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ABSTR¿,CT

Race 56 of wheaË sËem rusË, Puccínia graminÍs pers. f. sp.

ErÍkss. & Henn., T^ras found to have superior compeËítive

Èhan race 158-1 (Can.) when they were culÈured in mÍxËuresability

on the varietíes Little Club, Red Bobs, and MarquÍs for

11 generaËions. The superioriËy of race 56 was most evident at

high temperaËures (20o and 25o). R¿ce 158-1 (Can.) was a much

better competitor at 15oC than at 2Oo and 25oC.

ReraËíve competitive abilíties were found to be ínfluenced

by the density of pustules on ínfected leaves. on heavily infected

pLants of LiÈtle club and Red Bobs at 15o and 2ooc race 158-1 (can.)

usually predominaËed over race 56 buË on lightly infected p1_anËs

race 56 predominaËed.

The germinabil-ity of urediospores of race l5B-1 (Can.) was

slightly superior to race 56 on \^raËer agar buË there was no dif-
ference on wheat leaves. There vras not much difference in the

LongeviÈy of spores of the Ër^7o races. spores of boËh races losË

víability quickl-y ax 25oC.

The successful raËe of infection by single spores on LiËtle

club seedlings uras Ëhe same for races 158-1 (can.) and 56. The

ÍnfecËive abiliËy of race 56, however, \¡ras generally higher than

that of race 158-1 (can.) on the wheaË varieties LitËle club, Red

Bobs, Marquis, and Mindum. Marquis wheaË T¡tas generally the most

readily infecËed by the both races. GeneralLy, the higher the

temperature at which inoculaËed seedlÍngs rnrere kepË, Ëhe fewer

pusËu1es developed on the plants.
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The raËe of growLh of pusËules on LiËtle Club wheaË grown

aË 15o and 2OoC was deËermined by measurement with a microscope.

During the early sËages of rust development, Éhe pusËules of race

56 grew faster Ëhan those of race 158-1- (Can.). Pustules of race

1_58-1 (Can.), however, greT¡r more rapidly in l-ater sËages and were

Larger than those of race 56 in the final stage of rust developmenË.

PusÈules of both races were smaller on heavily infected

plants Ëhan on lightly infected plants.

The incubaËíon period of race 56 was shorËer Ëhan that of

race 158-1 (Can.) at 15o and 2OoC. Incubation periods were shorter

at 2Ooc Ëhan aË l-soc.

Race 56 produced more uredíospores more rapidly than race

158-1 (Can.) at 15o, 2oo, and 25oC.

There rüas no anËagonistic effect beËween races 158-1 (Can.)

and 56 in thÍs experiment.

The reproducËive potentials of races 158-1 (Can.) and 56

of wheaË sËem rust are discussed.
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III"IRODÜCTÏON

Physiologic races of various plant paËhogenic fungi

conËinuously vary in prevalence ín nature. It is wel-l-known ËhaË

the introducËion of new resistant varieËies plays an imporËant

parË Ín bringing about such changes. But íË is also well-known

Ëhat the prevalence of physiol-ogíc races changes in periods when

the varÍeties of Ëhe host crop are sÈaËic. AlteraËions in race

prevalence Ëhat carriot be aËtribuÈed Ëo the reacËion of crop

varieties musË be brought abouË by oËher environmental facËors

interacËing with the capabilities of the races Ëo develop and

sporulate. LitËLe is known abouË Ëhe Ëhese inËeractions and

Ëheir effect on the compeËitÍve abílities of races in nature.

Changes in Ëhe prevalence of races 158-1 (Can.) and 56

of wheaË stem rusË, Puccinía gramÍnis Pers. f. sp. ËriËici Erikss.

& Henn., í1LustraËe many aspects of Ëhe problem. Race 56 was first

found in Canada in L928. It became Ëhe predominanË race i.n L934

and remained so until 1949 despiËe Ëhe widespread use of varíeËies

resistanË Ëo it afËer L935. In 1950, a ner¡/ race, 158, suddenly

displ-aced it for Ëhe obvious reason ËhaË 158 could aËËack all Ëhe

resÍsËanË varieËÍes of bread wheaÈ and durum r,rÏreaË groT/,ilL ín Ëhe

GreaË Pl-ains region of NorËh America aË Ëhat time. IrI 1953, the

varíety Selkirk, wÍth resisÈance to both races, l,i7as released and

soon became the predominanË variety in the rust area of InlesÈern

Canada and in Éhe spring wheaË area of norËh-central United SËates.



Soon af¡er Ëhe introducËíon of Selkirk Ëhe prevalence of race 158

declined and race 56 again became predominant despite Èhe advantage

of broader host rarlge favoring race 158.

The abiliËy of Ëhe cereaL rusts Ëo change and produce ne\¡I

races, some of which can attack widely groT/,rl resistant varieties,

poses plant breeders and paËhologisËs with a conËinuing probLem

ín conËrolling the cereal rusts. But neT¡I races thaË appear to be

equally threaËenÍng from Ëhe standpoint of virulence do not have

equal abilities Ëo íncrease and menace crops. Several races, such

as 29-L (Can.), 158-3 (Can.) and L58-5 (Can.) can attack Selkirk

but they \^rere unable to develop and ËhreaËen croPs in the GreaË

Plains region of North America. NeverËheless, when Ëhey were

discovered they were viewed as serious poEential threaËs and

breedíng programs r^7ere iniËiaËed to counteract them. If Lhe fac-

tors, oËher than virulence, thaË govern the prevalence of races

in the field were understood much time and effort could be saved.

These facËors, Ëherefore, have greaË pracËical importance.

A knowledge of how environmenËal condíËions affecË Ëhe

competitÍve abilities of dífferenË rust races would be helpful,

al-so, in understanding Ëhe epÍdemiol-ogy and ecology of the rusts.

SËudies on the compeËitive ability of rusË races reported in the

liËeraËure have been concerned maínly wÍth Ëhe ability of races Ëo

increase aË Ëhe expense of oËher races in mixed uredial infecËions

over several generations. LÍttle is known about Ëhe facËors that

make one race a beËter competitor than anoËher in a mÍxËure.

This invesÈigaËion was undertaken Ëo elucidate some of Ëhe
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factors ËhaË may have been responsible for Ëhe increase of tace 56

and Ëhe declíne of race 158 after L953. The factors govelÏ'ing the

compeËiËive abiliËy of races in mixed uredial infections under arti-

ficial condiËions can be broadly classified into tltîo groups - 1)

the inherenË capabilities of Ëhe races or interrial facËors and 2)

envÍronmenËal condiËions. The internal facËors include urediospore

viabilíty, infective capabí1ity, rate of growth, and sporulating

capacÍty. Envirorunental facËors include host varieLy, infection

densíËy, and Ëemperature and other meËeorol-ogical conditions. The

ínherenË capabilíties of races 158-1- (Can.) and 56 of wheat stem

rusË T¡rere compared under several differenË environmenËal conditions

to learn what factors favored one race or the other and Lhus explain

the marked changes in their prevalence in the field.



R.EVIEI,ü OF LÏTERATI]RE

SËudíes on Ëhe relative survival ability in mÍxed infec-

tions of races of pathogenic fungí and studies on the reproductÍve

poËential- of cereal rust races have been reported in Ëhe liËerature.

In thís revíew, only papers considered relevanË to this invesËiga-

Ëion will be discussed.

In studies on competitive abÍlity in wheat stem rusË, ?.

graminis f. sp. ËrÍtici, lfatson (59) found that race 34 always

grew well and maintained itself, or íncreased, in percentage of

Ëhe mixture when assocÍated with races 17, L9,56, and 147, whereas

race L47 was always virËual-Ly elímÍnated from such mixtures after

severaL uredial generations" He suggested that Ëhe amount and

character of each race ín mixËure, the effect of ËemperaËure on

Ëhe fungus, and Ëhe varieËy on which the mixËure \,ías cultured

iníght be responsible for the changes.

Loegering (38) reported thaË, in a mixture of races L7 and

56 on Ëhe wheat varieËies FulcasËer and LiÈË1e Club, race 17 became

predominanË by a wide margin, while on Ceres iÈ predominaËed only

slightl-y. In a mixture of races L7 and 19, on FulcasËer and LitÈle

Club, race L7 predominaËed afÈer a very few generaËÍons, wÏrile on

M:indum race L7 predominaËed only slightl-y afËer six generations.

Bromfield and Broyles (3) found by studying survival rates

in míxed cultures that Ëhe survival ability of many races might be

deËermined by comparLng races in mixËures wiËh one or more marker

races.



In leaf rust of wheat, Puccinia recondita Rob. ex Desm.,

Irísh (23) found that race 58 is the weakesË compeËiËor of races

9, 15, 58, and L26 on the varieËy Cheyenne.

Ilassebrauk (19) reporÈed that race 52 of leaf rust predomi-

nated over race 20 in mixed infecËions on MlchÍgan é'rnber for 50-60

uredial generations.

In studying mixtures of races of PhytophËhora ÍnfesËans

(I4cnt.) de Bary, Bl-ack (1) found that the wider the host range of

a race, the less prolific iË was on varieËies susceptible to many

races, and Ëhe lower Íts survival values ín compeËiËion r^¡ith races

with narror¡rer host ranges. These resuLËs \^iere supported by

Thurston and Eíde (57, 58) in sËudying P. infestans. They reporËed

ËhaË an ÍsolaËe from the resisËanË varieËy Cherokee lacked survival

abílíËy when grovrn on the suscepLible variety Cobbler in míxËures

with a field ísoLaËe"

ThursËon (56) found thaË race O of P" infestans predomÍnaËed

or entirely dÍspLaced Ëhe other races with which it was mixed after

peryetuation of the mixture on susceptible potato cl-ones f.or 2-9

generations, l,Ihen compared singly, isolates of race O were usually

more infectious than the other races. He concluded ËhaË survival

abiliÉy is the result of a complex of facËors, and suggest.ed thaË

these factors may be influenced by the various ínËeractions of hosË,

parasite, and environment; and probably íncLude ability of a fungus

Ëo overseason; to gror,/ after overseasoning; Ëo sporulate; to survive

disseminaËion untíl arrival on a susceptible hosË; to germinaËe

rapidly; and f.Lr.ally Ëo peneËraËe and infect the hosË"



Rodenhiser and Holton (46), in studying differences in

capaciÈy for survival in inËerspecific and inËer-race míxtures

of Tilletia caries (DC.) Tul. and/or !. foeËida (I^Iallr.) Liro,

found ËhaË the species and races of the bunt fungi differ in

their abiliËy to develop ín a susceptible hosË in mixed popula-

tions. They reported that no explanation can be offered for Ëhe

demonsËrated differential ability of species and races of T.

caries and T. foeËida to survive passage Ëhrough the hosË ín

combÍnaËion with each other. RaËe of spore-gei:ininaËion may be

at leasË a contributing facËor in some cases. Antagonistic

effects on mycelial growËh apparenËly had no influence.

Cassell (7) studied the effect of temperature on urediospore

germinatíon and germ tube development of several races of wheat stem

rusË. He found Ëhat, in general, 20oC was mosË favorable for spore-

germination. The races did not behave alike. Spores of race 34

germinaËed betËer Ëhan those of the other races over a wide range

of temperaËure, but germ-tube growLh was pooresË at 20oC. Germ-

Ëubes of race 56 developed faster than Ëhose of all other races at

zOoC, closely followed in this respecÈ by race 11 and race 38. IIe

concl-uded Ëhat on Ëhe basis of spore-germinaËion, race 36 \¡Ias one

of those besË adapËed to hígh temperature and was only parËiaIIy

ËoleranË Ëo cold, race 56 \,üas next Ëo race 36 in íËs abiliËy Ëo

develop at high Ëemperature and was Ëhe least adapted to cold, and

races 38 and l-1 were best abl-e Ëo ËoleraËe Low ËemperaÈure.

Manners (39), in studying Puccinia gl-umarum (Schm.) Eríkss.

& Henn., found ËhaË urediospores of race 2 germinaËe less well Ëhan
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Èhose of races 5 or B, oËher races being intermedíate, and ËhaË

the optimum temperature for spore-germination of race G (isolated

from Dactylis glomerata L.) is 22.5oC, Ëhat of all other races is

1O- 130C.

