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EV ALUA ~ION OF PUCCIN l 1\ CENIAUREAE OC. AS A BIOLOGICAL CONTROL 
AGENT OF SPOTTED KNAPWEED <CENIAUREA nACULOSA LAM) . 

Spotted knapweed i8 a noxiOU8 introduced ... eed, 

d~t:ficul t ta control ",ith chemical, cultural, or managerial 

me1..hods. One speCles ot: autoec1èrus ruat f'ungi collected on 

spotted knap",eed vas lnvestlgated as biologlcal control agent. 

A total of 106 rust col1ecilons was made during a survey ln 

Eastern and Central Europe ln the Bummer of 1982. The material 

was Bent to the plant guarantine facll i ty of Macdonald 

College. F'or1..y-eight rust collections ... ere virulent on North 

American spot1..ed knapweed. The most virulent rust isolate 

collected in RomBnia, identified as Puccin18 centaureae OC., 

... as able to infect 25 Centaurea species and also ArrLbeÔlQg 

moschata (L. ) OC., Carthafuus tinctoriu6 L., and 

benedict us L. Dl.fferent le 'els of reslstance were observed ln 

many safflower cul tivars. Three spotted knapweed rust 

collectlons dld not diff'er l.n virulence ta fl.ve safflower 

cul tivars. M6rphological studies showed appreclable 

dlft:erences, ln urediniospore shape and ornamentatl.on of .f.. 

centaureae, ..e. ~~ Otth, and f. carthami Cda. 
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ÉVALUATION D' URIDINÉ~S COMME AGENT DE LUTTE BIOLOGIQUE 
DE LA CENTAURÉE MACULÉE (CENIAUREA MACULÇlSA LAM. ). 

La centaurée maculée est une mauvaise herbe introduite 

d'Eurasie diffl.cile à réprl.mer par les méthodes chimiques et 

culturales. Une rouille auto1que s'attaquant ~ cette plante 

en Europe a été évaluée comme agent de lutte biologique. Un 

total de 106 échantillons de roul.lle ont été prélevés sur la 

centaurée maculée en Europe Centrale et de l'Est durant 

l'été 1982. Les speclmens ont été envoyés au centre de 

quarantal.ne du Collège Macdonald. Quarante-hult échantl.llons 

de roul.lle se sont avérés vlrulents sur la centaurée maculée 

de L'Amérique du Nord. L'isolat le plus virulent, provenant 

de Roumanle et ldentl.f1é PUCC1nl.a centaureae DG., a aussi 

infecté 25 autres espèces de Centaurea ainsi qu' Amberboa, 
,~ ' .... .1. 

?" ~,! 

moschata (L.)DC. Carth~mus t1octorius L., et enicus 

beOed 1Ci.US L.. Divers nl.veaux de réslstance ont été 

identlfÜ~'s chez le carthame (Carthamus tl nctor i us). Aucune 

différence au niveau de la virulence a été observée entre 

trOl.B l.~olats de roul11es lnoculés sur cinq cultivars de 

carthame. L' ét ude de la morphologle des urédiniospores a 

perml.S de déceler des dlfférences entre P. centaureae, ..E: 

J aceae Dt th ) et P. cart hami Cda. 
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CHAPTER I. INTRODUCTION 

Biological weed control may be defined as the 

deliberate use of natural enemles to reduce weed ~ensity ta 

tolerable levels (Huffaker 1857). The recent progress and 

level of~nterest in biological weed control Buggest that this 

strategy be now considered as an lmportant component of weed 

control programs (Andres et al. 1976; Batra 1982; Schroeder 

1983) ~ ThlS method lB most attractlve for weeds showing 

resistance or tolerance to herblCldes or in cases where the 

costs of chemlcal control lS prohlb~tlve. 

Although phytophagous lnsects have malnly been used 

in biological weed control (Anan. 1968) , there has been an 

increaslng interest ln the use of plant pathogens as 

biocontrol agents of weeds (Freeman et 
) 

2ll.. 1978; Hasan 1980; 

Inman 1971; Templeton and Smlth 1977; JWilson 1969). Strategy 

for bl010g1cal weed control wlth plant pathogens lncludes a 

classic and a bioherbicldes tactlc (Templeton and TeBeest 

1979) . The bioherbicides tactic utilizes microorganlsms as 

herblclde through mass lnoculatl0n on the targe\ weed ln a 

manner siml1ar to chemlcal herblcldes . The classlc tactlc 

involves the lmportatlon and release of exotic plant pathogens 

'>-
on allen weeds, where the control of the target weed lS 

dependent upon the self-perpetuatlon and natural dispersal of 

1 , 

/ 
/ 

/ 
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the pathogen. This tactlc lS more'sultable for control of 

perennlal weeds ln arei'lS sur::h as rangelands, waterways and 

forests (Tpmplctnn and Smllh 1977). Procedure~ ln the claS31C 

tactlc are; 1. determlnlng the SUlt.dblllty of the target weed 

for b~010glcal conlrol; 2. forelgn sur veys; 3. selectlon of 

sUltable and effectlve agent.s; 4. host speclflclty tests; 5. 

releBse and establlshment of the agent; 5. evaluatlon of 

efficacy of the agent (Harris 1971). 

A program was l~ltlated ln 1965 for the biologlcal 

Ci.ontrol of spot ted knapweed (Centaurea maculosa Lam.) (Zwolfer 
Il 

1965) . ThlS weed lS SUL table for the classic tactlc of 

biological weed control because lt is an introduced perennial 

plant speCles from EuraslR formlng extenslve lnfestatlons in 

rangelands and pastures of west~rn North Amerlca and is 

dlIIlcult ta control by chemlcal,cultural and manager laI 

methods (HarrlS and Cranston 1979). Four phytophagous lnsects 

were lntroduced on spotted knapweed in North America, but only 

two seed-head ga11 fIles Urophora afflnis 'Frfld. and g. 

guadrlf~sclRta (Melg.) have establlshed successfully (Harrls 

1980a, b). A1though both fl~es spread rapldly and reduced seed 

productlon of spot ted knapw~ed, they have not reduced the 

denslty of the weed t.o a satlsfactory level, and other 

biocon:~ts 

(Ha~r~s 1980a, b; 

will be requlred for successful 

Maddox 1982). 

Rust fungl have 

biocontrol agents of weeds 

~ . 

effectlve p/oven to be 

(~asan 1972, 1974a; Oehrens 

\ 

control 

safe 

1977 J. 
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Puccinia chondrillina Bubak & Syd., an autoecious rust fungus 

imported from Italy for the biologlcal control of skeletonwe~d 

Juncea L.) ln 

reduetion HI the denSl ty of 

Australla, caused a slgnlflcaqt 

skeletonwee~~hortlY aiter lt was 

released <Surdon ~~ 21. 1'381; Hasan 1972, 1974a) . Virulent 

etrains oi P. ehondrillina were also lntroduced and released 

in western United States where the rust became established 

and rapldly spread to uninoculated are,as (Emge et 1Ù,. 1981> . 

In its natlve range, spotted knapweed ia also attack 

by autoeelous, macroeyclic Pucclnla rust specles VhlCh have 

demonstrated a certain level of host speelalization (Gaumann 

1959; Guyot 1957; Jacky 1899). These rusts are SUl table for-

investigatlon as possible bl0control agents oL spotted 

knapweed in North Amerlca. 

The flrst obJective of thlS study was to collect 
/ 

viable urediniospor.es of rust fungi attacking spotted knapweed 

in lts natlve range and to lmport thlS material into Canada 

for further study in quarantlne facilitles. The second 

obJective was to .. determine the pa thogenicl ty' of the rust 

collect 10ns on North Amerlcan spotted knapweed, select the 

moat vlrulent lsolate and eonduct host Rpec1flcity tests. 

F~nally, as a complementary sludy, the taxanomlc position of 

\the spbtted knapweed rusts was determined in eonnection wlth 

morphologieal features of uredlniospores' and host range 

etudies. 

.-
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CHAPTER II. BI8LOGY O~ SPOTTED KNAPWEED 

2- l NAME 

Centaurea maculosa Lam.---spotted knap~eed (Canada 

(JI 
Weed -Commi ttee 1969); centaur~e maculée, centaurée tachet~e 

( Ferron and Cayouette 1964)--- is a member of the sub-tr~be, 

Centaurlnae Dumort the Cynareae Casso tr1be of" the 

Asteraceae faml1y (D1ttrlch 1977). It belongs ta a complex and 

not weIl d~ff"erent1ated group of specles of the 'sub-genus 

Acrolophus, secllo~ Maculosae (Dostal 1976). The systematics 

o:f this spec1es group JS not clear and the use of rather 

plastic characters ln def1ning taxonomic units has led to the 

~ 
descrlptlon of many lnfraspeciflc taxa by various European 

botanists. Consequent Iy, taxonom1.c uncertaintles concern~ng 

the European formes) of ~. maculosa eXlsts ln the literature. 

