !2? : I7 : 6

closely approaches the catcu].ated, 12L.9 3 18.8 3 9.5, on th€ basls of a

73 . 2 , L segregatlon. ¿, Chi-square test gavê a p val-ue of .46. Con-

sièering the ge!Õtype of the most suscêptlbLo lines, it woul_d be

expocted that they would. show a hlgher ðegxee of lnfection. IloweveT, as

this is the rnost reslstant cross, thero vùoutd be a te!.d.ency toíbuild-upÍ

less inoeulun in these llnes than j.n those of tho othër 5 crosles.

T.lle proposed hypothesls for the lnrental gonotJrpes appears to

be internaLly conslstent unaler the eonditiotrs prevailing fn l95O ard 195I.

Colour Stutly

ln the crosÉ Gaza x Ir.nllLo, the Tg lines sogregated irto 54

light gr6en of Gaza : ?? seg?egatltrg ! õ9 blue greea of fi¡r8111o. Íhis
closeLy approaches the 1 : ¿: l segregatioa of A?.õ, ?5.O:5?.5. A

Chi-square test of significance showed that the atevlation fron the

theoretLcaL Ìeas ¡.ot signiflcant (? = .99) . thus, thero is stlPong evl.d.ence

that the tllfferênce Ín eoloux bêtween these Z variêties 1s conititloned. by

òne .faator.

Lesults obtaineil from the oLLorolhyu <leficiency lD the crossos

invoJ.ving Iumfllo, are presented tr fbble II.
Altbough ratios eoulè be fltteal to thls öata, such a treâtrient

ï¡as not consldered to be valid.. The vexT d.eficient trtlants ln the F2 ¡rere

founal to produee no seeil. This wouLd tenai to reduce the size of the

ehlorophyll deficLent elass, aûd the amou¡tt of this reduetlo[ cou].d not be

estimated wltb aBy degree of corlfid.encê. However, as the IumilLo parent

is not chloropìryII èeftcient, a singte factor segregatlon fE not indilcater!.
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Table II
SGEEC"ATION TlR CEI,C'RO?EÍLL IÌUETCIENCY

IN CROSSS TNVOLVJNG II]MILTO

Cross GxI C xI MxI

Norsal

Ëegregatiag

chl orolbyll
deflciênt

æ

87

I

47

79

2

59

89

,

Thus, at least tlrÕ factors, antl, ln tho case of the crogees wlth Mlldun

aûal CarLeton, possibly th¡ee were belleve(l to be invotvect ln tbe

l¡.heritaace of eh].orolhyll tloflcleney 1n these g c¡osses.
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ST¡UMAffi ¡ND C OIÍCITISI O}¡S-

Ð1altel crosses were nade among the varietLes Caza, Ifl¡rlLo,

Ca¡Leto¡ and M1¡èum.

I'õ lines of each cross trere subjectêd to an argificlaL fl€Id
elldentlc of LsB. a.ntl a trumber of como! races of st€s nrst.

Rêsul-ts lnaticeted that M1¡dt¡n car:rfed a miEor factor for
roslstaace, \ñhlch has been aleslgnatea! Sqû. CarLeton appear€al to

carrT a factor for mod eratè resi6tanee, which has beo! terjlleal SrG.

Gaza rpas belleved to carr¡r a rìlEtjor factor Srçr in adaitioB to SxlÂ, alltt

a mlnor fâcto? SrCr, which ms aLleLic to SæC. Iunlu.o aLso carrted.

Sq¿ al¡d SrC!, but oÌred tho greater part of lts ¡esistaEce to a rÞJor

facto s'rI.

Íhe factor ÊrG appeared to inpart a highêr degree of reslstaneo

tha¡ ðial the factor 5lï a¡d, ltr thè honozygous donlnant condltion,

appeared to b6 conpletely eplstatlc to Srg. Althougb appar€4tly trot

alleLoeortlhic, the mlaor factors lrg ald Ërg t appeared to control a

ðegr€e of reslstallee ]¡htch rùas qulte srlnrlar in effect. llhe factor Srg,

reoponsible for tb€ moilerate rosistaace of Car1eton, appealed to be

aIlelonor¡hie att(l doei[a¡t to the ninor factor SrCt. Srï uas be].levett

to furpara a ellghtJ-y lower d.egree of resistanee than Srg¡ a¡d rÉs ¡ot
€Blstatie to Srç.

the d.ifference betïúeên the 1leht greea of C"aza alxd the blue green

of luoillo, appeared to be conclitioned by one factor.

3.

4.

6. llheIo wers fdllcations of t!ro, or possj.bly tbree faetors,
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¡esponsiblê for chloropbylL tteficiencies ilt th€ crosses lrhich

lnvolved Iu¡rlllo.
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