Line and Bugbee (32) compared the germinaËÍon ability of

isoLaËes of race L5B of wheaË sËem rust selected aË low incubaËion

Ëemperature (4-5oC.) for more Ëhan 20 generations and nonselected

ísolaËes. At 3-5oC, uredíospores of selecËed isolaËes germinaËed

sooner, produced longer germ tubes, and were higher in percentage

of germination than spores of nonselected ísolaËes of races 158 and

56, AË 20-25oC, urediospores of nonselecËed isolaLes germinated

better. i,rfhen urediospores of isoLates selected aË 4-5oC were trans-

ferred for 4 and B generations at 2O-25oC, Ëhey germinated beËËer

at 3-5oC than spores of isolates always Ëransferred aË 2O-25oC, but

less wel-l Ëhan spores of selecËed ísolates always Ëransferred at.

4-soc.

In sËudying infectÍbílity of hosts to rusË, tlayden (20)

found thaË Ëhe spread of race 158 differed on the wheaË varieËies

Lee, Marquis, IfÍ.da, Carlton, Nugget, and Sentry. RusË severíty

reached 35-50% in an area approximaËely 3 feet in diameter on tee

but the area of spread \^ras more extensive .and severity was greater

on MarquÍs and Mida. DeËerminaËíons of temperaËure range or moísËure

requiremenËs for infecËion of seedlings of indivídual varieËies

l¡hich might account for differences in infecËibíliËy and raËe of

development of rust Ëo epídemic proporËíons r^7ere inconclusive"

In studyíng Ëhe effect of temperaÉure on the devel-opment

of rust races, Melander (40) found ËhaË physiologic races of wheaË
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sËem rust differed in abiliËy Ëo produce uredia at low ËemPeraËure.

At O-loc, race 36 produced normal uredia readily' races 15 and 35

produced only a few minute pustules.

Johnson and NewEon (26) showed that physíologic races of

the cereal rusËs differ considerably in Ëheir resPonse Ëo hígh tem-

peraËures, and Ëhe higher the ËemPerature aË which Ëhe hosË planËs

were kepË, Ëhe fewer pustules developed on the plants. Cassell (6),

in comparaËive tesËs beËween races 36 and 56 of wheaË sËem rusf on

Ceres wheat, found greaË difference at different temPeratures. Race

36 caused Ëhe heaviesË infecËÍon aË moderaËe to low temPeraËures'

whiLe race 56 caused the heaviest infecËion aË moderate to high

Ëemperatures. He also reported thaË mycelia of race 158 survived

in Ëhe hosË for 85 days aË low ËemperaËures, and fot 42 days at high

ËenperaËures.

Yarwood (60) firsË reported acquired ÍrmnuniËy to rusË after

studies in i,uhích he inoculaËed plants a second Ëime w'iËh Ëhe same

or with dífferent rusË species. He sËated thaË a gaseous meËabolíte

of the pathogen is responsibl-e for inrnunizaLion, and that inrnuníza-

Ëion ís resËricËed to the germinaËÍon and peneËraËion phases of the

infectíon. He found Ëhat the tissue adjacenË to old uredial infec-

tions of bean rust, UromYces phaseoli (Rebent.) Wint. on Phaseolus

vulgarís L., was noË infecËed by Ëhe second ínoculation. The zone

of inhibíËion was wider distally than proxímally from the infected

area, and its \^?'idËh varied directly with the age of Ëhe first

infecËion. He concluded ttÉ-t a gaseous subsËance formed by U.

phaseoli is Ëoxic Ëo Ëhe germínaËing sPores of certain rusts but



is noË Ëoxic to cerËain other plant pathogens.

In double inoculaËÍons w-iËh different rusts, Yarwood (61)

found Ëhat when adequaËe dosages of uredíospores of !. phaseoli

were placed on sunflower leaves before inoculation of the leaves

with Puccinía helianthi Schw., or along I,l'ith Ëhe inoculu4, Ëhe

sunflower leaves \^iere proËected from infection. JohnsËon and

Huffman (34) poínted ouË ËhaË on leaf rust suscepËible wheat

seedlíngs inoculated with urediospores of oat crolffr rusË prior Ëo

inoculaËion w'ith Ëhe wheat leaf rust, the leaf rusË pusËules were

fewer in number and of a different infection type Ëhan were those

on similar plants inoculated only with the leaf rust. They suggesËed

thaË loca1 anËagonísm may be one of contacË inhibition by Ëhe acËion

of substances produced by the laËenË mycelium of an organísm Ëhat

't,ras not able Ëo establish itself parasiËically, or that it may

resulË from a reducËion in the number of possibLe infectíon courËs

caused by kil1-ing or pluggÍng of many of Ëhe stomata.
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MATERIALS AND METHODS

fsolaËes of races 158-1 (Can.) and 56 of. wheaË sËem rust,

P. graminis f. sp. Ëritíci, obtained from rust coll-ecËions made in

I,{esËern Canada and a grayish-brown ÍsolaËe of race 15 obËained in

hybridízatíon sËudíes Ín the greenhouse, IÀ7ere suPplied by Dr. G. J.

Green, Canada DeparËmenË of Agriculture Research SËation, tr{innipeg.

Monourediospore culËures \¡7ere esËablished and used in Èhis study

Éo avoid errors resulting from the use of cultures consisting of

more than one genotype. The culËures were established by picking

up a single spore on a sterile needle under a mícroscope and placing

it on a seedling leaf of the wheaË varieËy LiËËle Club. Seedlings

inoculaËed in this T¡Iay \¡lere incubaËed under lanËern chimnies in a

growEh chamber at 2OoC f.or 24 hours. The lanËern chímnies \^7ere then

removed and the results of inoculat,ion were observed l-0 days later.

The number of successful ínfections I47as 2.3 per cent for race 158-1

(can.) (15 infecËed pLants/640 planËs inoculaËed), and also 2.3 per

cenË for race 56 (15 infected plants/655 planËs inoculated). The

percenËage of single spore infecËíons of Ëhe grayish-brown isolate

rnzas riot calculaÊed. The grayish-brown culËure \^7as used, in addíËion

to races 158-1 (Can.) and 56, because in sÉudying compeËitive abílity

in spore-mixtures, uredia of races 158-L (Can.) and 56 are not dis-

Ëinguishable on varieties susceptible to boËh races, while the

grayish-brolrn race can be distinguished from races 158-1 (Can.) and

56 on Ëhe susceptible varieÈies. All- Ëhe cultures l¡7ere grol\in on

LiËËle Club seedlings in differenË growEh chambers to avoid contamina-
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tÍon, and occasionally LheÍr purity was confirmed by tesËíng on

Ëhe differential host varieËÍes.

Seeds of the wheaË varieËÍes Little Club, Red Bobs, llarquis,

Mindum, Spelmar, and ArnauËka were obËained from stocks aË the Canada

DeparËmenË of Agricul-ture Research SËaËion, irlínnipeg. The varieËies

Little Club, Red Bobs, and lufarquís are susceptÍble to Lhe three rust

cultures used buË Mindum, Spelmar, and Arnautka are resisËanË Ëo

cace 56 and suscepËible to race 158-1 (Can.) (Table 1).

Tabl-e 1. RusË reaction of fÍve wheaË varieËies Ëo three races of
stem rust.

Race tittle Club Marquis Red Bobs Mindum Arnautka

158-1 (Can.) 4 4- 4 4- 4-

5643+4f=f=

L5 (grayish- 4 4-
brown muËanË)

44=4=



L2

The seedlings used in Ëhe ex¡rerimenËs r¡7ere gror¡irl' in 4 inch clay pots

in a growEh chamber at 2OoC, and in a few cases at 25oC, aË the

Canada Department of AgrícuLËure Research SËation. Temperatures in

Ëhe growËh chambers varied f loc. ReLaËÍve humidity was mainLained

at abouË 40% (20-60%). Light, supplied l-6 hours per day by cool

white fLuorescenË tubes, \¡Ias about Ëhe same intensíty in all growth

chambers.

The varieties LítËle CIub and Red Bobs were used because

Ëhey are completely suscepËible Ëo the races used, l¡hile lufarquís

was sLightly more susceptible Ëo race 158-1 (Can.) than to race 56,

Mindum, Arnautka, and Spelmar 'üIere used Ëo determíne Ëhe proportions

of races 158-1 (Can.) (susceptibl-e) and 56 (resistanË) ín urediospores

harvested from mixed infections"

In most experimenËs, seedl-ings in Ëhe firsË leaf sËage r^7ere

inoculaËed by spraying wiËh a suspensÍon of urediospores in r¡74Ëer

conËaÍning 1 per cent, poLyoxyeËhyLene sorbitan monolaurate (Tween 20).

The addÍtion of Tween 20 was necessary to suspend the spores uniformly

in Ëhe r¡rater and to produce a uniform infecËion on the seedlings. The

suspensions r¡rere prepared by adding weÍghed quanËities of uredio-

spores of the differenË cultures to Ëhe waËer-Tween 20 soluËion.

Throughout the ËesËs care \¡Ias Ëaken Ëo apply approxímately the same

amounË of suspension Ëo each plant although Ëhe amounË uras not mea-

sured. The seedlings inoculated were incubated f.or 24 hours under

glass lamp chÍmnies ín the growEh chambers used for Ëhe parËicular

experímenË and then the 1-amp chÍmnies were removed. A second meËhod
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of inoculation, used mainly for increasing cultures' was Ëhe

applicaËion of spores Ëo seedlings wiËh carefully washed fíngers.

seedlíngs ïIere sprayed wiËh water containing 1% Tween 20, and the

spores were applied by drawing the moÍstened leaves between care-

fully washed É,humb and forefinger. The seedlings were incubated

as described above.

Tests on the effect of po1-yoxyeËhylene sorbiËan monolauraËe

on spore germinaËion shornred no difference beËween germinaËion in a

solutíon of. L% Tween 20 ar.d in waËer.

The uredÍosPores of single sPore cultures used in each

experimenË rnrere gro\¡lrt on seedlings of Little Club i¿heat at 2OoC.

T¡L each tesË of compeËiËive abÍliËy' seedlings of LitËLe club, Red

Bobs, Iutrarquis, llindum, spelmar andf or ArnauÈka were inoculated with

the same 1% Tween 20 suspension of spores prepared wiLh 25 mgs of

uredíospores of Ëhe races being compared per 100 cc' Subseguent

generations hïere produced by colLecting spores from Ëhe mixed in-

fecËions on each variety by shaking the seedl-ing leaves over a

sheeË of cellophane and inoculaËing rLe'ü7 seedlings rn7ith the mixËure

(Figure la). The spores from Ëhe mixed infecËions \rere collecËed

18 days after inoculaËion aË 15oC and 14 days afËer inoculaËion aË

20o ar.d 25oC.

ExperimentsonËheeffecËofpustuledensiËyoncompetitive

abilíËy .r,\rere carried ouË in a similar manner (Figure 1b). A suspen-

síon of 40 mgs of uredÍospores of each race in 50 cc of. L% lween 20

solution r¿as used Ëo produce heavy infections (over 100 infecËions
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per leaf) and 8 mgs of sPores of the

of. L% Tween 20 was used to Produced

10 ínfections Per Leaf).

Figure Lb.
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The relaËive survÍval of races 158-1 (Can.) and 56 ín a

mixËure were determined after each generaËion by infecting Ëhe

wheat varíeties Mindum, Spelmar andfor ArnauËka with urediospores

from the mixed infections. These varieËies are resistant Ëo race

56 arrd. suscepËible to race 158-1- (Can.). The number of resistant

and suscepËible infections, Ëherefore, indicaËed the proportion of

each race in Ëhe mixture. TesËs with mixtures irl which Ëhe propor-

tion of each race was kno\,üïl had previously demonsËrated that this

r¡ras a reasonably accuraËe assay method (53, 55).

urediospore color muËanËs have an advantage in studying

competitive ability in a mixËure, because uredia of a mutant are

disÈinguishable from Ëhose of normal colored races on susceptible

varíeties. Therefore, iË is noË necessary to use differential hosËs

such as Mindum, Spelmar, and Arnautka as in sËudying compeËition

between races 158-1 (Can.) and 56. In studies of compeËition beËween

a grayish-brown mutanË and normaL colored races l-58-1 (Can.) and 56,

the number of infecÉions of each race r¡las counted directl-y. The

experimental procedure was the same as thaË mentioned above (see

Figure la).

spore viabiliËy \,ras determÍned by sparsely seeding fresh

urediospores of races 158-1 (Can") and 56 on L%watet agar in petri

dishes which were kepË in chambers aË 5, 10, 15, 20, 25r 30, and 35oC.