Sorne authors use t~e prlor name ç. stoebe L., WhlCh 

may or may not apply (BeLdle 1977; Hayek 1931). Rouy and Camus 

( 1901 ) treated ,Ç.. maculosa and se ven other speCles as 

Bubspecies of ~. panlcul a ta L.. Heg~ (1912) descrl.bed three 

European subspecies of k- maculosa Lam. ; ssp. eu-maculosa 

Gugler; BSp_ [hpnana Bor. (=,Ç. stoebe=~. paniculata); ssp. 

m~cranthoB (Gmel. )Gugler (=.Ç.. m1cranthas Gmel. ). In Flora 

4 
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u. S. S. R. , these su~species are raised ta species level and 

only rhenana Bor. and~. micranthQ~ Gmel. are described 

in the sectl0n Maculosae (Klokov et ~l. 1963).Dostal (1976) 

recognized f"our subspecles of" C. maculosa Lam. ; ssp. 

chat!bardl i (Reicherb. fil. ) Dostal; ssp. albida (Lecoq and 

Lamothe) Doatal; sap. subal blda (Jordan) Doatal; sap. maculosa (= 

C. stoebe asp. (Lam. ) Hayek) . He also cons1ders ~. 

biebersteln~i OC. and ç. rhenana Bor. as distinct spec1es. 

2.2 Description and var1ation of" the weed 

Spotted knapweed is a biennial or short-lived 

perennial 
) 

pubescent, 

herb 30-100 cm h1gh. Stems are erect, ridged, 
" 

corymbosely branched, each branch bearing a single 

head. Basal leaves are deeply and irregularly pinnatlf"ld, 2-3 

times segmented or li not. 11near. Leaves are capescent on 

both sides. Heada are discoid, 16-20 mm hl.gh, around 6 mm 

d1ameter. The 1nvolucre 1S 9-12 mm high, 6-8 mm broad, and 

ovoid. Phyllaries are ovate to ovate-lanceolate with a 

blackish apical fr1nge of" five st1f"i processes 0.5-2.0 mm 

long. flowers are tubular , purple, rarely whlte; marglnal 
, 

flowers steri le, ray-llke central ilowers perf"ect; achenes 

3.0 mm long; pappus Whl te, persistent,. 1-2 mm long (Moore and 

Frankton 1974; W~tson and Renney 1974). 

The chromosome complement of the North American 

1 
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spotted knapweed 1s reported ta be tetraploid w1th 2n=36 

(Noore and tranklon 1954). According to GUl.nochet (1957), the 

eu ropean ç. macu losé1 s. st r. has a chromosome number of 2n::: 18. 

Ska11nska et al. (1959) repurted a chromosome complement of 

2n=18+(0-2B) rhpnana Bor. (:=, ~. maculosa Lam. ssp. 

rhenana (Bor. )Gugler). 

GUl.nochet and tOl.ssac (1952) l.dentlf1ed a tetraploid 

C. mlcranthos' Gmel. (:::~. b1ebersteinll OC. ssp. bieberstel.nii) 

at CluJ botanl.cal Garden, Roman1a. A personal Vls1t to the 

Garden 1n 1982 revealed that those plants dl.d not have any 

characterlst1c features that would place the 

naculosae section. Backsay (1958) reported a tetraploid ~. 

b1eberste1nl.L ln Hungary but no herbarl.um collectlons of thls 

tetraploid form are known. 

Moore (1972) dlstlngulshed North Amerlcan populations 

of spotted knapweed wlth the ssp. mlcranthos (Gmel.) Gugler 

having small heads (1nvolucre 10-11 mm hl.gh) and few (4-6 

pa1rs) and short phyllary processes wlth black or brown 

margins. The ssp. rhenang (Bor. lGugler and ssp. maculosa are 

by larger heads (1ovolucre 11-14 mm) and 5-10 

palrs of longer marg1nal, processes, Wh1Ch are black-dark 

bro...,n 1n ssp. rhenani'l and partiall y wh 1 te in ssp. maculos?. 

TaxonomlC stud1es on European and North Amer1can 

collections of spotted knapweed are underway at Macdonald 

College of McG1l1 Universlty to determ~ne the relat1onsh~p 
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between thp t~traplold formes) pr~s~nt ln North Amerlca and 

the dlplolCl formes) that eXlsts ln Europe. Pre11mlnary 

çytologlcal studles have revealed that tetraplold formes) are 

aiso' present ln Europe (Hungary and Romanla) and are 

morphologlcally slmilar to the North Amerlcan weed populations 

(A. K. Watson, pers. comm. ). In studies conducted in Europe at 

the Commonwealth Instltute of Blolog1cal Control, Delemont. 
r:---/ 

Switzerland, lt was observed that the North Amerlcan spotted 

knapweed could be a tetraplold form of ~. maculosa ssp. 

micran thos, but such a form has not yet been ~ound in Europe 

(D. Schroeder, pers. comm.). 

Because of the paucity of ln depth taxonomlc studies 

on the Norh Amer1can spotled knapveed, concluSlons about,its 

relatlonshlp wlth the European formes) are dlfflcult to 

determlne. Attempts to do so are confounded by the description 

of many closely related specles and subspecies which 

intergrade morphologlcally and geographically ln Europe. It is 

therefo~e proposed that the European populations of spotted 

knapweed, on which fleld studles vere conducted, be treated as 

a complex. ThlS C. macuIos~ complex would include the three 

subspecies as described eariier by Hegi (1912). 

Although Moore (1972) described three subspecles of 

.Ç.. maculosa in North Amerlca. lt lS still not known if the 

North Amerlcan populatlons of spatted knapweed are composed of 

tetrapl~ld or/and dlploid plants. Studles are underway at 

Macdonald College to determine lf morphological and genetlcal 
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differences exist in North American populations of spotted 

knapweed. 

J 

2.3 Geographlcal dlstrlbutl0n 

~. maculosa Lam. i8 of Eurasian origln and lts native 

distributlon comprlses central Europe, northward to northern 

Prance and Germany, south to the Pyrenees, northern "Italy and 

the northern Balkans, eastward to central Russla, CaucaSUG, 

and western (Moore and Frankton 1974). Flgure 1 

illustrates the natlve dlstrlbutlon of the m~culosa complex 

accordlng to Hegl (1912) wèth ssp. ~-maculosa JO southeastern 

France, northern SWltzerland, southern Germany, northp:.-n 

Italy; sap. rhenana wldely dlstrlbuted throughout central and 

eastern Europe; and ssp. micranthQS ln Slovakla, Hungary, 

Yugoslavl3, Romania, western Slberia, and Caucasus. 

1 Although Doatal (1976) uses a dlfferent acheme of 
'1 

classiflcation, the followlng three SpeC1E'S have a Slmilar 

dlstr1hutlon pattern as compared to the three suhspec1es 

descr1bed above: C. maculosa Lam. wlth a western dlstrlbutlon 

(irom central France, eastward ta southern Germany and 

northern Italy); C. rhenana lS dlstr1buted throughoul central 

and southeastern Europe; C. 

( =~. mlcranthos) 18 found in southeastern Europe and 

northeaslwarc! ta north central Ukraine. Therefore, wlthln 

r 



Figure 1. Native distribution of the Centaurea maculosa Laa. 

complex (Regi 1912). 
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the natlve range of C. rnaculosa, dlstlnct for ms or blotypes 

do occur and they appear to have characterlstlc dlstrlbutlon 

'patterns. Whether sorne or aIl of these forms should be ralsed 

to the species leve1 15 debatable. A complete taxon::! 
to deal evaluatl0n 

1 

of this species group 18 necessary 

satlsfactorily with the varlatl0n of this weed. 

In North America, spotted knapweed is most abundant 

in the northwestern parts of the continent. In Canada, it is 

abundant ln Britlsh Co1umbla and lS common in Ontarlo, Quebec, 

Nova Scotla and New Brunswlck (Frankton and Mulligan 1970; 

Moore 1969) . Severa! sma!! lnfestations have a180 been 

reported in southwestern Alberta (Watson and Renney 1974). 

In U.S.A., it lS found everywhere except possibly the 

the southeastern states (Moore 1969). It i8 particularly 

abundant in Montana, Idaho, Washlngton, Oregon and northern 

Californla (Maddox 1979). The weed is also common in the Great 

Lakes regions, the lower midwest and the northeastern States 

(Reed and Hughes 1970). 

2.4 Habitat 

Spotted knapweed i8 favored b~ mesic conditions in 

the interior of British Columbia where annual precipi tatrens 

range from 25. 1 to 64.8 cm (Watson 1977). Spotted knapweed ia 
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not adapted "to ~e' dry con~iti~ns of the western prairies. 

~ris and Cranston (1979).reported that although the dark 

_brown osoils OI western Canada are susceptible ta invasion by 
1 . " 

spotted knapweed, the weed may be close to its distributional 

limits'because~oI climatic conditions prevailing in parts aI 
" ~ 

southern Alberta and Saskatchewan. 
r 

Spears et al. (1980) have de:monstrat-ed that spotted 

knapweed had better emergence characteristics over a~ wide 

) range of sèeding depth and soil moisture than diffuse knapweed 

(Centaurea diIfusa Lam. ). These differences could explain the 

_wider, distribu~ional range df spotted kn?pweed in North 
1 

America. The present northern limit of spotted knapweed 

distribution is 55°N latitude in British Columbia (Watson and 

~enney 1974). 

Spotted knapweed doea not persist under annual 

cultivation but lnvades pastures, rangelands, rights-oz-way, 

'" --
roads~des and waste/places (Watson 1977). The 

disturbance_ 18 a critlcal factor Ior its establishment; 

spotted knapweed is commonly associated with. pioneer plant 

species in thè mesic regions of southern British Golumbia 

\\l\ (W~tson and Renriey 1974). 
1 

Spotted knapweed doea not compete 

< ' 

1 
l' t....-_______ \\ 

with vigorously growinQ grass in-moist sites or with diffuse 

kn~pweed in steppic grassland (Harris and Cranston 1979). 

In Europe, spotted knap~eed grows ag~ressively in the 
" , 

fbrest steppe regions (Harri~ and CraFston 1979). It is also a 

, 

---<'-

. 

/ 
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-
ruderal species which colani~es disturbed hab~tats as 

. 
such 

quarries and waste places occurs as widely 

-
scattered patches CA.K. Watson, pers. comm.)~ Heg1 (1912> has 

< , 

enumerated a list of plant com'muni ties 
. \ 

with wh~ch spotted 

knapweed 1s associated in Europe. 

2.5 Biology 

The biology af spotted knapweed has been reviewed by 

Watson a'nd Renney ( 1974) . Spotted knapweed is cross-

pollinated, but also self-compatible and does nat reproduce 

vegetatively. The plant has a pralific annual seed production 

/ (up' to 40,000 seeds/m ) and overwinters as seeds and/or as a 

rosette ,which can regenerate ïdr a few years. Roset tes boIt 
. 

in early May and flowering occurs in July and August. Seeds 

are dispersed by wind or machinery. If moisture is adequate, 

the seeds will germdnate and develop into rosettes by fall. 

Spotted knapweed has a patchy distribution but large , 

stand's are not uncammon ~n sorne' -areas. Populat~ons extend 

.... 
largely through peripheral enlargement of existing stands. The 

aggfes~veness oï this weed thro~gh its compet~tive, and 

~llelopathic effects on asso~iated species, i8 reflected in 
\ . ~4 

the ,establishmec&t of single-ppecie.s stands of' spottéd knapweed 

(Fletcher and Renney 1963). 

--- ._--~ .~- --~ -- - --"- o 
~ -_ .. 
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2.6 History 

Spotted knapweed was first collected in Canada at 

V l.ctoria, British Columbia, by Macoun l.n 1893 <Groh 1944). It 

is suspected ta have been introduced in western North America 

4 
as a contaminant of al~alfa seed ei ther .trom Asia l'Iinor br 

with hybrid alfàlta seed from Germany ( Moore 1969) . The 

~ earliest record in the 'United States dates .trom 1894 near a 

wool vaste in l'Iassachussetts and seeds vere probabl.y 

introduced t'rom Central Europe via sheep wool importation 

(Fletcher 1913>'. 

Since its introduction, spotted knapweed has spread 

rapidly and is now estimated to l.nfest approKimately 800,000 

hectares in Montana and 40,000 ha ln both Idaho and Washington 

(l1addox 1979). In Brl. tish Columbia, spot ted knapweed infesta 

about 4,000 ha and approxlmately 900,000 ha are threatened by 

spotted knapweed l.nvasion in western Canada CHarris and 

Cranston 1979). A Leif extenslve stands are present ln Ontario 

and threaten agrlcul tural lands ln sorne countles (F'rankton and 

l1ulligan 1970). In Quebec, spotted knapweed was firat 

collected in 1932 at Iberville and l.nfestatlons are localized 
/ 

~nd persistent in the southern regions (Rousseau 1968). 

" ,-I.! 
2.7 Costs and Lasses 

\ 

Economie lasses from spotted knapweed are the resul.t 

.. 
1 
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of the wèed's abil1ty to displace native herbaceous vegetat10n 

or super10r forage species to the detr1m~nt of both ranching 

and IHldlife. In British Columbia, knapweeds (~. maculosa and 

diffusa) were estimated to cause up to 88ï. forage 

reduct10ns in infested are as, representing an annual loss of 

$350,000 C Can. funds) <Harris and Cranston 1979). In western 

Un i ted states, the total annual 10ss was approximately 

$600,000 CU.S. ~und9)in 1979 (Maddox 1979), 

'" 
Other detrimental attributes of spotted knapweed are 

its low nutritive value, highfiber content and allelopathic 

effects on other plant species C Watson and Renney "197,4), 

2.8 BeneficiaI 

Spotted knapweed provides substantial. nectar and 

pollen for bees, but the nectar has a bitter taste which 
"'\ 

lowers the qua11ty of the honey (Watson and Renney 1974). An 

antibacterial substance has been isolated from the leaves and 

flower heads of spotted knapweed (Cavall1to and Ba11ey 1949; 

Monya rl .2l. 1958). 

Despite the fact that spotted knapweed is a valuable 

pioneer spec1es capable of reduc1ng erosion and possibly 

prov1ding food and shelter for b1rds and rodents, the 

ecolog1cal benef1ts are limited because this species should 

,. -



" 

16 

not contribute more than thé species it displaced in the 

natural community. Slncp- knapweed dlsplaces native 

vegetatlon and occurs as slngle-specles stands, thlS reducDlon 

OI the Ilora complexlty results ln an ecolog1cal 10ss (Andres 

1981) . 

1 < 

2.9 Control methods 

Spotted knapweed cpn be selectlvely killed in grass 

with picloram (4-aml.no-3,5,6-trlchloropicollnl.C aCl.d) at .40-

. 55 kg Iha but not wl.thout disadvantages. Picloram has a 

residual 11.Ie ln the SOlI oI about 4 years WhlCh limits 

reseeding aI grasses and spotted knapweed can relnfest the 

treated area iI Iurther treatments are not appll.ed. 

patches can be controlled wlth 2,4-D ester 

dl.chrorophenoxyJacetic aCl.d) at 2.2 kg/ha prior 

Iormatlon but 

season ( Exper.1 

1983) . 

Iollow-up treatments 

Comml. t tee on Weeds, 

are necessary 

Western Canada 
\ 
\ 
1 

Localized 

} (2, 4-

ta bud 

the next 

Section 

Although efIectl.Ve, the cast of cheml.cal control 

over the 840,000 ha lnIested wlth spotted knapweed is 

lnfestatiors 

primarl.ly on land of low economic value (Harrl.S and Cranston 

prohibl.tl.ve especlally since the occur 

1979; Maddox 1979). 

. Spotted knapweed 19 not a problem ln cultl.vated land 

(/ 
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and the plant can be controlled by culllvatl0n and suppressed 

f by mm.,ing. However, the topography of the rangeland commonly 

lnfested does nol permlt the use of farm machlnery (Harris and 

Cranston 1979). 

Invasl0n of spotted knapweed can be slowed down by 
( 

the seedlng of vlgourOU& grass specles such as crested 

wheatgrass <Hubbbard 1970) • However, the success of thls 

managerial melhod of conlrol is stll1 dependent upon chemlcal 

treatments and cultural practices which ln turn restrict ltS 

applicatl0n ln dryland sltuations (Harris and Cranston 1979). 
ï': 

3.0 Biological control 

Since spotted knapweed is diIIicult to control by 

chemical, cultural, and managerlal methods, biologlcal control 

may represent an economlC and long-term alternative (Harris 
, V 

and Cranston 1979). Watson and Renney (1974) have listed the 

insects coÎlected on spotted knapweed in North America, but 

none of these lnsecis lnfl~cted serl0US damage on the plant. 

AIso, no mlcroorganisms have been reported to attack spotted ~_ 

knapweed ln the field. 

A survey of pltytophagous inseOts attacklng wild 

Cynarae (Aste~aceae) was initiated ln Europe ln 1961 (Zwolfer 

1965) . Schroeder (1977) has publlshed~a list of biotlC agehts 

attacking kn'apweeds in Europe with their prospective 
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suitability for biological control. Sixteen species of 

insects, one species pf mlte,and two species Qf rust pathogens 

yere suggested to be posslble biocontrol agents. Ta date, four 

species of ln5ects have been introduced and released in North 

America for the biologlcal control of spotted knapweed (Table 

1>' 

Although the Urophora seed-h~ad fIles have 

--... 
seed production of spotted knapweed by as much as 

reduced 

75ï. at 

release sltes in Britlsh Columbia, thlS level of attack has 

not reduced the populatl0n of thls weed CHarris and Cranston 

1979) . Both species of Urophora have made an important 

contrlbution toward reducing the aggresslveness of spotted 

knapwE'ed, but it 15 generally agreed that addltional agents 

yill be requlred ta aChlE'Ve satlsfactory biological control 

(Harrls 1980ai Maddox 1982). 