In another germinaËion tesË, the spores were seeded on Ëhe under-

surface of deËached wheat leaves which were placed on moisË filLer

paper in peËri dishes kept at 1-5o, 2Oo, and 25oC. In both experí-

menËs, percenËage of germinaËion r¡ras deËermined by counËing Ëhe
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gerninated spores under a microscope at 6 to 8 hours aftex seeding

the spores.

ToÍnvestigaËeËhel.ongeviËyofurediosporesofracesl5B-1

(Can.)and56,freshurediosporesofboË'hraces\¡TerekeptseparaÈe1.y

ín peËri díshes r,¡hich were placed in grow¡h chambers aË 15o ' 20o'

anð. 25oC. The germinabilíLy of the spores "t¡las Ëested on L% T¡74Ëer

agat af1er 0 to 40 days of sËorage. AË Ëhe same Lime' 2 mgs of

freshurediosporesofeachraceweresea]-edseparatel-yinevacuated

glass Ëubes by means of vacuum drying aPparaËus' The sealed tubes

were kepË in the growËh chambers' The spores in the tubes were

tesË,ed for germination on L% \^7aËer agar afËer O' 7 ' and 42 days of

storage.

To ínvestigaËe the ínfectiviËy of races 158-1 (Can") and

56,2TpotsofseedlingsofËhevarietiesLiËËleClub,RedBobs,

l4arquis, and Mindum were inoculated separaËeLy wiËh 1l- or 20 mgs

offreshurediosporesofeachracesuspendedin50ccof].%Tween

20 soluËion. rhe pl-ants r^7ere kepË in growËh chambers at 15o , 2Oo,

arLd 25oc. The number of infecËions on Ë,he wheat varieËies were

counËed L2 days after inocul-ation'

The growth rate of pustul-es of races 158-1 (Can') and 56

r^7as compared by observing when infect,ions of each race fÍrsË rup-

ËuredLhehostepidermis,andtheraËeofincreaseínËhesizeof

pusËules of each race.

The,|-opening'lofËhepusËuleswasdeËerminedbycountíng

thenumberofopenedpustulesonLiËËleClubleaves,whichwere

infecËedheavily(moreËhanl00infectionsperl.eaf)and1-íght1y
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(less Ëhan l0 ínfecËions per Leaf) wiËh each race at 15o and zOoC,

every day from 5 days afËer ínoculaËion'

The pusËuLe sLze of the races r^7as compared by removing

infected Leaves of Little Club B and 10 days afËer inoculaËion,

and measuring the length and width of the pustules on the under-

surface of the leaves by microscopic examinaLion using an ocuLar

micromeËer. The size of each uredium was estimaËed by means of

Ëhe formuLa: L+x lengLh x width x p (21). The grovrLh raËe of Ëhe

pustul-es was deËermined by Ëhis method and by a phoLographic

method. In the phoËographic meËhod a close-up phoLograph of 5

pusËules of each race ofl leaves of LiËtle Club (1 or 2 infections

per leaf) was Ëaken every other day. A rul-er was placed beside

each pustuLe when phoËographed. The area of each pustule was

deËermined from posiËive enlargemenLs using a planimeter (FÍgures

2a arrd 2b) anð' Ëhe ruler in each photograph.

TheeffectofinfectiondensiËyongrowthrateofpustules

was also invesËigaËed by measuriÍLg the size of pusËules on leaves

ÍnfecËed heavÍly (more Ëhan 100 pustules per 1-eaf) and lighËly

(less Ëhan 10 pustules per leaf) wiËh races 1-58-1 (Can.) and 56

at 9 and 14 days af.tet inoculation"

To determine the growEh raËe of pusËules in mixed infec-

ËÍons of the normal- colored races and the grayish-broTtn mutant,

seedlings of Little Club were ínocul-ated !ü'iËh mixËures of uredio-

spores in the usual nay. The size of the pusËUles of each race on

the leaves hTas estimaËed by microscopic measurement, as described

above, aË 10 arrd L2 days after ínoculaËion. AË Ëhe same Ëime,
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Race 158-1 (Can.)

Race 56
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Figure 2a. Photographic measurement of pustules of races
158-1 (Can. ) and 56 fifteen days after inocula-
Ëion at 2OoC. The top scale is ín inches, Èhe
lower scale in mm,
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Race 1-58-1 (Can. )

Race 56
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Figure 2b. Photographic measurement of pustules of races
l5B-1 (Can.) and 56 fifteen days after inocula-
tÍon at 15oC. The top scale is in j-nches, the
lower scale in mrn.
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pusËule densiËíes on the same leaves r¡Iere recorded by counËing

Ëhe number of infections per 1-eaf

Spore-producing capability is probably one of the most

ímporËanË facËors infl-uencÍng Éhe rate of spread and developmenË

of a race. The spore-producing ability of races 15.8-1 (Can.) and

56 was compared by inoculatÍng B pots of seedlÍngs of each of the

varieties LitËle Club, Red Bobs and lufarquis wiËh 7 or I mgs of

fresh uredíospores of each race in B0 cc of 1% Tween 20 soluËion.

In a second Ërial 6 pots of seedlings of LítËle Club were inoculaËed

wLt}: 2 mgs of urediospores of each race ín 20 cc of solution. Thir-

Èeen days after inoculation Èhe urediospores produced on the seedl-ing

leaves by each race T,ìrere carefulLy collecËed on a sheeË of cellophane

by shaking the plants and weÍghed. At Ëhe-same Ëime, the number of

uredÍa on Ëhe same leaves r¡/ere counËed.

Since any differences in compeËítive ability found by the

methods used in parËs of this sËudy might be caused by an inÈeracÈion

beËween the races, a simple ËesË for antagonism between races 158-1

(Can.) and 56 was carried ouË. Eight pots of seedlings of Ëhe varíeËy

Little Club and. 12 pots of seedlings of Mindum wheaË were inoculaËed

wÍËh 6 mgs of urediospores of each race separately in 50 cc of. L%

Tween 20 sol-utíon. At the same time, 14 poËs of Mindum seedlings

r¡ere inoculated with a mixËure of urediospores of races 158-1 (Can")

and 56 (4.2 mgs of each race). The p1-anËs were incubaËed under

1-amp chimnÍes for 24 hours at 15o and 20oC. Afterwards, the seedlings

inocul-ated wiËh a single race r,üere allowed Ëo dry and were again

inoculated with the same amounË of spore suspension of Ëhe other race.



22

Time beËween lst and 2nd ínoculatíon r^7as 24 or 48 hours (raure re)'

Twelve days laËer the number of ínfections of races 158-1 (Can")

arLd 56 on Mindum leaves was count,ed. FifËeen days after inocula-

Ëíon the urediospores ofi. Ëhe infections on LiËtle Club were

colLected and used Ëo ínoculate Mindum seedlings. T'tre nurnber of

infections of boËh races on the Mindum leaves I^7AS counËed 12 days

af.ter inoculatÍon"
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EXPERTMENTA]. RE SIILT S

The first sËage of the invesËigation was to determine wheÈher

differences ín the competítive abiLities of races L5B-1 (Can.) and 56

coul-d be detected. If any dífferences could be found an explanation

for Ëhem couLd be soughË by comparing Ëhe races for spore vÍabiliËy,

infecËive abíliËy, growEh rate, and spore producing capabílity. The

experimental results are presenËed here in this order.

CompetiËive AbilíËv

i) Races 15B-1 (Can.) and 56

The compeËiËive abíliËy of races 158-1 (Can") and 56 r¿as

invesËigated by mixíng equal amounts C1-2.5 mgs) of urediospores of

each race and using Ëhe míxture Ëo inocul-ate seedLíngs of Little

Club, Red Bobs, lutrarquís, Mindum, and Spelmar wheaË. The seedlings

were incubated and gro\¡rn ín growEh chambers aË 15o, 2Oo, and.25oC.

Fourteen and l-B days later the spores produced were collecËed and

used Ëo inocul-ate the same hosË varieties, The experimenËal procedure

is shornrn in Figure 1-a, The experiment was carried ouË Ín dupl-icaËe.

The combined daÉa (Tabl-e 2 and FÍgures 3 to 5) show that at 20oC anð'

25og race 56 quickly became predomÍnanË and after 5 generaËions race

L5B-L (Can.) ro"" nearLy eLíminaËed from the mixËures, The resulËs

were al-mosË Ëhe same on al-L three host varieËies. ApparenËLy at Ëhese

temperaËures on suscepËibLe varieties race 56 is a much better

compeËiËor Ëhan race L5B-1- (Can.).
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TabLe 2. Survival of races 158-1
on three host varieties
and 25oC.

(Can.) and 56 grown
for 7 generations at

.1)ln mt_xE'ures '
150, 2oo,

Number of infections
Generation Temp.

(oc)
LiËLle Club
158-1:56
(Can. )

Red Bobs
158-l : 56
(Can. )

Marquis
158-1 z 56
(Can. )

L

J

4
q

6
a

15
tr

tt

It

ft

IJ

tr

fl

il

tl

tl

tl

25
il

It

il

rt

il

tl

103
z+J
200
283
462
2TB
367

2L2
87
36
1l
T6

ö
20

13
2L

1

I
I
0

zL6
4L2
230
227
423
LZ9
LJI

oo/,

4L0
524
323
884
553

L7 27

7L3
185
346
239
2BO
L96

151
304
269
29r
59b
259
'l 11
J!I

183
83
9B
45
27
20
27

269
52L
?L\
150
267
L44
209

65r
508
5l-2
644

LIl3
723

L852

57r
) ?/,

150
2L8
L36
57L

130
322
298
2L3
52L
161
JIJ

/ 14

L76
85
/,o

2B
30
qq

106
11
7B

I
6

252
376
292
r52
370
101
161

953
861
6r6
778
524
772

17 07

¿¿o
490
487
452
138
300
603

20
tl

1

J

4
q

6
7

1

2

4
q

6
1

L29
29
z8

1

11
0
0

1) The proporËion of races 158-1 (Can.) and 56, respectively, in the
original uredisopore mixLures as índicated by assay on Mindum \¡iere:
15oc - 1381 . L632; Zooc - 603 : 1186; 25oc - 844 z L606.
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The results on al-L three host varieËÍes at l-5og were quíËe

dífferent. Race 1-58-1- (Can.) predominated over race 56, but not Ëo

Ëhe same extent as race 56 at the higher temperatures. The experimenË

was exËended over 1l- uredial- generaËíons on Red Bobs and l"hrquis buË

race 56 vras noÈ el-imínated.

ii) Normal col-ored races and grayish-brown mutant

The compeËitive abíliËy of races 153-l- (Can,) and 56 was then

compared at L5o and 2OoC on LittLe Club for 11- generaËions with Ëhe

competitive abiLity of the grayísh-brolnn mutanË to check on the

accuracy of Ëhe above resuLËs" The competiÉive abiliËÍes of race

1_58-1 (Can.) and Ëhe muËant were about equal (l'igure 6), buË race 56

in mixed infectíon with Ëhe muËant soon predominated aË boËh

temperaËures (Figure 7). These result,s supporË Ëhose described above

and indicate Ëhat race 56 is much superÍor to race 1-58-1- (Can.) in

competitive abiLity, but Ëhe relaËionship Ís noË a simpLe one. Ïn

Ëhis experimenË, Ëemperature did not. have much effecË on the survival

abíl-ities of Ëhe normal and mutanË races. The resul-Ës indicate thaË

under Ëhe condiËÍons of these experimenËs Ëhe grayish-brolvn mutant is

al-most the same as râce 158-1 (Can.) and much ínferior Ëo race 56 in

compeËítíve ability"

These resul-ts indicate ËhaË temperaËure may be an importanË

factor ínfl-uencíng the prevaLence of race 158-L (Can.) and race 56 in

nature. One woul-d expect race 56 Ëo predominaËe at hígher temperaËures

(20o- 25oC) and race L5B-1- (Can,) aË lower terperatures (15oC). The

resulËs also suggesË Ëhat the host, varieties used did noË have much
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influence on the compeËitive abilities of Ëhese races. The study

on the competiËive abiliÈy of normal colored races and Ëhe muËant

showed no effect of temperaËure ofi survival abilíËies. IË seems

ËhaË temperaËure may influerice t,he relative Prevalence of a race

onl-y when cerËaÍn circunsËances exist in Ëhe race Population.

iií) nelationship beËween compeËitive ability and ínfecËion

density

In the above experimenÉs Ëhe predominance of a race may have

resulted from fasËer growËh rate or from superior abiliËy to comPete

for host nutrienËs. Sínce these facËors rnighÊ be distinguishable by

manipulating infecËion density, Ëhey were invesËÍgaËed by comparÍng

races 158-1 (Can.) and 56 f.or compeËiËive ability, raËe of pusËule

gro\ôrth and incubation period on planËs líghtly and heavily infected.

The relaËionship beËween competíËive abilíty and pusËule

densiËy \,Ias invesËígated by inoculatíng seedlings of LíLtle Club and

Red Bobs wiËh mixtures of equal amounts of urediosPores of races

158-1 (Can.) and 56 adjusted to produce heavy infections (more than

l-00 infections per leaf) and líghË ínfecËions (less than 10 infectíons

per leaf). FourËeen uredial generaËions were studied in duplicate

experíments (1 and 2) aX both infecÈion densities at 15o and 20oC.

In ExperimenË 1 Ëhe mixËute at l-5oC on heavíly ínfecËed Little Club

became contaminated at the Bth generaËion and was discarded. After

10 generations on lightLy infected planËs at zOoC race 158-1 (Can.)

was elíminaËed. The results of the two e)cperímenËs \,rere símÍ1ar and

were averaged for presentaËion Ín Table 3a and Figures 8a, 8b, 9a,
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and 9b. Oi1 lightly infecËed LiËËLe Club and Red Bobs race 56

predominaËed over race 158-1 (Can.) at 15o and 2OoC but on heavily

infected Little Club grown at 15o and 20oC race 158-1 (Can.) became

predomínant. Simil-arly on Red Bobs infecËed heavÍly aË 15oC race

158-L (Can.) predominated over race 56, buË at 2OoC race 158-1 (Can.)

and race 56 were abouË equal in compeËitive ability.

I,{hen seedlings of Little Club were heavily infecËed wíth

mixtures of urediospores of races 158-1 (Can.) or 56 and Ëhe grayÍsh-

brown mutanË and grown at 15o and 2OoC, the survíval raËe of races

158-1 (Can.) and 56 gradualLy dirninished from Ëhe lst to the 7Ëh

uredíal generation (Table 3b and Figures 10a and 1La). I{hen Ëhe

planËs were lighËLy infecËed Ëhe survÍval rate of the mutant \¡las

superíor to race 158-1 (Can.) at L5oC buË inferior at 2OoC (Figure

lOb). In mixed infectíons with race 56 at 15oC the mutant survived

well for Ëhe first four generatíons but then gave rÀlay Ëo race 56.

AË 20oC the survival of Ëhe mutant quickLy diminÍshed (Fígure 11b).

The results of Ëhe experÍmenË in which Ëhe compeËitive

abil-íties of races 158-1 (Can.) and 56 were compared aË tInlo levels

of infecËion índicate ËhaË race L58-1 (Can. ) Ís the beËËer compeËitor

when infecËíon is heavy buÈ the poorer compeËiËor when infection is

1ight. The experiment in which the grayísh-bro\,,m mutant was compared

with races L5B-1 (Can.) and 56 províded furËher informaËion on this

point, The reason for Ëhe superior competitive ability of race 158-1

(eaAr) when infection was heavy is noË cLear buË eould be explained

by presuming Ëhat race l-58-1 (Can.) is the sËronger compeËiËor for
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Table 3a. Comparíson of the compeËiËive abiLÍties of races
158-1 (Can.) and 56 on lightly and heavily
infected seedlings of the varieËies LiËËle Club
and Red Bobs.

Number of infections
1) Little Club 1) Red Bobs

Light HeawY Ll-gnE
l5B-1 . 56

GeneraËion Temp.

fcj
t5B-1 z 56 158-1 z 56

Heavy
158-1 z 56

Can. Ca Can

2)
Oríginal
lvfixture

1I

2
J

5

6

I
9

10
11
L2
13
11,

2)
Original
mixËure

1_

2
J
4
5

6
1

I
9

1_0

11
1-2
1_3

1"4

159
++

L75
| /1

4+
237
398

JO

58
6L

377
++
BO

4L9

99 : 136
22.43

L36 i 453
68 ? 3L4
56 z L46
L3:58
48 z 45L
L3 z 320
, . ,7)
1: 45
02222

L76
B3
,1,

77
30
11
65
15

9
9

1-05
103

55
183

139 : L77
76 : 90

108 z 270
70:60

130 z L34
2L9 : 105
259 z 237
254 z 203
L23 : 118
602 57
6:11

2L7 z 232
L95 : 304
lLz : 206
206 : 61-0

15
It

il

lt

1 /,'.)
,) /.

7

56
L37

B5
39

138

40
L7

2

0
L

183
20
51
s4
62
58
69

5

0
1

1/,)

69
15s

85
BB

222
244
75

(+¿+

11

221
177

20
230
467

25L
79

168
L20
186
255
772
L84
357

L9
236

110
51

159
325
L57
L49
L82
L32

50

351
20L
to

l-30
s65

IIO
20
L6
74
3B
JO
/,2

¿o
1B

B

190
59

8

31
3B

Ls4
18
76
48

6
/,1

40
J

1B
11
48

{

1
2

155
83
73

L44
82

376
Rq

JJ
259
133

92
22
82

il

It

tl

It

ff

il

tl

20
il

il

tl

It

tt

il

il

r
il

il

tl

il

tl

il

l4)
71,

LL4
L42
2L9
262
3L4
').1,,

2L1
Lt7
23L
lJo
282
229
L32

248
100
L65
LL6
LY+
200
L34
268
115

6L
L09

95
67
66

1)

2)

if"""y: ffuavy infecËion, Light: Light ínfection

Original mixture used in each Ëest I¡Ias assayed on Mindum at
the temperaËure indicaLed.
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Table 3b. Comparison of the competitive abilities of races 158-1 (Can.)
and 56 and a grayish:bror^n mutanË on lighLly and heavily
infected plants of the varietv LiËt1e Club.

Generation Temp
(oc)

Number of infections
Light

infection
158-1 : Mutant

Heavy
infection

158-1 : MutanË

LíghL Heavy
infection infection

56 : MutanË 56 : MutanË

Oríginal
mixËure

1

2
J

4
5
6
7

Origína1
mixËure

I
¿

J
4

6

7

LJ

ll
tl

B1
203
103

70
255
130
22t
JJ4

4B
330
327
L34
674
506

3L7

35
L25
t7L
278
483
302
250
536

32
82
52
20
79
45
70

6

507
553
267

86
90
/4
22
42

633
295
278
5¿+ I

95
65
t7

3L9

469
TL28
1 809
2285
2650
367 0
2330
3500

649
7L5

L567
23BZ
2000
2920
2590
2970

I23
279
131
305
680
313
615
666

r13
286
353
230
588
547
826
Ll7

r08
270
L27
26r
26I

72
80
48

BO

L69
t4L

35
67
52
T7

3

275
46t
202
, /,o

253
239

35
7)

380
3L6
278
208
2LB
LVO

388
76

503
LL43
1 801
237 0
25L0
3620
zL80
4200

575
946

L6T4-
2820
2roo
2500
3650
3080

il

ll

il

It

tt

20
ll
t,

lr

tl
lr

tl

host. nuËrienËs when the requirement for them is greatesË. Race 56, on

the other hand, is the betËer competítor vrhen infection is líghC and

sËress on Ëhe nuËrient supply is lowest, presumably because it gror¡rs

more rapidly than race 158-1 (Can.) The results of the second

e>cperimenË (Table 3b) suggest that, these compeËitive relaLionships may

be influenced by temperaLure. On lighËly infecË,ed plants race 158-l

(Can.) was a betËer compet,itor at ZOoC than at 15oC
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i)

Spore Viabilitv

Germinability

The viability of Lhe urediosPores produced by races 158-1

(Can.) and 56 was investigaÈed firsË by deËermining Ë,heir germina-

bility. Fresh urediospores of single sPore culËures of each race

r¡Iere seeded on 1% water agar and incubat,ed at room temperature.

The germinaËion rates of three single spore cultures of race 158-1

(Can.) were slighLly higher Ëhan those of race 56 (Table 4).

'-LabIe 4. Germination of urediospores of single spore culLures of
races 158-1 (Can.) and 56 of r¡rheat sËem rusË aË room
ËemperaLure.

Race Single spore
isolate No.

Total spores
counted

Percentage of
germinaLíon

158-1 (Can.)
158-1 (Can.)
158-1 (Can.)

56
56
56

II
X

XI

1V
XI

XIII

1200
1200
1200

800
800
782

94.7
90.6
91 .0

87 .6
84.6
85.7

Differences bet\¡reen single spore culËures of the same race r^7ere not

st,atisËically significanË aË the 5% level, buË Ëhe difference

beËween races was significant at Ëhe 5% leve1. AL Ëemperatures of

50 to 35oC the germinaËion raLes of urediospores of a single spore

culture of race 158-1 (Can.) were slightly higher Ëhan Lhose of a

single spore culLure of race 56 (Table 5). tr{hen Lhe uredíospores of

each were seeded on Ë,he wet under-surface of wheat leaves ín moisË
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petrí dishes for germínation, the germinaËion raËe of both races \¡ras

noË very dífferent (Table 6). IË was frequenËly observed thaË at

about Ëwo hours after seeding Ëhe spores on 1% water agar,

germination of race 158-l (Can.) was slíghtl-y fasËer than thaË of

race 56 (at Ëemperature of 2OoC, L.87" f.or race 158-1 (Can.) and 0.77.

for race 56).

Table 5.

R¿ce

Germinatíon of uredíospores of races 158-1 (Can.) and
56 of wheat stem rusË at seven temperatures.

Temperature
(o.)

Total spores
counËed

PercenËage of
germination

158-1 (Can.)
56

158-1 (can.)
56

158-1 (Can. )
56

1-58-L (Can. )
56

158-1 (can. )
56

158-1 (Can. )
56

158- 1- (can. )
56

10
tl

20
tl

15
il

900
900

900
900

900
900

900
900

900
900

900
900

900
900

30,6
28.9

67 .2
67 .9

70.6
60.0

79.0
76.9

7 5.7
70.6

-71 
'

56.7

0.0
0.0

25
ft

30
il

35
tt

The

race L5B-1

almosË Ëhe

(Can. ) and

resulËs from tesËs on spore germinabíliËy indicate Ëhat

(Can. ) is s1-ightly superior to race 56 on r,r7aËer agar buË

same on wheat leaves. 
_ 
The germinabilitÍes of races 158-1

56 may not be dÍfferenË in naËure. However, if the
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TabLe 6. GerminaËion of urediospores of races 158-1 (Can.) and

56 on the leaves of four varíeËíes of wheat at Ëhree
temperaLures.

Race Variety Percentage of germinaËion
15oc 2ooc 25oc

158-1 (Can.)
lo

158- 1- (can. )
s6

158-1 (can.)

158-1 (Can.)
56

LiËËle Club
rl

Red Bobs
il

l4arquis
It

Mindum
ll

88.6
83.5

BB.7
89. 3

BB "2
86. B

88"8
87 .5

83.5
85.7

86.7
90.4

Bg.3
86 "2

87 .0
58.7

BB.7
90.7

q? 1

90.0

7 6.0
7 6.s

urediospores of race l-58-1- (Can.)

race 56 on Ëhe wheat leaves' race

in infecËíng the hosË PlanËs.

ii) Spore-longevíËy

germinaËe fasËer Ëhan Ëhose of

L58-L (Can.) t"y have an advantage

Fresh urediospores of races 158-1 (Can") and 56 were kepË

separaËely in peËri dishes in growth chambers at 15o , 2Oo, arid 25oC.