\ 

\ 
'" 

\ 



Tab1~ 1. List of insects re1eased· in North America for the bio1ogical control of spotted knapweed (Centaurea maculosa Lam.) 

t"'~ 

Agent 

) 

Agapeta zdegana L. 
(Lepidoptera: Cochy1idae) 

Metzenaria paucipunctella 
Zeller (Lepidoptera: Gele
chiidae) 

Urophora affinis Frauenfeld 
~ (Diptera: Tephritidae) 

Urophora quadrifasciata 
(Meigen) 
(Dip~era: Tephritidae) 

Date first 
Re1eased 

1982 

1973'l 

1970 

1973 

1972 

Origin 

Austria, Ro
mania, Hungary 

Switzerland 

France 

France 

U.~.S.R. 

Status 

Not established in British Columbia 
but attempts continuing 

Increased to attack i-! heads at B.e. 
release site but suffering high win
ter morta1ity and destroy U. affinis 
in same head. 

Forms 3.3 to 5.0 gal1s per head in 
combination with ~. quadrifasciata 
in B.e. release sites. 

Forms up to 2.25 gal1s per head in 
Montana and an average of 1.61 galls 
per head in~daho. Established in 
Quebec 

în B.e., partially disp1aced by ~. 
affinis. Established in Quebec. 

~ 

<!( 
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III. RU ST FUNGI ATTACKING CENTAUREA HACULOSA L~M. 

. 
Four species of autoecl0us rusts have been reported 

ta attack Centaurea maculosa Lam. ln Europe; Puccinia 

centaureae DC; E. centaureae-vallesiacae Hasler (a variant of 

P. centaureae); 1:... ]aceae Otth; and ~" verruca 'Thuemen 

(Gaumann 1959; Guyot 1967). Thelr taxonomy 1S as dlfficult 

and confused as the taxonomy of their host genus Centaurea. 

3.1 Puccinla ç~taureae DC. 

3.1.1 Taxonomy 

In 1815 A. P. de,~andolle descr1bed th18 rust 

Callected on Centaurea scabl0sa L. (Guyot 1957). Like most 

of the specles created by de Candolle, E. centaureae was 

insufficiently characterized lnltlally, WhlCh consequently 

led ta dlfferent interpretatlons of thlS species by 

taxonomists. 

E. centaureae was first examined morphologically and 

experimentally by Jacky (1899) . He distinguished two 

morphologlcal forms or types which differ mainly by the number 

and positlon of urediniospore germpores: 
1 

20 

Type A with two 
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auper-equa"lor ial germpores and Type 8 with three equatorial 

germpores 

behav l.or 

He also found, ln connectlon wlth the 
i ' 

bl.ologlcal 

of thlS rust, specles, that two formae speclales are 

dlstlngulshable wlth one on Centaurea Jacea L. and the other 

on Centaurea nervosa Wl11d .. 

other varlants of E ... centaureae have aubsequently 

been descr1bed (Gaumann 1959; Guyot 1967; Savile 

1970a, b). These variants represent biological forms of the 

ruat r specles whlch are well adapted to their parlicular hast 

and can be identlfied by thelr morphologlcal characterl.stlcs 

and by comparlng thel.r respective hast ranges. The taxonomic 

posltlon of these varl.ants is however not clear and the exact 

dlSpOSl.tl.on of some of these varlants would requlre a longer 

series of speclmens than lS now aval.lable and good hast 

vouchers (Savlle 1970b). Although the hast range of sorne E. 

centaurS'ae varlants has been determl.ned experlmentally, only 

a few Centaure~ specles were tested. Nevertheless, a level of 

hast speclallzatlon has been demonstrated for certaln varlants 

of.f.. centaureae (Gaumann 1959; lalongo and Boldt 1977; Jacky 

1899) . 

The only eVldence of a varlant' that lnfects .c.. 
rnaculosa cames from Hasler ( 1908) who experlmentally 

deterrnined the host range of a rust collectl0n from Centaurea 

vallesiaca (OC. ) Jordan ln Switzerland. In addlt10n ta the 

orlginal host, thl.S rUGt would lnfect Centaurea alba L., ~. 
,\ 

axillari~ wllld., ç. cyanus L., C. maculosa Lam., ~. rhenana 
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Bor. , but was unable to lnfect C. austr13ca Wllld., Ç.. Jacea 

L. , ~. nprvosa Wllld., ç. nlgra L., ç: nlgrescens Wllld., C. 

phrygla L., C. scablosa L. and C. transalplna Schlelder ex OC. 

He named thls rust Puccln13 centaureae-valles18cap Haaler. 

In hlS rev lE'W of the rust :fungl on Composi tae in 

North Amerlc<;l, Cummlns (1978) lncluded P. centaureae, P. 

carthami Cda., ClrS1.1. Lasch ln Rabh., P. laschii Lagerh., 

and .E. l.rrequlsl ta H.S. Jack. as synonyms of Puccl.nia 

ca lcl. trapae var. cen taureae (DC. ) Cumm. Wl.lson and Henderson 

(1955) have prevlously adopted a simllar broad classif1.catl.on 

in Brl. taln, l.neludlng E. centaureae and other related speCles 

under E.. calcitrap~ OC. Savlle (~970a) dlsagrees wl.th sueh an 

ultra-broad speeies concep~ and stated "1..Dcludlng aIl these 

taxa under PUCCl.nla ealcltrap~e, a ru st seem1.og1y confl.ned to 

Cpntaurea calel. trapa, e:f:fect l. vely suppresses aIl the 

biologl.cal lnformatlon made available by a more precise and 
/ 

/ 

reallstIe treatment". Savlle (1970b) recogn1.zes :four :full 

specles on North Amerlcan ClrSl.Um specl.es l.ncludlng many host 

llml.ted varletlE's. Lees detal1ed studl.es have demons~rated 

apprec1.able dlverslIlcatlon OI European rusts attacking 

Carduus Carthamus , Centaurea and other related ger.era 

(Savile 1970a). 

Morphologlcal and blologlcal features of .f. 

centaureaE;' sensu stricto are l1.sted ln Table 2. Studies on 

ured1.niospore morphology hav~ lndicated dlstlnct differences 

~--------------------------------------------~~-----~------~ 

\ 



Table 2. Comparative biological and morphological features of,Puccinia centaureae DC., P. jaceae Otth. and P. verruea Thum. 

LIFE CYCLE 

UREDINIOSPORE 

TELlOSPORE 

SIZE 
T 

SHAPE 

GERMPORE 

H1LL'M 

SIZE 
T 

HOST RANGE (SEE T~LE 3) 

a Guyot 1967 

b Savile 1970 a, b 

e Sydow and Sydow 1904 

Puccinia centaureae a,b 

MACROCYCLIC, AUTOECIOUS 
o (RARELY SEEN), II, III 

21-28(19-31) X 18-25(16-28) 
22-2f> X 20-23 

SPHERICAL A~D SY}-n-1ETRICAL 

3(RARELY 2,4) EQUATORIAL 

MINUTELY VERRUCOSE 

26-40(24-45) X 17-28(16-30) 
30-36 X 18-26 

162 CENTAUREA SP. 

o Pyenia 

II Uredinia 

III Telia 

Pi" a,b . ucc nIa )dCeae 

~~CROCYCLIC, AUTOECIOUS 
o (RARELY SEEN), II, III 

21-31(20-34) X 19-29(18-33) 
23-30 X 21-26 

BROADLY ELLIPSOID AND FLAT
TENED 

2 SUPEREQUATORIAL 

SMOOTH 

1, " a;b, c ueelnHl verruea 

MICROCYCLIC, AUTOECIOUS 
III 

28-42(24-46)(~48) X 20-28(16-32) 28-60(32-72) X 13-24(11-28: 
31-38 X 21-26 42-50 X 15-18 

43 CENTAUREA SP. 

" 

14 CENTAUREA SP. AND 
2 CARTHA11US SP. 

\ , 

'. 
;~/ 
\ 

..., 
t.) 
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in spore ornamentation between E. centaureae and P. carthami 

(Savile 1970a,b; Traqualr and Kokko 1983). The safflower rust, 

P. earthaml, can be distlngulshed from P. eentdureae by lts 

mo~e verrucose hllum and shorter echlnulae. Furthermore, E.. 

ca:-~haml has never been reported on any Centaurea species in 

fleld condltlons (Arthur 19&2; Conners 1943), but was 

reported on C. eyanus inoculated in a greenhouae (Savile 

1944) . 

3.1.2 Host records 

.f. centaureae has been recordea on mQre than 162 

speeies of Centaurea (Table 3). Despite this broad hast range, 

a number of hast-llmited varietles has been repqrted in the 

11terature (Ialango and Boldt 1977; Jaeky 1899; Gaumann 1959; 

Guyot 1967; Savlle 197Ga,b; Savlle 1973). This ruat speeies 

has never been reported ta attack plants ln genera other than 

Centaurea. 

3.1.3 Geographical distribution 

The geographleal distribution of E. eentaureae sensu 

stricto eomprlses most of the European continent, 

Africa and 

Hlghlands, 

central Asia, w~ the exeeptlon of 

Siberla, Chlna and Japan (Figure 2). 

/ 

the 

northern 

Aretic 
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Figur~' 2. Geographie distribution of Puccinia centaureae De. 

~ stricto. (Guyot 19?7) 

~ 

,} . 

1 

\ 
\ 

Figure 3. Geographie distribution of Puccinia j~ Otth. 

(Guyot 1967). 

, . 



\ 

f 

® 
/ 

/ 



, 

27 

This rust species was not known ta occur iq North 
, J 

America until 1965 when Savile collected it on Centa~rea nigra 

L. at Indian Po'int, Nova Scotia. He identified the specimen as 

Puccinia centaureae OC. var. centaureae and considered it as a 

b10type pf the same rust i"ound in Europe (Savile 1970b). This 

" , 0 rust was later found ta be weakly virulent on spotted knapweed 

in host range etudies. (A. K. Watson, pers. comm.). 

3. 1. 4 Habitat 

~. pentaureae ie mainly dietributed 1n the mesie 

regions of turope and Asia where it ie most often found in the 

plains, and also in plateau regions reaching 1,400 metres in 

r' al t1 tude and also on mounta1n slopes up to 1,700 metres (Guyot 
1 

1967). This rust shows cIl.. matie adaptation~ 'in urediniospores, .. 

teliospores, or both against the extremely dry summers of the" 

l1ed'l terranean regions (Savile 1970a) . .f.. centaureae 

d1stribut10n encompasses the full native~range of the spotted 

knapweed complex. 

3.2 Puccl..nia Jaceae Otth 

3. 2. 1 Taxonomy 

This apecies was described by G. Otth in 1865 from 

çentaurea lacea L. in 5w1tzerland (Guyot 1967). Jacky (1899), 
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..... ho probably examined the specimen, stated that it 

corresponded ta his Type A of E. centaureae beceuse of the 

presence of two super-equator4al uredin10spore germpores. 

Sydow ~nd Sydow C19a4> agreed with Jacky and reported E. 

J~ceae as a synonym of f. centaureae in their Monographia 

Uredineanum. 

The viewe of other taxonomiste are d1vergent . Some 
. 

authors recognize the valid1ty of theee . two morpholog1cal 

characters, number and pos1tion of urediniospore germpores, 

for maintain1ng the autonomy oI bath species (Gaumann 1959; 

Hasler 1908) • Others consider, by reIerring to the Sydowe, 
~ 

that these diIferences in spore morphology are 1nsufficient to 

Trot ter 1908>. 

More recently, Sav11e (1970a,b) has treated the two 

epeciee un der separate evolutionary lineages: the eucciOl.a 

.d:l.01Cae-.E,. hieraci1 complex (Wh1Ch includes..E,. Jaceae) and the 

pucc1n1a centaureae-~. laschl.i complex (which . includes E. 

carthamil.Recent studles on Ured1n:l.OSpOre morphology of E. 

centaureae, P. Jaceae and E. carthaml seem to support 

Sav11e' s classification (Tra~uair and Kokko 1983). 

The main morphological and b1010g1cal features of t. 
Jaceae are listed in Table 2. E. Jacea~ can be d:l.stlngu1shed 

from E. centaureae by havlng larger, broadly ell:l.psoldal, and 

flattened ured:l.n:l.ospores with two super-equatorial germpores 

and a smooth h:l.lum. g. centaureae has smaller, spher1cal, 

, 0 
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'. ( 

and symmetricpl urediniospores w1th three equatorial germpores 
1 • 

and a minut~ly and distinctly verrucose· hilum. 

3.2.2~Host records 

" 

Many Centaurea species ha~ been reported to harbor 

this rust species in Europe but fewer hasts are reported for 

.f.. Jaceae than E: çentaureae (Table 3). Common hosts for bo~h 

rust spec1es are not 'rare and mixed 1nfections on the same 

hôst have been reported (Watson ~ gl 1981). 

Sav11e (1970a) has described three varieties of E. 

Jaceae 1n Europe. r Watson and Alkhoury <1981> have 

experimentally determ~ned the host range of a variant 

collected on Centaurea d1ffusa ~n Romania and reported a h~gh 

level of pat~ogen1c1 ty on.L d1ffusa Lam., ~ cyanus L., f... 

1 ra L. 

sa 

and Carthamus tinctor~us. Two Centaurea species, ~; 
1 

and f.. montana L., wer~ resistant to the rust 

" 

Geographical d~atr1bution 

P. 

centaureae 

cont1nent, 

'. 

Jaceae has a more re~tricted distribut10n than ~. 

(F'~gure 3). It occupies mu ch of the 'European 
t 

w1th the except10n of the Br1t1sh Isles, and does' 

/ 

\ 
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not occur a~ far south as~. centaureae. The eastern limits ff 

the E. Jaceae range are As~a Minor and the East. This 

species has not been reported in North America ( avile 1970b). 

3.3 Puccinia verruca Thumen 

3.3.1 Taxonomy 

This rust vas described by F.' von T~um~n in 1879 

on Centaurea napifol~a L. in Upper Egypt (Guyot 1967). rt ls a 

~m~crocyclic rust where only the telial stage ~s present. The 

tel~a are grouped together g~v1ng a typical verruclform 

pustule 1 ta 4 mm ~n dlameter on the surface of the leaf. The 

tel~ospores are narrow, smooth, usually th~ckened at the apex 

and with a long persistent ped~cel (Sydow and Sydow 1909). The 

dlmenslons and forms of teliospores vary greatly even w~thin a 

sorus (Table 2). 

1 
3.3.2 Host records and geographlcal distribution 

Th~s rust has been collected on fourteen Centa.urea 

species ln Europe, ASla and northern Afr~ca (Table 3). l t ",as 

reported on Carthamus tlnctorlUS ln Russ~a and on C. lanatus 

L. in 'France and Tun~s~a (Guyot 1967). The ex~stence of th~s 
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rust on Centaurea maculosa 18 questioned. Sydow and Sydow 

(1904) reported it on ç. maculosa but aIter careful 

exam1nation of thelr speclmen, Guyot (1967) found no trace of 

tell0spores and attributed the presence aI varts on leai 

surface ta an Entomophagous origin. 

o 

• 
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"- Table 3. Comparative host records of Puccinia centaureae DG. sensu stricto, 
P. j aceae Ot th, and P. verruca - Thum. (Guyot 1967). 

-
Host Species P. centaureae P. j aceae P. venu, 

Ce:1taurea ae.lulis Desf. + 
C. achaia B. et H. + 
r adami W. 

~ -, 
". ~ + '-
C. alba L. + + 

, -
C. alexandrl Bordz + 
G. ali-be;[ana F.Q. et Pau. + 
C. a1Eestris H. et H. + 
C. a112ina L. + 
C. amara L. + +. 
C. americana Nutt. + 
C. an8ustifolia Schrank + + 
C. arenaria M. B. + 0- -
C. aSEera L. + 
C. atrata W. + 
C. atroEureurea W. et K. + 
C. auran tiaca Willd. + 
C. austriaca Willd. + + 

'\. 
C. axillaris Willd. + 
C. badensis Tr.a t t. + 
C. ba1ansae Boiss. et Reut. + 
C. balsami ta Lam. + 
C. banatiea Roch. + 
C. beckeriana Wagn. + 
C. behen 1- + + 
C. belângeri DG. + 
C. bella Trautv. + + 
C. beltranil Pau. + 
C. benoistii Humb. + 
C. beskideana W. et M. + 
C. bracteata Seop. + + 
C. brevicees Hjin. + 
C. breviseina Hansskn. + 
C. calcarea Jord. + 
C. calei t raea L. + + 
C. cana Sm. + 
C. canariensis Willd. + + 
C. carduiformis De. + 
C. cariensis Botss. + 
C. carpe tana Boss. et Reut. + 
C. castellana Bl et R. + 

+ Host species on which the ru3t has been recorded. 