The experíment was done in duplicaËe. The results are shown in

Figures LZa anð. LZb. The germinabílity of Ëhe spores of both races

kepË at 25oC was noË much changed after 4 days of sËorage buË after-

wards it reduced quickly. Eighteen days laËer Ëhe germination raËe

of boËh races kept at 25oC r¿as abotL L%. The spores of race 158-1

(Can.) kept at 25oC germinaËed slightLy betËer than Ëhose of race 56

during the first 16 days of storage. The Longevíty of spores of both

races dimínished at abouË Ëhe same raËe when the spores r^7ere sËored at
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15o and 20oC. However, Ë,he spores of race 56 kepË at 15oC germinated a

liËtle betËer Ëhan Lhose of race 158-1 (Can.).

Two mgs of fresh urediospores \¡/ere vacuum-sealed in glass

tubes and the sealed tubes were kepL in Ëhe growth chambers at.15o,

2Oo, and 25oC. The germination of the spore samples was tesËed on 1%

\^iaËer agar atter 0,7, and 42 days of storage. The resulËs given in

TabLe 7, show thaË there was no significant, difference in loss of

viabilitv between the Ëwo races.

Table 7 Longevity of urediospores of races 158-1 (Can.) and 56
sËored in evacuat,ed t.ubes at three temperatures.

Percentase of se,rmination
Days after Race 15B-l (Can.) Race 56
collecLion 15oC zOoC 25oC 15oC 20oC 25oC

0 (Check):t 28.8 28. B 28 -8
7 23 .O 20 .4 20.8

42 7 .6 3.6 r.6

25.0
33 .0

2..0

rq n ,q n

20.8 18.4
1.0 2.0

:k Tubes e><amined immediately afËer evacuaËion and before sËorage
at Ëhe various temperaLures.

These results on spore-longevity indicate that at high ËemperaËure

(25oC) Lhe spores quickly lose theír viability but at moderate and

1ow ËemperaËures (15o - zooc) the loss of víabiliËy is less buË both

races show a similar Lendency.

Infectíve AbiliËv

In the experiments on single spore infecËion, the raËe of

infecLion on LitËle Club seedlÍngs $las Ëhe same (2.3%) f.ot races

l5B-1 (Can.) and 56. FurLher Lests on the infecËiviËy of races

158-1 (Can.) and 56 were made by sprayíng suspensions with definíte
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amounËs (11 or 20 mgs) of fresh urediospores on wheaË seedlings grolmr

at L50, 2Oo, and 25oC and counËing the mrmber of ínfections on Ëhe

pLanËs. The Ínfections of race 56 on Ëhe wheaË varieËies LitËle Club,

Red Bobs , an:rd l4arquÍs T¡rere usual-ly more numerous than those of race

1_58-1_ (Can.) (tabl_es Ba and 8b). The mfirber of infecËions on the

seedlings were differeriË in the wheaË varieÉies tested. lutrarquis

seedlíngs I¡Iere usually more readíly infecËed by both races Ëhan Red

Bobs or Little Club, The Ínfl-uence of temperaËure on infecËíon r¿as

inconsístenË in the first experímenË (Table Ba) but data from Ëhe

second experimenË (Table 8b) índicat,e that 2OoC is more favorable

for infecËion Ëhan 15o or 25oC.

GrowËh of PusÉules

i) SLze of pusËu1-es

The pusËuLe síze (sporuLatíng area) on LitËl-e club leaves

infecËed i.ightly ï,ü'ith each race singl-y and grown aË 15o, 20o, and

25oC was measured wiËh a mícroscope S, 10, and 11 days attet inocu-

lation. The sÍze of each pusËule was cal-cuLaËed from iËs longitudína1

and lateral dimensions. The resul-ts gíven in TabLe 9 show ËhaË the

average síze of pusËules of race 56 grown aX aLL ËemperaËures T^7as

larger Ëhan Ëhat of race L58-1- (Can.) 8, 10, and l-1 days after

ínocuLation. The pusÈule growth of boÈh races was fastest at 25oC

and sLourest at l-soc. In experiment 1, pustules of race 56 were

abouÈ Ëw-ice the size of those of race 158-1 (Can.) at L5oC B and 10
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Table Ba. The infective abil-ÍtY of
ar:d 56. (Inoculumz 20

races 158-1 (Can.)
mgs/50 cc)

ExpË. Race
L) Tç*P.

IIosË Cc)

Average No.
of pustuLes
per leaf

ToËal- No. of TotaL No. of
plants used pusËules

158-L

158- 1
56

158-L
.fo

1-58-1
JO

1_58- L

56

153-1
)o

L53- L

56

L53-L
56

158- 1-

.fo

LC
tc

RB

R3

MA

I4A

LC
LC

RB

RB

IrA
MA

LC
tC

RB

RB

MA

MA

1_5

L5

15
15

15
15

20
20

20
20

20
20

25
25

25
25

25
25

131
L29

86

64
48

135
L27

97
B3

6L
51-

92
Lt6

69
87

1^
1,1

L978
2L64

338
748

843
L286

L796
1513

6L9
L402

135L
L660

70R

1"6L2

4L2
867

'7 Lt

6L2

1q 1

16. B

3"6
8.5

L3"2
t^R

IJ. J
LL"9

6.4
L6 "9

22.L
??5

8"7
L3.9

6.'1,
L0"0

L0.5
l_3.0

II

15B- L
lo

15B- I
)o

158- L
56

1_58-L
56

LC 20

tc 20

R3 20
RB 20

MA 20
14A 20

MD 20
I4D 20

t,'1,

2L
,/,

l_3

20

20
L9

876
L003

277
577

L39
816

LLz
13L

2î I!

JJ"+

12 )
24.0

LO "7
40.8

5"6
6.9

1) LC: LiËË1e Club, RB: Red Bobs, l4A: Marquis, MD: Mindum.
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1AÞIe öb. The Ínfective abiliËy
and 56 (Tnoculum: 11

of races 158-1 (Can.)
mgs/50 cc)

R¿ce HosË
Temp. ToËa1 No. of
fc) planËs used

Total No. of
pustules

Average No. of
pusÉules per
1 aqF

158-1 LC
56 LC

158-1 RB
56 RB

158-1 I4A

56 T4A

158-1 LC
56 rc

158-1 RB

56 RB

158-1 MA-/)o rvll{

158-1 LC
56 LC

158.1 RB

56 RB

158.1 MA

56 MA

15
15

15
15

15
15

')^
¿U

20
¿U

20
20

25
¿)

25

25
25

5B

70

28
29

27
29

o¿
57

26
24

30
32

52
59

27
26

38
38

13
L4

LL2
L76

,o/,
303

L40
367

L65
28B

++J
660

L23
23L

L42
302

2L7
250

0.2
0.2

4.0
6.L

10.9
10.4

)?
6"4

o.J
t2"0

L4"B
20.6

)/,
?o

5.3
LL.6

6.6
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Table 9.

ExpË. Race Days afÉer No.
inoculation

The average size of uredia on rust-infecËed
LiËË1e Club leaves.

TÊ*p.
(-c)

Total No. Average
of plants of size of.
used uredia uredia ("*2)

158- 1

56

158- 1

56

158-1
56

158- 1

56

15
15

20
20

15
15

20
20

x

B

c

B

L0
10

40
50

50
50

50
50

75
207

184
L92

190
2L0

2L2
190

0.05
0.11

n 10

0.40

0.50
1.09

2.47
2 ?/,

50
50

10
1_0

IÏ

158- 1

56

158- 1

56

158- 1
lo

158- I
56

20
20

25
25

20
20

25
25

B

8

8
I

11
11

11
11

20
20

20
20

L7
20

L7
L9

497
376

354
203

235
L92

110
108

rì 70

1.06

0.68

8.67
B. 86

10.96
L7.4L
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days after inoculation. At 2OoC race 56 also had Larger pustules

at 8 days but at 10 days the average size of pustules of race 158-1

(Can.) approached that of race 56. In experiment 2, at 20oC the

pusÈule size of race 56r11 days afËer inoculaËíon,showed the same

tendency in the experimenË 1. The results indicaËe thaË pusËules

of boËh races grow faster aË higher temperatures than at low Ëem-

perature, and that i:usËules of race 56 grow fasËer than Èhose of

race 158-1 (Can.), especially in earLy stages of deveLopment.

iÍ) Growch raËe of pusËuLes

lwo methods were used Ëo invesËigate growLh raËe of

pusËuLes. One lùas a phoËographic meLhod by which parËicular

pusËul-es were phoËographed on every oËher day and Ëhe phoËographs

enLarged Ëo a unÍform magníficaËion, The pusËuLes were Ëhen measured

by means of a pl-animeter" PusËuLes on Ëhe planËs gro\¡7Tr. aË hÍgher

temperaËure could unfortunaËe1-y noË be measured in Ëhis r^;ay in laËer

sËages of growch because Ëhe planËs T¡rere kiLl-ed by rooË roË. The

second meËhod was by measuring parËÍcul-ar pusËuLes wiËh a mícroscope

equipped wiËh an ocular micrometero The resulËs from Ëhe phoËographic

meËhod appear ín Figure 1-3. These show the average size of 5 pusËules

in each raceo Figures L4, 1-5, and 16, based on microscopic measure-

ment, show growLh of individual pusËules and Ëhe average of 5 pus-

ËuLes of races L58-1- (Can.) and 56 at L5o and 2OoC" FÍve pusËuLes

of each race r¡rere measured. These resul-Ës show that Ëhe pusËul-es

of race 56 grew fasËer aË earLy stages of rusË devel-opment buË aË

LaËer stages pusËuLes of race L5B-L (Can") became larger. The time
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required for pusÉules of race 158-1- (Can.) to exceed Ëhose of

race 56 in size depended on the temperaÉure at r,¡hich Ëhe pusËules

greÏ^r. According Ëo the resuLËs from mícroscopic measuremenË, the

pustuLes of race 158-L (Can.) grown at 25oC may become as large

as Èhose of race 56 about L0 days afËer inoculation, at 2OoC about

L5 days afËer ÍnoculaËíon, and at L5oC 26 ð.ays after inoculaËion

(Figure 16), In the daËa from phoËographic measurement, Ëhe pus-

Ëules of race 1-58-L (Can.) grown at L5oC became Larger Ëhan those

of race 56 about L8 days after inocuLation and at 2OoC abouË L3

days 1-aËer (Figure L3).

Íii) Rel-aËionship beËween pusËuLe size and infecËion densiËy

Experiments ori Ëhe reLationship between pustul_e size and

infection densiËy on seedlíngs of tiËËle c1-ub groiøe at 20oc showed

Ëh^aË the pusËuLes were LargesË when infection densíËy r,,ras L to 3

pusËu1-es per 1-eaf (Table 10). Nine days afËer inoculation the

average size of pusËules of race 56 r^¡as always Larger than thaË of

race 158-L (Can.) at aLL levels of infecËion densiËy i.triËh one

excepËion ín experÍment 2" FourËeen days after ÍnocuLation the

pusËuLes of race 158-L (Can.) were becomÍng 1-arger Ëhan Ëhose of

race 56 at aLL pusËuLe densiËies excepË one Ín experiment 2. It

appears thaË race 56 grows faster than race L5B-1 (Can.) during

early stages of rusË deveLopment buË race l-58-1- (Can,) grows fasËer

aË Later sÊages and consequenËLy produces Larger pusËuLes Ëhan race

56.

In experÍmenËs on the compeËÍËive abii.ity of the normaL
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Table 10.

Expt. R¿ce

Relationship between pustule density anrL size of
pustules on Ëhe variety Little Glub grovm at 20oC.

Days after PusËul-e densÍËy ToËal No. ToÈal No. -Ave
ínoculaËion (pustul-es /Leaf.) of uredia of plants síz

u!c

tlìm\"*'

r
e
d
2

éÉY

of
ia
)

158- 1
tt

tt
ll

1_58- 1
il
t1

tl

9
9

9

9

1-
4-

11_ -
3L-

1-
4-

11 -
31- -

tr
4-

11 -
31 -

1-
4-

11 -
31 -

L23
289
779

L8
119
JJ5
778

2B
55

389
237

26
JO

296
391-

9
1-B

L7
L6

10
IO
2L
L6

9

9
9

9

I+
L4
1/,

L4
L4
L4
I+

10
30

?