\ , 

\ ... 
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Table 3. (Continued) 

Host Species P. cèntaureae P. jaceae P. verruca 

C. cetia (Beek) Wagner + 
'-J \ 

> C. eheiraeartha Fenzl. + 

\ 
CL cheirolo~ha (Fenzl. ) Wageni tz + ... 
C. chrysoleEis Vis. + 
C. eirrahata Rchb. + + 

/J C. collina L. + 
C~ eonglome ra ta C.A. Mey. + + 
C. contracta Vivo + 
C. coriacea W. K. + 
f· Sl.anoides B. et W. + 
C. cyanus L. + + 
C. cyrtoleEis Led. + 
C. dealbata w. + + 
C. deci,Eiens Thuill. + 
C. diffusa Lam. + ' .... 
C. diluta Alt. + 
C. dimorpha Vivo + 
C. dubia Sutp-r + + 
C. endressii Hochst. et Steud. + + H\ 
C. ensiformis P. II. + 
C. eri°Ehora L. + 
C. eryngioides Lam. + 
C. exarata Boiss. + + 
C. fenzlii Reich. + + 
C. flavida Nyar. + + 
C. fragilis D. R. + 
C. gentilii Br. BI. et Maire + 
C. glastifolia L. + + 
C. glomerata Vahl + 
C. guicciardii Boiss. + 
C. hanryi Jard. + _1 

C. homeosceros PdU. + 
C. h:z:aloler is Boiss. + + 
C. iberiea Trev. + + 
C. idaea B. et II. + 
C. indura ta Janka + 
C. infestans Coss. et Dur. + -----
C. involucrata Desf. + . 
c. j acea L. + ,+ + 
C. j ungens Gugl. + 1+ 
C. kermanensis Bomm. + 
C. 1.cotsch:z:ana Heuff. + + 
C. kroumirensis Cosson + 
C. linaresii Laz. + 
C. litardierei Jah. et Maire + 
C. lydia Boiss. + 



/ 
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Table 3. (Continued) 

Host Speeies 

C. macedonicd Griseb. 
C. macroeephala Muss. Push. 
C. maculosa Lam. 
C. margaritaeea Ten, 
C. 7la ro'ceana BaIl. 
C. ûlelitensis L. 
C. meryonis OC. 
C. mieranthos Gmel. 
C. minoa Heldr. 
C. mon tana L. 
C. monanthos Georgi 
C. muntgoi 
C. mureti Jard. 
C. musimomum Maire 
C. rnxrioeephala Seh. et Bip. 
C. nana Desf. 
C. napifolia L. 
C. nervosa Willd. 
e. nieaeensis AlI. 
C. nicol ai Baldaeci 
e. nigra L. 
C. nigreseens Willd. 
C. orien talis L. 
-Co omata Willd. 
C. ossica C. Koch 
C. ovina PaIl. 
C. oxylepis Wim. et Grab. 
C. paniculata L. 
C. pannoniea Heuff. 
C. phrygia L. 
C. phylloeephala Boiss. 
C. pleeskensis Nyar. 
C. plumosa Kern. 
C. polyacantha 
C. polypodifolia De. 
C. pratensis Thuill. 
C. 'p"'rocu~tens Sieb. 
C. pseud pkrygia C.A. Mey. 
C. pubescens Willd. 
C. pugioniformis Nyar. 
C. pulchella Ledeb. 
C. pullata L. 
C. reeta Krock. ---C. rhapontieum Wlll. 
C. rhenana Bor. 
e. rivularis Brot. 
C. rutheniea Lam. 

e. romana L. 

P. centaureae P. jaceae 

+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 

+ 

+ 

1 
+. -

+ 
+ 
+ 

+ 

+ 

+ 
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P. verrues 

+ 

/ 
+ 

+ 

+ 

+ 

+ 

+ 

+ 
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Table 3. (Continued) 

Host Species 

C. sadleriana Janka 
C. salicifolia H. B. 
C. salonitana Vis. 
C. scabiosa L. 
C. schizoleeis Trautv. 
C. seridis L. 
C. sessilis Willd. 
C. solstitialis L. 
C. sonchifolia L. 
c. sehaeroceehala L. 
c. seinulifolia L. 
C. seinulosa, Roch. 
C. splendens Tenore 
c. seruneri B. et H. 
C. sguarrosa Willd. 
C. stenolee is A. Kern. 
C. stereo}2hylla Bess. 
C. &terilis Stev. 
C. stoebe L. 
C. sub-fleischeri Nyar. 
c. sul.ehurea Willd. 
C. szollosii Wagner 
C. szovitslana Boiss. 
C. taus cheri Kern. 
C. transaleina Schleich. 
C. transcaucasica P. Sosn. 
C. trichoceehala M.B. 
C. triurnfetti AIL 
C. uniflora L. 
C. vallesiaca Jord. 
C. vesceritensis Boiss. et 
C. virgata 1. 

Carthamus tinctorius 1. 
C. lanatus L. 

\ 
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P. centaureae P. jaceae P. verruca 

+ 
+ + 
+ -,. 

+ + 
+ 
+ 
+ 
+ + --. + 
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+ 
+ + 

~ + • 
+ 
+ + 
+ + 
+ 
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+ 
+ + 
+ 
+ 
+ 
+ 
+ + 
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+ 
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CHAPTER IV. SURVEY FOR AND COLLECTION OF RUS~ FUHGI ON CENTAUREA 

MACULOSA LAM. IN EASTERN AND CENTRAL EUROPE. 

1 

4.1 Introduction 
( 

An evaluat10n of the available information on the 

biology and control of spotted knapweed in North Amer1ca 

init1ated the search for add1t1onal biocontrol agents in the 

nat1ve range of thlS nOXlOUS weed. At present, the cheml.cal, 

cultural, and managerl.al methods of control have proven to be 

ineffectlve and/or unfeaslble for the thousands of hectqDes 

infested Wl.th spotted knapweed 1n western North Amerl.ca. The :' 

four 1nsects that were l.mported from Europe and released in 

North Amerl.ca for the blologlcal control of spotted knapweed 

have not contrlbuted slgnl.flcar:tly ln reduclng the 

aggressiveness oi thl.s weed The search for addl.tl.onal 

blocontrol agents could result ln flnding other organlsms that 

wou Id, alone and/or ln comblnatlon wlth those bl.ocontrol 

:agents already establlshed, contrl.bute to signiflcant 

suppreS8lün of thl.s nOXlOLS weed. 

There l.8 eVl.dence ln the 11terature that rust 

pathogens attacklng~. maculosa l.n Europe would be suitable 

36 
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:for l.nvest~gat~on as posslble blocontrol agents of spotted 

knapweed (Guyot 1~57; Sovlle 1970 a,b). Rust fungl. have proven 

ln the past to be eff 0 ctlve blocontrol agents agalnst weeds, 

as demonstrated chondr~lllnn Bubak & Syd. 

-agâ~nst skeletonweed (Chondrllia JuncPg L. ) ln Australlo 

( Hasan 1972) ; PUCCln13 xanthll agalnst Xanthlum specles. 

(Hasan 1974b); and blackberry rust, Phragm~dlum vlolaceum 

(Schulz) Wlnter, agalnst weedy Hubus specles ln Argentina 

( Oehrens 1977) . ThesE' rusts ar~ autoeclOus and have 

demonstrated a very hlgh level of speclallzatlon on their 

hosts. Autoeclous rust fungl are more SUl table for use in 

blologlcal control of weeds th an hetE'rOE'ClOUS rust .fungi, 

Slnce ln the latE'r case the alternate hast may be a USE'ful 

plant or may be absent from the target area. Also, 

experlmentatlOrJ w1.th heteroeClous rusts lS dlfficul t to 

conduct. Wh~ le worklng Wl th rumex rust, Uromyces rumlcii 

(Schum. ) W ln. , for the blologlcal control of curly dock (Rumex 

crlspus L. ), rnman (1971) could not succeed ln lnfectlng the 

alternate host Ranunculus flcar13 L .. PUCClnla specles 

attacklng spotted knapweed ln Europe are autoeclOUs. 

macrocycl~c rusts wlth host ranges 11mlted to a sln91e host or 

ta a group of Cen~~ sp. (Gaumann 1'359; Guyot. 1967; Talongo 

and Boldt 1977; Sëlvlle 1970a: Watson and Alkhoury 1977). These 

ru st. pathogens are strong prospects for the blologlcal control 

of spotted knapweed, and are wldespreé>d ln Europe 

encompasslng the full natlve rar.ge of spotted knapweed where 

thelr search and collE'ctlon should be concentratE'd. 
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Efficlent search and sampllng strateglE'S for natural' 

enemles of inlroduced weed specles has been described by. 

Marshal et 3l.... (1981) and Wapshere (1981a). It lS generally 

ag~e2d that the center of evolutlon, or dlverSlflcatlon, of 

th~ genus and sUb-genus of the target weed should be the firèt 

prlorlty for exploratlon (Goeden 1974; Room 1980; Wapshere 

1975) . Thls rSaS?nlng lS based on the assumption that 

centers wlli be the rlchest source of organlsms that have co-

these 

evolved Wl th thelr host plants (Harrls' 1971). Th1.s approach 

has been conflrmed for, Ambrosla specles ln the Sonoran 

Desert (Harrls and Plper 1970', Solanum spec1.es ln northern 

Mexico (Goeden 1971', Chondrlila spec1.es 1.n southern U.S.S.R. 

(Wapshere 1974a) and Echlum spec1.es~ on the Iber1.an . ~ 
Penlnsula 

(Wapshere 1981b). The long process of co-evolution of the 

pathogen wlth lts hast plant has resulted, accordlng to many 

authors, ln the accumulatlon of dlstinct types and loevel of 

protectlon ln the ho st populatlon and a broad spèctrum of 

~lrulence ln the pathogen (Browning 1981; Lepplk 1970; Nelson 

1979; Zhukovsky 1959). The lnltlal explorat1.on for ~ultable 

agents should be centered at and radlate from such centers of 

The search area should be large enough ta 

encompass a large dlverse natural enemy complex especlally if 

different weed forms and blotypes of the agent eXlst (Sands 

and Har ley 1981). 

There has been emphaS1S on collecton of agents from 

ecocllmatic sltuatlons s1.milar to those occupied by the target 

C 

1 
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.... eed (Wapshere 1975) . Although agents selected from such 

regions may be more likely to become established and be 

effective [for example, Pucc1nla chondr11l1na on skeltonweed 

( Wapshere 1978) J, many other factors, such as the relative 

ccmpetitlveness of the weed and other components, can 

lnfluence the effectlveness of an agent (Sands and Harley 

1981; Winder and Harley 1978). 

1"n cases where the center of generic diversification 

cannot be determlned for the weed and an ecoclimatic analogous 

reglon ln the native range cannot be found, it is recommended , 
that a random search be lnitlated throughout the native range 

ln order to collec,t a wide genetlc stock of the agents 

(Wapshere 1981a). 
c 

The first collections of rust fungi attacking spotted 

knapweed ln Europe were made in 1980 by researchers~of the 

_Commonwealth Institute of 81010gica1 Contr61 (C. I. B. C. >, in 

Oé1emont, SWltzerland. F1ve rust samples c011ected on spotted 

knapweed in Austria and one sample collected ln France vere 

sent to the quarantlne facl11ty of Macdonal~ College . These 

S1X collectl0ns were found to be of 10 .... v~rulence on eight 

North Amerlcan populatl0ns of spotted knapweed. Consequently, 

a' more extensive survey was conducted in Eastern and Central 

Europe to flnd more vlrulent strains of the rusts. 

.... 
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~ 4.2 Mate ials and Methods 
" 

'the last 

l'cc:ated 

The field survey and cQllection trlp was made durlng 

ho weeka of Jte 1982. Host of ·the a>tes wer. 

uring previous explorat10ns by entomologlsts of the 

C~~monwea th Institute of Biological -Cqntrol, statl0ned 

DeJ-emont, 5 .... 1 tzerland. The geographic regions surveyed 

inclucled western Romanla, western Hungary, southeastern 

'. Austria, nef the Rhine valley near the bod.ter of France and 

Germany. \ 

The sites .... ere selected simply ~n the basis of a 

large spotted knapweed pOPUla,~l.On and they .... r~e 'aIl located 

within the native range of this species. Tl;llS s'trategy has 

previously resulted ln thE?c:tis o,very of vlrulent and host-

specifie stral.ns of & 5yd. on 
!')l. 

skelet-onweed ,in southern 'Europoe (Hasan 1972, 1981). The size of" 

the spotted knapweed lnfestation vas estlmated at each 

location and c?rresponded to the area of the collectlon site. 

The degree of coverage and sociabillty of spotted knapweed vas 

aiso estimated visually at each site using the, Braun-Blanquet 

classification (1932) . Observat10ns on the inc~dence and 

severi ty of rust disea~e in spot ted knapw,eed populations vere 

also made. 

Each collection conslsted of leaves w1th rust 

pustules taken from a single infected plant chosen at random. 

The' leaf sample vas rated for reactl0n te the rust, uSlng the 

scale of 0 to 4 develC?ped by Stakman ~ 5Ù.. (1982>, and then 
,> 

J 
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placed ln a paper ~nvelope. The collect10ns were coded using a 

system oi f1ve dlg1ts e.g., HG-01- c, ... ith the f1rst tvo 

capital letters ldent1fy1ng the count~y of or1gin, followed by 

tw~ numbers represent1ng' the site and a let ter was assigned 

te each plant on ~hlCh the collection was made. The material 

WqS sent or brought back, w1th official 1mport permlts, to the 

• quarantlne faci11ty, of Macdonald College of NcG111 University. 

4.3 Results and Discussion 

4.3.1 Fleld survey 

A total of 30 sites vas surveyed in Eastern and 

Central Europe (Table 4). The field sur vey vas main1y 

concentrated in the Ste1nfeld region of southeastern Austria 

where 18 81 tes were surv,;yed (Figure -4). The remaining sites 
1 

were dlstrlbuted as follows: 2 sites in northvestern Romania 

(Flguré 5), 4 sites in eastern Hungary (Figure 4), and 5 sites 

in the Rhine Valley betveen France and Germany (Figure 6). 

Spotted knapweed plants ~ere readl1y identified in 

~he field by external morphologlcal characters (Flgure 8). 

Identiflcatl0n at the subspecles level vas not possible in the 

-fleld because plants vere only at the seedli g or bolting 

stage at the time of the survey. Classificat'on of the three 

subspecles of Centaurea maculosa 1S based primarily on 

morphological features of the flower -head (Heg1 1909) • 
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Table 4. Weed and Rust Population Parameters of European CQllection Sites. 

Site 

FC-OI 

Fe-02 

Fc-à3 

FC-04 

Fe-os 

GR-OI 

HG-Ol 

HG-02 

HG-03 

HG-04 

OS-Ol 

05-02 

OS-03 

Local1ty 

Chalampe, France 

Blodelstein, France 

Roggenhouse, France 

ReguIsheim, France 

Ottmarsheim, France 

18 tein, Germany 

Sopron, Hungary 

Sopron, Hungary 
; 

Balt, Hungary 

Balf, Hungary 

Homstein, Austria 

Mittemdorf"Austria 

Dumstein, Austria 

11 

Approximated 
area of site 

(m2) 

10 

4 

18 

100 

100 

30 
.J 

1,200 

4,000 

900 

10,000 

40 y OOO 

10,000 

10,000 

No rusted plant found st this site. 

Estimatcd ç 
c ove r--2l...,.J 
spotted knapweeda 

1 

r 

r 

r 

r 

1 

r 

r 

r 

r 

r 

1 

r 

- - ----------------
Estimated - No. of rust 
sociability collections 
of spotted 
knapweed b 

~ 
'il 

l 3 

1 2 

1 3 

l 2 

1 l 

1 3 

l 5 

1 1 

1 1 

1 * 
3 10 

2 8 

1 6 

Rating of 
rust col
lectionsC 

2 

1 

l 

l 

2 

2 

1-3 

2 

2 

'* 

3 

3 

2 

~ 
/oJ 
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Table 1 •• (Continued) 

... 

Site' Locality Approxima ted Estiinated 
area of site caver of 

(m2) spotted knapweeda 

,-
>, 

05-04 'Theresenca Feld, Austria 2,500 r 

OS-05 Sollenau, Austria 20,000 1 

OS-06 Sollenau, Austria 2,500 1 

OS-07 Eggendoff, Austria 10,000 r 

OS-08 Neufeld, Austria 5,000 1 

OS-09 St-Margarethen, Austria 1,000 r 

OS-10 Oggau, Austria 5,000 r 

OS-Il Donnerskirchen, Austr1a 20,000 r 

., 
05-12 Solle~au, Austria 2,500 r 

OS-13 Sollenau, Austria 2,500 r 
.. 

OS-14 Soll~nau,.Au8tria 250 2 
1 
'\ •. ::.....-

08-15 Neuribohr, Austria l,DaO 3 

OS-16 Oeynhausen, Austria laC ) r 

~ .-

Estimated No. Il t rw.t 
sociabil i ty collections 
of spotted 

. 

knapweed b },.' 

1 3 

3 8 

3 3 

1 7 

1 l 
, 
,\ 1 3 . 

1 4 

1 3 

1 4 .. 
1 1 

~ 6 

4 5 

1 3 

,J-

Rating of 
rust cOl-1 
1ectionsc 

2 

2 

2-3 

2-4 

1 

3-4 

2 

2 

2 

2 

3-4 

3 

3 

" 

.,. - ''!. 

f 

• tA) 
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Table 4. (Continued) 

Site Locality 

OS-17 Richardhorf, Austria 

05-18 Vosendorf, Austria 

RM-04 Crisulic, Romania 

RM-05 Po ieni, Romania 

a Braun-Blanquet classification 
of plant cover 

Class Degree of eover 

5 76-100% of the area 
4 51- 757. of the sres 

~ 3 26- 50i. of the area 
2 6- 257. of the area 
l 1- Si. of the area 
.... Less than 1% of the area 
r Extremely small portion 

of the area; usually on-
ly one specimen 

Approximated 
area of site 

(m2) 

6 

5 

100 

100 

Estimated 
,cover of 
spotted knapweed 8 

r 

5 

r 

r 

b 
Braun-Blanquet sociability 
scale 

Class Sociability 

Growina singly 
Growing in tuft. 

Estimated 
sociability 
of spotted 
knapweedb 

1 

1 

1 

1 

No. of rust 
collections 

6 

1 

1 

1 

c RUBt rating system 

Rating of 
rust co1-
lections c 

3-4 

4 

3 

3 

------------------------~~ 
Host reaetions 

o Immune, no symptoms 

; 

~ 

l 
2 
3 
4 
5 

Growing in small groups 
Growing in 1arger groups 
Growing in extensive groups 

0; Nearly immune, hyper,en.itiv. 
spot~, no uredinia. 