10
JU

0.39
0.35
0.34
0.22

0.85
0.7 2
0.52
0.29

7.38
J. OJ

1.10
0. 63

7.L3
3.L2
L.02
0.50

)o
il

ff

It

56

'l
tl

|l

J
10
30

10
30

13
9

20
o

L2
6

15
10

158- I
il
t1

It

9
It
lt
It

9
tt
r
ll

.lo
tt

1- 3

4-L0
11-30
31 -

L-
4-

11 -
31 -

1-
4-

11 -
31 -

1-
4-

11II -

31 -

11
55
4L

4L3

18
86
55

370

6
z6

L52
2L8

30
26

286

0.51
0. 4t
0.43
0. 16

0"96
0.58
0.36
0.22

5"38
1. s3
0.75
0.46

2 7q

1. B5
0.72
0.35

6
a

J
1

o

L2
J

6

J

B

ÏI

ll
tl

158- 1
tl
tt
t1

J

10
30

J

10
30

J

10
30

I+
tf

tt

ll

56
|l

n
il

L4
tl

il

il

J
a

2
5
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colored races and Èhe grayish-brordn mutanË, Ëhe sLze of pustules

on Ëhe heavily and lightly infected leaves \^ras measured ín Ëhe

usual way. The result,s shourn in Table 11 indicaËe that at 15o and

20oC the pust,ule sLze of the mutanË T^ras not influenced by Ëhe density

of pustules Lo the same exËent, as races 158-1 (Can.) and 56. Especíally,

Ëhe average size of pustules of Ëhe muËant ín the mixed infection at

10 days aft.er inoculation at 15oC was not changed by infecLion densiËy.

Table 11. The average size of uredia in mi:<tures of Ëhe normal
races and the eravish-bronn mutant.

Race MixEure

_1)rusEule'
densiËy

Temp
(oc)

Average size of uredia tr*r'ï)
norrnal mutant

158-l +
(Can. )

56+

158-1 +
(Can. )

56+

158-1 +
(Can. )

56+

158-1 r-
(Can. )

56+

muËanË

muËant

muf,anË

mutanË,

mutanË

muËant

mut,ant,

mut,anL

T.r'ohr

!t Ërr L

Heavy

Heavy

!rËrrL

T.i oh¡

Heavy

Heavy

0. 16

0.34

0. 13

0.20

0.72

0 .93

0.32

rì ??

1q

15

15

t5

20

zo

20

zo

0. l5

o.r4

0. Ur

0.14.

0.55

0.46

0.28

0.29

1) LighL: less Ëhan

2) Size of pustules
inoculat,ion.
Size of pusËules
inoculaËion.

10 pusË,u1es/leaf , Ileavy:

gro\^in at 15oC was measured

grown at LOOC was measured

more Ë,han IUU/ leal .

LL s4yÞ e!LÇ!

1^ l^--^ ^ç+^-rv u4Jù 4!Lç!



6L

The results on the reLaËionship beËr,¡een pustule densiËy

and pusËu|e size apparentLy indicaÉe thaË pusËule size of races

L5B-L (Can.) and 56 Ís influenced by infecËion densíËy and the

síze Ís reduced gradual-Ly as infecËíon density increases. The

pustule si.ze of race 56 was l-arger than ËhaË of race L5B-L (Can.)

in al-L infection densiËies at 9 days afËer inocuLaËÍon buË L4 days

laËer race L5B-L (Can.) became Larger at al-L level-s of infection

densiËy. The resulËs in Lhe experiment on the grayish-brol¡ln muËanË

and the nor:naL colored races indicate ËhaË pusÉuLe size of the

muËanË is not infLuenced much by ínfecËion densiËy" This fact

suggests ËhaË on heaviLy infecËed planËs the compeËiËÍve abilíËy

of Ëhe muËanË ís not impaíred as much as the comPeËÍËive abí1iËy

of the normal races.

InsuþaËion Ee.riod

To deËermine the incubaËion period, ËhaË isr the time

from inocul_atíon Ëo breaking of hosË epidermis, Ëhe opening of

pustuLes on seedl-ings of titËLe Cl-ub infecËed heaviLy and LíghËLy

i¿ÍËh each race and gror¡rn at 1-5o and ZOoC was observed every day

from 6 Ëo l-5 days afËer inocuLaËion.

Pustules of race 56 broke through Ëhe epidermis abouË Ëwo

days earLier Ëhan those of race L5B-1 (Can,) aË both teûPeraËures

(tab].e LZ). At Lsoc the breaking Ëhe epidermís r,,ras de1-ayed abouË

5 days in comparison r¿iËh that at zOoC. Race 56 and Ëhe grayísh-

brown mutant showed a sÍmilar tendency in the incubation period,
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but Ëhe pustuLes of race 56 opened a LiËtLe earLÍer Ëhan Ëhose of

the muËanË. Generally, pusËules opened earl-ier on Ëhe basal area

of leaves Ëhan near Ëhe tips, and broke Ëhe epíder:rnis earLíer in

heavy infecËion Ëhan in f-ight infection, First opening of pusËuLes

of race 56 r,ras on the fífth day afËer ÍnocuLaËíon at 20oC and on

Ëhe ninth day aË L5oC but ¡iustul-es of race L58-L (Can.) first opened

on the sevenËh day at 2OoC arrð. the eLevenËh aË l-soc. A1L pusËuLes

of race 56 were open on Ëhe fiftàenËh day at L5oC and Lhe el-evenËh

at 20oC, rdrereas, Ëhose of race L53-L (Can.) were open on the

sixteenth at L5oC and Ëhe tr¿eLvËh day aË zOoC" The resuLËs poinË

out cLeari.y that Ëhe incubaËÍon period of race 56 ís shorter than

Èhat of race L5B-1 (Can.) at 1-ow and moderaËe Ëenperatures, In

other words, race 56 can disseminate urediospores earLier than race

lsB-L (can").

Spore Produciqg Abilítv

The spore producing abil-íty of races L58-L (Can.) and 56

was investigated by inocuLating seedLíngs of LitËLe Cl-ub wheaË

f.ightLy wiËh spore suspension with known amourits of urediospores

(7 or B mgs) and coll-ectíng uredÍospores by shakÍng Ëhe planËs and

weíghing the spores" At Ëhe same Ëime, the number of pusËuLes on

Ëhe same plants were counted. The experiments rÀTere repeaËed, The

resuLËs gÍven in Tables L3, L4, and 15 show ËhaË in alL experÍmenËs

race 56 produced urediospores more abundanËLy than race L5B-L (Can")

at L50 and 20oC. The concLusion may be drar,un thaË race 56 produces

urediospores earl-ier and more abundantl-y Ëhan race L5B-i. (Can.) ín

uredía grotün at Low and moderate temperaËures.
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Tabl-e 12. Incubatíon periods of races 158-1 (Can.),
56 and L5 (grayish-brown mutanË)

PercenËage of opened pustules

Temp,
(oc)

Race 158-L (Can,)
1) Eeawyrl lleavy 31

Days Lfght (Base)' (T"p)'Light

Race 56
IIeawy Heavy
Sase) (Top) Light

M¡tant
Ileavy Heavy

þase) (Top)

15

9-
L0 0.0
11 0.0
L2 L2.0
L3 41.0
L4 I J.4

^- 
IIJ Y).L

6 0.0
I L.+
8 40.1
9 6L.4

L0 BB.4
1L 93.9

olo
2.6

?1 q

57 .s
97 .2

L.0
20.5
l¿+. r
85.7
94.s
97.2

- L.7
0.0 5.4
0,4 30.7

tI). J )L+.4
25-9 88.1r:., es .s

0.0 L7 .L
7.0 60.7

43.4 81.0
8r.4 93"6
91.1 97.9
94.3

2.3 0,0
3.6 1 .0

38.9 19.6
83.5 58.8
96.6 90.9
ee.2 r:.t

38.8 23-5
77.6 63.2
92.6 73.L
gB.2 96.9
99.2 98.2

6.; 3,; L.7
6.4 L6.7 t0,8

26.6 89 .4 72.4
Bs.6 98.9 94.2
97.0 100.0 99.6

4.8 7 .8 s.6
57.9 72.3 62.L
87.5 97 -L 93.4
95. 1 99 .3 96.s
98.2 99 .B 98.7

20

1)
2)
3)

Days afËer inoculation.
Base of leaves.
Top of Leaves.

No. of
pusËules
used

The spore-producËf.on of races 158-1- (C"*.)
56 on Líttle Çlub seedlings gror¡rn at 20"C.

IaDIC IJ.

No. of
pLants
used

and

R¿ce

Average No. Total Spore-weighË
of pustul-es/ spore- per uredir:m
Leaf weighL (*e") (te")

15B-1
{can.)

56

1-84

160

LL66

L3t4

6.3

9,8

80. 3

138. 1

0.07

0,09

Wefghed ãt 12 days afËer inoculaËion,
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Tabl-e 14.

1)
R¿ce IIosÈ

2) Total No.
Days of plants

Total No. PusÈu1es/
of uredia Leaf

Spore-weighË/
uredlum (*g")

fhe spore-production of races L5B-1 (Can.) and

56 on dífferent wheaË varieties gror¡rn aË 15"
and 2ooC.

(Inoculum densíty', B mgs/24 pots/BOcc l"/. Tween 20)

Tery.
(oc)

15B-1 LC
(can,)

56 LÇ

158-1 LC

dcan. )
56 LC

158-1 RB
(can. )

56 RB

158-1 RB

(can. )
56 R3

1sB-L MÀ

(Gan. )
56 MA

158-1 MA

(can-)
56 ¡fA

t5

r.)

20

20

15

1-5

20

20

L)

15

20

20

L6

IO

13

l-3

IO

IO

IJ

IJ

L6

L6

13

LJ

100

B4

Áq

B2

87

104

78

67

B9

90

64

68

223

l, Ê'1

368

s04

750

49L

L76

300

LL92

L27 4

6l-s

L035

2.2

5.3

6.1

8.6

/, -7

)?

L3.4

L4.2

9.6

L5.2

0.007

0,046

0.041

0.073

0.006

0.018

0"032

0.066

0.018

0.035

0.027

0.061

1_)

2)

LC¡ Líttle Club, RBt Red Bobs, MAi lufarquis.

Ðays afÈer inoculation.
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Table l-5.

1)
ÌIost

The spore-production
and 56 on different
and 2OoC.

(Inoculum densíËy:
Tween 20)

of races 158-1 (Can,)
varÍeties gro\^7n at L5o

7 mgs/24 pots/8O cc I%

Temp. 2) Total No" ToËal No.
of uredia

Pustu-
I es/

Spore-
T,[eight/

R¿ce c Ðavs of plants u

158-1
(Can. )

56

l-sB- 1
(can- )

)o

158- I
(can. )

56

158- I
{can")

56

l_58-1
(Can. )

.fo

158- 1
(can. )

56

LC

LC

LC

LC

R3

R3

RB

RB

¡fA

MA

MA

T4A

l5

l-5

20

20

1-5

15

20

20

l5

I5

20

20

IO

IO

13

t3

Ib

lo

13

13

IO

L6

L3

LJ

76

87

68

80

R7

98

79

B5

72

70

75

70

B4

95

L23

100

186

o/,

44

L62

650

638

L79

493

'l 1

l.l

I.ö

1?

21

1.0

0.6

10

9.0

9,1

2.4

7.0

0.022

0.026

0.028

0.0s1

0.00s

0.011

0.01-3

0.024

0,016

0.040

0.024

0.027

1)

2)

LGI

Days

titËle Club, RB: Red Bobs, I{A; Marquis.

after ÍnoculaËion.
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Double InoculaËion

The effect of double inoculation by races 158-1 (Can.)

and 56 on survival rate rnlas investigaËed by inoculating seedlings

of Little Club and Mindum wheat, wiËh race 158-1 (Can.) or race 56

prior to inoculation with race 56 or race 158-1 (Can.). Race 56

always produced more infections Lhan race 158-1 (Can.) on double

inoculated leaves (Table 16) . In experímefits 1 and 2, at 15o and

ZOoC, race 56 infectíons T¡7ere more numerous r¡ihen plants were

inoculated first with race 56 than when they \^7ere inoculaËed fírsL

with race 158-1 (Can.). However in experiments 3 and 4, the number of

infections of race 56 on Ëhe leaves inoculaËed with race 158-1 (Can.)

prior to inoculation with race 56 was greater Ëhan those of race 56

on Lhe leaves inoculated wiLh race 56 prior to ínoculation wiËh

race 158-1 (Can.). The results wiËh LiËLle Club were very símilar

t,o Lhose with l"tindum. Evidently, Èhere \¡las no anËagonist,ic effecL

between races 158-l (Can.) and 56 of. wheat stem rusL.
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Table 16. Result,s of a tesË
(Can.) and 56.

for anËagonism between races 158-1

E>pË. Temp.
(oc)

Inoculation
FirsË Second

1)Ð
Itme NumDer oI KaË,ro oI

(hours) infecËions survivals
158-1 : 56 158-1 : 56

¿v
tl

15
tl

ll

t5
rt

ll

tl

20
tl
It

il

158-1
56

158-1
56

158- 1
56

158- 1

56

158- I
56

158- 1+56

158- 1
56

158- 1+56

158-1
56

158- 1+56

158- I
56

158- 1+56

56
158-1

56
158-1

56
158- I

s6
l5B- 1

56
158- I

158-1+56
56

158-1

158- 1-¡-56

56
158-1

158- 1+56
56

158- 1

158- 1+56

24
tf

tl

tl

82
L2
52
46

L42
L02
111
60

9L
198

+J
207
, /,4

L25
150

34
3B

4
15
44

238
39
L9

707
2B
59

L07

L70
16r
150
LO2

4L3
2L2

72
B9

410
296
191
260

L25
73

6
¿v

¿¿J

232
46
45

1

1
1
I

I

I
1

I
1

1I
1
I

I
1
1

1
1

1

1

I
1

1

1

I
I
I

I.J

2.3
1.1
L.5

r.z
\.6
1?
L.7

1.1
1?
10
2.O
L.2
1.5
L.7

3.7
'to

r.4
5'l
1

L.2
2.4

rlI

/u-
tl
rl
ll

t/,
il

tl

tt

tl

lr

tl

It

20
tl

I]

IV 48
It

tl
It

tt

tl
tl
tt

ft

tt

20
tl
tl
tl

1) Time beËween the first and the
2) Nunber of infections on mindum

second inoculaËíon.
leaves.
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DISCUSSION AND CONCLUSIONS

Previously Ínvestigators have reported on the basis of

field survey thaË in NorËh America the predominance and distribu-

tion of physiologic races of wheat stem rust, P - graminis f. sp.

tritici, have varíed year after year (9, 13, L4, 16, L7, I8,22'

24, 25, 2J, 28, 29, 30, 3L, 32, 33, 42, 44, 45, 50, 5L, 52, 53, 54'

55). They suggesËed that, causes for predominafice of physíologíc

races of Wheat sLem ruSL in nature may be seasonal temperature

(52), disËribuLíon of wheat varieties (24, 54), condíLions affecËing

the winter survival and subsequenË developmenË and dissemination of

inoculum of differenË races from Ehe far South (55), and Ë'he rela-

Ëive amounts of different races produced on barberries and dissemi-

nated from them (42). I,üaËson (59) concluded from greenhouse experi-

ments that predominance of a race depends on Lhe amounL and character

of each rus¡ race presenL in Ëhe mixLure, the variety and Lemperature.

Loegering (38) suggested thaL Lhe corlcurrence of a number of rela-

Ëively minor factors may bring about cumulative results when operaËing

Ë,ogether for several successive generaËionsr êveo Lhough theír effecLs

might noÈ be apparenL in a single generation and that a combinaËion

of relaLively minor ecological f actors , I¡lhen operaLing LogeËher,

affect t,he suecess or failure of physiologic races in naLure.

CompeËitive ability:

In the e><periments on competitive ability of races 158-1 (Can.)

and 56, predominance of a Tace in mixed infecLions rlas greatly in-

f luenced by temperaË,ure. and pustule densiË'y. Race 56 genetally predo-
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minaËed over race 158-1 (Can.) ín the mixtures aË higher Ëempera-

Ëures but noË aË low temperature Sigures 3, 4, and 5). In other

r¡rords, race L58-1 (Can.) is superior in competiËive ability aË low

ËemperaËure. Stakman eÈ al-. (52) reported ÉhaË race 56 could com-

peËe very effecËÍvely with other races when Ëhey ü7ere associaËed

Ín cul-ture at high temPeratures. This fact agrees with the present

experimentaL resulËs. I{aÉson (59) observed Ëhat ËemperaËure was

found to infLuence the varieËy on r.vhich a mixËure r,ras grown and

in this rrray Ëo affecË the finaL composition of Ëhe mixËure of wheaË

stem rusÉ races. However, ThursÈon (56) reported that Ëests aË tüio

different Lemperatures revealed vêry little difference in the finaL

proportions of races of PhyËophËhora infesËans Ín mixture. The

difference betr^7een Ëhe resuLËs menÈioned above may be due Ëo

differenË fungi and the combination of races tested. It can be

concluded from Ëhese studies that Ëhe competiËíve abiliËy of races

ís infl-uenced by temPeraËure but Ëemperature effecË may dÍffer in

dífferenË combinaËíons of mixed races.

In Fígure L7 an aËËempt has been made Ëo rel-ate Ëhe mean

temperatures in l4anitoba for June, July and AugusË (4, 5) with Ëhe

relative disËribution of races 153 (inc1-udíng sub-races), 1-58-L

(can,), and 56 in t4anitoba f.rom L949 to L964 on Ëhe assumption that

the data obtained from the isol-ates of races L58-1 arrd 56 sËudíed

(13, L4, !6, L7,18, 24,25, 27,28, 29,30, 31, 32,33, 44, 45,50)

are generall-y applicabl-e to these races as they appeared in the

fieLd during the períod mentioned above.

It appears Ëo be significant thaË the Ëwo years of excessivel-y
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low sunrner ËemPeraËure, 1950 and l-951, are the years in which race

158 became the predominanË stem rusË race. IË may also be signifi-

canË Ëhat Ëhe three years of excessiveLy hÍgh temperature, 1955-L957,

are years in which race 56 made a gradual recovery from Íts exËreme

low incidence during the years L952'L954. Again, it may be sígnífi-

canË ËhaË race 56 rose once more to high predominance during the

ï7arn sr¡mners of L959-L96L when the incidence of race l-58 was low.

In the present investigaÊÍon, pusËule densiÊy on Ëhe hosË

variety had a remarkabLe effecË on Ëhe comPeËiËive abilíty of races.

The resul-Ës show that aË 15o and 20oc race 158-1 (Can.) in mixed

infectíons on heaviLy infecËed pLants predominaËed generalLy over

race 56 (Figures 8a and 9a), whereas race 56 was more prevalent in

mixtures on líghtly infecËed leaves of LÍttLe club and Red Bobs

wheat (Figures Bb and 9b). In the experimenËs on Ëhe competitíve

abiliËy of a grayísh-brown mutant and normaL coLored races, Ëhe

infecËÍon densiËy aLso affected Ëhe competiÈive abílity of the

races @igures L0a, Lob, 11-a, and 1Lb), Previous reports regarding

Ëhe competiËion beËween races have not deal-t much with pustule

densiËy on plants. Loegering (38) onLy mentioned that Ëhe average

number of infecËions per leaf of differential hosË l¡ias aPproximaËe1y

40. The infecËion densitíes used in the present sËudy \^7ere less

than 10 pustules per Leaf as LighË infections and more than 100

pusËuLes per leaf as heavy infections. A possible expl-anation of

Ëhe superíority of race 1-58-1 (Can,) is ËhaË its abil-iËy Ëo Ëake

nuËrienËs from Ëhe hosË infected heavily wiËh Ëhe mixËure may be

greaËer than thaË of race 56, while on LighËl-y infected p1-anËs the
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abílíËy of race 56 may be greater.

The competiËive advantage shown by race 1-58-L (Can.) over

tace 56 ín Lhe ¿þs\¡s-mentÍoned exPeriments under condítions of

heawy ínfecËion raises the questíon of what advantage Ëhis would

confer on race 153 under natural conditions if the behavÍor of

Ëhis race in Ëhe experiments is applicabl-e Ëo race 158 Ín Ëhe field.

It wouLd be expected that in the initial- stages of an

epidemíc race 56 would develop more rapíd1-y on varieËies susceP-

Ëibl-e to boËh races. However, when pustul-e densiËy reaches a faírLy

high Leve1 it is like1-y Ëhat race l-58 would increase aË a greater

rate and assume predominance by Ëhe Ëime rust Ínfection had reached

an epídemic level.

Such a competíËive advanËage could not be the reason for Ëhe

hÍgh preval-ence of race 153 in I'la.nÍËoba and Saskatchewan because

most of Ëhe wheat varieties grown in thaË area are f,aírLy resistant

Ëo race 56 and mosË races oËher than race l-53. BuË iË could be Ëhe

reason for prominence of race 158 in epidemíc years in areas farËher

souËh where varietÍes susceptible to boËh races 158 and 56 have

been grown. As Ëhe racial composiËion of an epidemíc is largeLy

determined during its northward progress Ëhrough the Mississippi

vall-ey any compeËÍtive advantage that race 158 mighÈ have Ín the

Great Plains regÍon farËher south would be refLecËed in Ëhe race

dístríbutíon in l,rlesËern Canada.

The host varíetíes used in the investigatíon infLuenced

only slightly the compeËitive abÍLity of the races (Figures 3 and 5)

the chief effect being on relatÍonship beËween pusËul-e densiËy and

Ëhe competiËive abilíËy @ígures 8a and 9a).
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Ïn early works on comPeËition amorLg races of the rusts'

effect of hosË variety on comPetiËive abÍlíty was shor'rn (38' 59)'

Innature,thehosËvaríetiesmayconÈribuËelargelyËoshiftsin

Ëhe re].ative prevalence of rust races (24, 3s). obviousl-y, a race

cannoË become preval-enË unless iË can atËack hosL pLants' An

interesËíngpoínËinËhePresenËexperimenËS\^IaSthaËtheraces

showedËhesamecompeËiËÍveabiliËyonluftlrquiswheatwhichshows

4- type of rust reaction Ëo race 158-1 (Can') and 3f type to race

56 as on LiËËle club wheat, which shows 4 type reacËion to both

races (Fígures 3 and 4). Therefore, ít may be supposed Ëhat a

s1-íght difference in susceptibil-ity of wheat varieties Ëo races

may noË much influerlce the competitive abiliËy of the races'

ÏnordertoexplainËhecausesofpredominanceofarace'

Ëhebehaviorofracesl5B-1(Can.)and56wasstudiedinrelaËion

to spore-germinabílity, spore-longeviËy, host infection' gror¡lth

of pusËules, incubaËion períod, sPore-producËion' nutrient effect

onrusËdevelopmentanddoub].einocu]-atíon.TheseaspecËSofËhe

problem wÍ11- be discussed in Ëhis sequence'

Germinabil-itY:

ïË seems that urediospore germinaËion and germ tube growËh

may be facËors in competíËion betr¡een races in the uredial stage'

Arace,r,droseurediosporesgerminaLefasteronËhehostplanËsand

have a hígher rate of germinaËiofi, may have an advanËage in establish-

ment of infecËion in the hosË planËs over oËher races which germínate

sl-owly and have inferior sPore-germínation'
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In germination Ëests on L% water aga:r, urediospores of

race L5B-1 (Can.) germinated s1-ightly betÈer and fasËer than Ëhose

of race 56 at several differenË temperatures (tatfe S). A Ëempera-

Ëure of 2OoC i¿as mosË favorabLe for germinaËion on Ëhe water agar

for boËh races. UrediosPores of both races, however, germinaËed

equalLy weLL when the spores \^lere seeded on the wet under-surface

of wheaË leaves. casselL (7) observed Ëhat spore gerTn Ëubes of

race 56 deveLoped fasËer Ëhan Ëhose of aLl- oËher races ËesËed at'

20oC and race 56 r,7as next Ëo race 36 in abiliËy Ëo develop at high

Ëemperature and was Ëhe l-easË adapËed Ëo coLd, These resulËs are

in agreement with Ëhe presenË sËudies ín whích race 56 became

predominanË over race l-58-1 (Can.) in mixed infecËions aË higher

temperaËures (Figures 3, 4, and 5). However, Line and Sugbee (!37)

concluded Ëhat the aggressiveness of race 56 musË be due Ëo factors

oËher than Èhe abiLity of urediospores Ëo germínaËe aË low Ëempera-

tures. In the presenÈ study, germinabil-iËy of races 158-1 (Can.)

and 56 was not much dífferent on \^7eË leaf surfaces over a range

of Ëemperature. Therefore iË may be concluded thaË germinabiliËy

díd noË greaËLy influence competiËive abiLiËy in this invesËigaËi-on.

Spore- Longevity :

Spore-longeviLy may be one of factors affectíng predominance

of a race in nature. A race with greater sPore-longeviËy may have

an advanËage in ínfecting hosË pLants in naËure. Spore-longeviËy,

however, T¡las not a facËor in this investÍgatÍon on the compeËíËion

beËween races because fresh urediospores were aLways used as exPeri-



menË41 material-.

TnfectivÍËy:

The infecËive ability of races 158-1- (Can.) and 56 to

LÍËtle Cl-ub wheaË appeared to be Ëhe same in the experimenË on

singLe spore infectÍon buË the infection rate was very low (2.3"L).

The percentage of rust urediospores Ínfecting the hosË have been

reporËed variously as 0.7 by Petersen (43), 1 by Levine (36),

4.5-7.3 by MiLLer (41), 5-10 by RowelL et al-. c49) and BB by Durrell

and Parker (L1), Some of Éhese results are in agreemenË wiËh the

Low ÍnfecËion rate shown in the experímenË on single spore infection

in Ëhis study.

InocuLum density musË be consÍdered in this kind of experi-

menË because geÍr.eraL1y as ínocuLum densiËy is increased Ëhe number

of uredia on leaves increase Línearly untiL a point ís reached

beyond r,rhich íncreases in inocuLum densiÉy have no effect on the nurnber

of uredia (L0, 48). In the present experimenË, inocuLum densiËy

was moderaËe (number of infections were 2 to 30 per l-eaf).

The present studíes showed ËhaË infecËíve abiliËy of race

56 was greaËer than thaË of race 158-1 (Can.) on the wheat varieËies

tested (tab1-es Ba and 8b). Previous rePorËs have indicaËed ËhaË

races L7 and l-47 caused fewer infecËion cenËers on l"trarquis, ArnauËka,

Einkorn, and vernal- i,uheat varieties than did races l-9 and 56 (59),

and thaË infectíve abíLíËy of varieËíes Ëo a race may differ (8, 20).

In Ëhe present experíment, the seedlings of l'{arquis rrrheat were

generalLy the most highly infecËed by boËh races and Éhe Mindum

varieËy rnras the LeasË"

75



76

InËhisexPerimen'Ë'corre].ationbeËweenthenumberof

uredÍospores and spore-weight of each race vlas fioË invesËigaËed.

Therefore, the infective ability of boËh races mentioned above uright

be over- or under-estimaËed if Ëhe number of urediospores in a

definiËe spore-weight differ in the ËI¡7o races. HovTever, in the

absence of evidence that races differ in Ëhe mass of their ure-

diospores this possibíLiËy is ignored in the interpretaËion of the

results obËained here.

The infecËívity of races was slighËly ínfl-uenced by Ëempera-

Ëure in some e)cPerimenËs (Tables 2, Ba, and 8b)' In general' Ëhe

higher Ëhe temperature at whích seedlíngs ínfecËed wíth each race

were kepÈ, the fewer pusËules developed on the pLanËs. OÈher

sÈudies (28, 35, 40) have shown ËhaË races of wheat stem rust

differed ín abiliËy to produce infectíons on host planËs aË low

Ëemperature (40) and at high Ëemperature (26). Cassell (6) reported

thaË race 36 caused the heaviest infection at moderaËe to Low Lem-

peraËure whi1e race 56 caused the heavíest infectíon aË moderaËe

Ëo hígh Ëernperature. This evídence supporËs the present Ínvestiga-

tion on the competitive abí1-íty of races L5B-1 (Can.) and 56, in

which race 56 was predominanË over race 158-L (Can') at high

temperature. The ímportance of the hosÊ varíeËy-rust race cornbína-

Ëion in assessing Ëhe effecË of Ëemperature has been poinËed out

(L5) but in thís investigation race 56 was usual1-y superior in

infecËive ability on al-l- the hosË varietíes aÉ low, moderate, and

high temperatures.

The facË thaË ísolates of wheaË sËem rusË can be selected
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for abílitíes to germinaËe, to infecË, and to develop aË low

temperature (47) suggesËs that the abiliËies are geneËícally

conÈrolled and therefore would be factors in the natural selec-

tion of ËemPerature-adapted sËrains.

GrowËh of Pustules:

The initiaL growth of pustules of race 56 vras faster than

that of race 158-1 (Can.) at three dÍfferent tenperaËures (Figures

13 to 1_6). At laËer stages of development Ëhe pusËules of race

1-58-L (Can.) were larger Ëhan those of race 56' The pustule síze

of race 158-1- (Can.) exceeded that of race 56 sooner aË high

Ëemperature than aË low Ëemperature. The raËe of pusËule develop-

ment at early sËages wouLd influence compeËÍtíon between races.

The race which grew fasËer at earLy sËages of pustule developmenË

may be a betËer compeËiËor Ëhan another race which grew slowly

because of its more rapid producËion of sPores '

Rapíd sPore production may be one of Ëhe causes for

aggressiveness of race 56 in mixed infecËions. In the experimenËs

at higher ËemperaËures Ëhe mixed spores were colLecÈed 14 days

afËer inoculation in each uredial generation. AË thaË Ëime, each

pustuLe of race 56 was Larger than that of race 158-1 (Can.).

Infection densiËy evidenËIy infl-uenced the pusÈule size in

boËh races (Table 10). Yarwoodr s finding (62) ' thaË the diameËer

of mycel-ium and sporul-aËíng area of pusËules of Uromvces phaseoli

decreased as Ëhe number of pusËu1-es Per uniË area increased,

compleËeLy agrees wiËh Ëhe result in Ëhe PresenË study' The
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experiment on relatíonship beËween pusËule densíty and pusËule

size also showed that at the fÍrst stages of rusË developmenË

race 56 grew faster than race L5B-1 (Can") buË race 158-1 (Can.)

grew fasËer Èhan race 56 at laËer stages of growËh. The experi-

ment on effect of infecËÍon densíty on the compeËítive abiliËies

of races 158-1 (Can.) and 56 índicated thaË at high pusËule densiËy

race 158-1 (Can.) generally predominated over race 56 (Fígures Ba,

8b, 9a, and 9b), ThÍs resul-Ë cannoË be explained clearly by the

observaËions on the relaËionship beËween pustule densiËy and

pusËule size. However, the results (Table 11) on Ëhe relaËionship

between ÍnfecËion density and pustule size in mixtures of normal

colored races and the grayish-broTrn muËant índicate ËhaË when

infecËion density is great the average size of pusËules of race

158-1 (Can.) grown at ZOoC was almosË Èhe same as thaË of race 56

buË race 56 produced larger pustules than race 158-1 (Can.) i,¡hen

infection densiËy was 1-ight. This finding may explain the hígh

prevaLence of race 56 under condiÈions of light Ínfection.

Incubation period:

The incubatíon period (the tÍme beËween ínoculaËion and

breaking of the hosË epidermis by Èhe rust) of race 56 r¿as shorËer

Èhan Ëhat of race 158-L (Can.) at 15o and 20oC (Table 12). In

general, the incubaËíon period of race 158-1 (Can.) was about two

days longer Ëhan thaË of race 56. The opening of pustules aË 15oC

r¡ras a few days laËer than at 20oC. The results indicaËe Ëhat

different races differ in incubation period. This may be an
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important factor for predominance of a race because the race with

the shorter incubation period can dissemÍnate uredÍosPores more

rapidly afËer infectíon. I,rÏhen pusËules first break the epidermÍs

and when all pusËuLes fÍnal-l-y break out depend on the temperature at

which pLanËs are gro\¡Ilt and the infecËion densiËy and ínfection

posiËion on Ëhe planËs. The results of Ëhe presenË sËudíes and

Ëhose of Yarwood (ç62) showed thaË pusËules opened sooner in heavy

infectíon than in light ÍnfecËíon. This fínding indj.caËes thaË a

race disseminaËes urediospores rapÍdly when heawy infecËion occurs

on hosË plants. The rapíd disseminaËÍon of uredÍospores, which is

closeLy relaËed Ëo 1-engËh of incubaËion period and to growth rate

is, Èherefore, orte of the ÍmporËant factors for predominance of a

race.

Spore-production :

The abiliËy to produce many uredíospores is one of most

imporËant factors for competiËion with oËher races. The fínding

(Tables 1-3, L4, and 1-5) that race 56 usually produces more uredio-

spores than race 1-58-L (Can.) agrees wiËh the observaËÍons demons-

ËraËing Ëhat race 56 grows fasËer Ëhan race 158-1 (Can.) and has a

shorter incubation period, InvesËigations regarding relaËionships

between urediospore producËion and humidíty, pusËule density, and

age of infecËion (62), the number of urediospores per uredim (2,

22r 51-), and rate of spore productíon (9r 12) were rePorËed. Ilow-

ever, Èhere r¡ras rio informaËion concerning Ëhe relative sPore

producing abiliËies of different races of wheat sËem rusË.



BO

Double inoculaÈion:

There T¡ras no anËagonisËic effecË between races L58-1 (Can.)

and 56 (Table 1_6) in the experimenË reporËed here, Previously,

acquired immunity Ëo a race of llromyces phaseoLi (60) and antagonis-

Ëíc effecË of filÈrates of bporangial suspensions of PhytophËhora

ínfestans (56) have been reported buË no anËagonÍsËic effect was

observed between races of wheaË sËem rust (3). The most interesËing

reporË regarding thÍs ÍnvesËígaËion is Yarwoodr s (60). He observed

that Ëhe Ëissue adjacenË Ëo Ëhe old infection did not become

diseased. The zone of inhibition was wider distally Ëhan proxímally

from Ëhe infecËion atea, and its widËh varíed dÍrectLy wiËh age of

the first infecËion. The average disËances in milLÍmeËers for total

and parËial Ínhibitíon in one test were 0 and 0 when Ëhe second

ínocuLaËion followed the first by 2 days, I and 10 aË 5 days and

so on. The present experímenË did not show any effecË of one race

on the other. Possibl-y Ëhere.'ís no anËagonistíc effecË, or Ëhe tíme

elapsing beËween the firsË and second inoculaËions l¡7as noË suitable

for demonstrating iL.

Finall-y the resul-Ës from al-L the experímenËs in Ëhis sËudy

are slnunarízed in Table l-7. The Table shows Ëhat race 56 of wheaË

stem rusË ís superior to race 153-1 (Can.) in various abiliËies,

buË inferior in a few characters. InfectíviËy, growËh of pusËules,

spore-producËion, and competiËive abiliËy may be Ëhe mosË important

facËors infLuencÍng the predominance of races 158-1 (Can.) or 56.

Race 56 appears Ëo have superior capabilíËy in each of Ëhese factors.

The predominance of a tace in a populaËion under artificial
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and naËural- condiËions correlaËes cLosely with the abil-iËy of

urediospores Ëo germÍnaËe on the hosË; to mainËaín spore viabilíËy;

Ëo infecË a host; to aËËack resistant varieËies; to compeËe for hosË

nutrienËs (reLated with ínfecËion densiËy); Ëo grow rapidly on Ëhe

host; Ëo produce many urediospores; and Ëo disseminaËe spores

w-ideLy. These abiliËíes may be affecËed by temperaËure, other

meteorological factors, hosË varieÉy and the rusË iËself.
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Experiments

Table 17. Sunrnary of the experimenËs

Race 158-1
(Can. )

56

Spore germÍnaËion on r¡Iater agar

Spore germinaËion on wheat leaves

Spore l-ongevity

Síngle spore infecËion

Infectívity

PusËule growth at early sËages

Pustule growth aË later sËages

Spore-productÍon

CompetíÉive abíliËy at low ËemperaËure

CompeËitíve abiliËy at hígh ËemperaËure

Competitive abil-ity aË f.ight pusÈule densiËy

Competítive abÍLíty aË heawy pusÈule density

-r

-r

+

+

+

+

J-. Superior
Equal
Inferior
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