1- Very resistant, minute uredinia 
surrounded by necrotic area. 

2 Moderately resistant, small to 
medium sized uredinia, chlorosis. 

3 Moderately susceptible, medium 
sized uredinia, no necros~s, may 
be sorne chlorosis. 

4 Very susceptible, large uredinia 
~ften coalescing, no necrosis, 
may be sorne chlorosis. .,. ,. 
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Figure 4. Collectio~ sites (~) of rust fungi on C. maculosa Lam. 

in Austria and Hungary. 
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Figure 5. 

• 

Collection sites (Â) of rust fungi'on Céntaurea 
( 

maculosa Lam •. in Romania. 
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Figure 6. Collection sites (Â) of rust fungi on Centaurea 

maculosa Lam. in France and Germany. 
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Researcher5 irom the C. 1. B. C. had previously identif~ed the 

populatl0ns oi spotted knapwee''d at dlfferent s~tes ln Austr~a, 

Hungary, and France as~. maculosà ssp. rhenana. ~. maculosa 

55? m.l.cranthos was also present ln one populat.lon ln Hungary. 

Tt-.ese plants ."ere aIl found to be dlplold (2n=18) ( D. 

Schroeder, pers. comm. ). However. tetraploid plants (2n;36) 

have recently been identified from five collection sites in 

Hungary and Romania, includlng one Romanlan site (R!1-04) ~ in 
\. 

."hich a rust collectl0n ."as made during thlS sur vey ( Watson, 

pers. comm. ). Th~s conilrms that dliferent forms of spotted 

knapweed overlap geographlcally ln thelr dlstribution ln 

Europe and that rust collectl0ns may have been made on these 

dliierent iorms of the ."eed durlng thlS study. 

AlI collectlon sltes ."ere found in open, dlsturbed 

hab! tats su ch as roadsldes, ."aste places, and quarrles (Flgure 

" 7a, b ) , wlth the except~on of on~ slte ln Hungary WhlCh was a 
J.,1-t-l, 

natural forest steppe habltat (Flgure 7c). As prevlouSly 

repor: ted , lt appears that spotted knap"'eed lS excluslvely a 
" 

ruderal speCles ln Europe and lS not found ln cultivated 

fields (Hegl 1912). Spotted knap."eed lnfestatlons ."ere small 

( rarely exceedlng 2 hectares) and they generally 

corresponded to the magnitude of sOlI dlsturbance in t~e site. 

Spot ted knap."eed but 

occasl0nally gre." ln small groups of four or flve plants. The 

degrpe of coverage was estlmated to be less than 5'l. of the 

total area at aIl sltes except for two slt~s ln Austrla (OS-14 

jl 



Fi gure 7 .... TYPi cal European habi tats of Centaur~a 
ms1cu1 9Ss1 Lam. : 

a) Spotted knapweed plants (arrow) with a scattered 

b) 

/ 
/ 

dIstributIon ln a recen~bandolied quarry (col . ----
--------1 ecti on si t~ -OS:::07) • 

SPftted knapweed pl ants (arrow) on a slope of a 
! / 

Yineyard (tollectlon site 05-03). 
1 

c'! Spotted knapweed plants (not seen in the picture> 

/ 
wlth a scatter-ed distrIbution ln a naturai forest-

steppe, habl tat (coll ectl on SI te HG-04J . 

. . 
\ 

--
) 
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l, 
) 

Figure 7d. Typical f:uropean habitat of ~. maculosa Lam.: Dense 

infestations of spotted knapweed plants in a reeently 

disturbed field (collection site OS-14) • 

. 
Figure 8. External morphological 

plant along a roadside 

structure of a spotted kaapweed , 
J 

(collection site OS-07). ( 

Figure 9. Rust pustules (arrow) on basal leaves of a spotted 

knapweed plant (collection site OS-Ô7). 

< ... , ." 

j 
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and 05-15) ",here dense stands of spotted knapweed seedlings 

",ere observed, suggest~ng recent soil disturbance at these 

s~tes (F1gure 7dl. Spotted knapveed was commonly associated 

w~th plant communit1es composed of other pioneer species such 

as ,Plantago lanceola~a L., Carduus nutans L •• l1elilotus 

officina11s (L. lDesr .• Anthemis cotula L" Ech1um sp., and 

Achl.llea sp .. 

The low density of spotted knapweed obaerved in Most 

sites surveyed \n Europe ia an ind1cation that biotic f~ctors 

are~play1ng a maJor raIe in regulating the population density 

of thl.s weed • Spotted knapweed harbo~s a complex of natural 

enem1es in lts natlve ran~which contributes to the 

maintenance of lov plan~, denaity (Schroeder 1977). 

4.3.2 Ru st Collect10n 

A total of 106 rust collectl.ona vere made on apotted 
/" 

knapw.eèd <Table 4> wlth collections bel..ng made at each site 

surveyed excep;t for· one alte 1.n Hungary (HG-04 ) where no 

1.nfected plahts vere found. These resul ta indicate that 

spotted knapweed is probably attacked b~ ruat fungi throughout 

1. tg nat1.ve range. 

The prevalenG~ of the rust dl..sease was observed to be 

lov with fever than lOï.'of the plants being ~nfected at each 

al. te. The scattered dl..str1butl0n and scarcity of spotted 
, 

knapweed may have 1.nîluenced the l.ncidence and spreadof the 
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/ 
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disease 1n a location. The "underpopulation" of ~pecialized 
, 

pa1...h~ens caused by lo'li host frequency TTlay partly explal.n .... hy 

ser~oUs ep~demlCs ln' natural- ml.xed 'vegetatl.on are rare 

(Zadoks 1972 >. The severlty of the dlsease was algo observed 

\0 be low on most plants sampled .... l.th usually only the ,basal 

leaves ,of ~the bolted plants oovered .... lth uredinlB , ( Figure, 

9) . Occasionally, seedlings .... ere found to be infected by 

rust. React~ons of spotted knap .... eed plants in the fleld 

to the rust usually var~ed from 1 to 4 according to Stakman's 

scale. Differences ln host reactl0ns .... ere often observed 

lnthin a populatlo~n of spotted knap .... eed plants at one 

locatlon. Rust collectlons .... hlCh appeared most vlrulent on 

spotted knap .... eed (reactlon types 3 and 4> .... ere obtalned fro~ 

t 
the fol10..,ing sites: 05-07, 05-09, 05-14, 05-17, 05-18, RM-04, 

and "li-OS. Rust collectlons from the Rhlne Valley appeared to 

be less v~rulent than collectlons made ~n eastern Europe. 

The ~ncl.dence of rust dl.sease on spotted knapweed 

populat~ons in Europe has also been observed ta be law during 

prèvious surveys CD. Schroeder, pers. comm. J. Althdugh actual 

data on d1sease development ln natural ecosystems ar~ scarce, 

lt 1S generally agreed that 1n the center of dl.versificatlon 

where pathogens and host ~lants have commonly co-evolved over 
1" 

an extended perl.od of t1me, disease, vhl.le bel.ng ever present, 

rarely approaches epldemlc levels <Burdon and Schattock 19 

Harlan 1976; Knot t 1972; Segal e\ al. 1980; Zadoka 1972). In , 

" these S1 tuatl.ons, both host and pathogen ha ve reached a 
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dynamic equ~l~br~um ln WhlCh the d~sea~e does not threaten ~he 

host, and the host supports the pathogen inde.f ini tely (Har lan 

1976>, ThlS may expla~n the low lncldence and sever~ty of rust 
, -. 

dlsease that ~s probably prevalent 

" 
range of spotted knapweed. 

throughout the nat~ve 

/ .. 

There is no general consensus amongst plant 

patholog~sts concerning the effect of diseases on the genet~c 

composition of plant populat~ons in natural communit~es. Van 

der Planck (1975) and Nelson ( 1979) have emphasized the 

s~gni.ficance of horizontal (or field) resistance in preventl0g 

destructive dlsease incidence in the epicenters of host-

pathogen co-evolution. Burdon (1978) attributed the' typl.cally 

lov levels of d~seases ln natural plant commun~tl.es to their 

heterogenic composl.tion. Others have postulated that race-

specif~=, ol~gogenic mechanlsms of protection are also present 

~ ln 1ndl.genous ecosystems (Brownlng 1974; Brown1ng et al. 

1977). As for the nature of the pathogen, Knott (1972) and Van 

der Planck (1975) contended that d1sease ~n natural ecosysteme 

.favors the evolut~on of relatl.vely low v~rulence ~n the 
~ 

pathogen. Others argued that V1~ent and aggress1ve forms do 

develop ln indl.genous ecosystems (Moseman 1971; Zhukovsky 

1959>. 

Hore extensl.ve .field stud~es are needed to understand 

the dyhamics of rust dl.sease on spotted knapweed in its nat~ve 

range. Nevertheless, f~eld data fram the present survey 

suggest that the nature of vl.rulence 1n the rust pathogef m~y 

be distl.nctly dlverslfied. 
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CHAPTER V. SCREENING OF RUST COLLECTIONS 

5. 1 Introduction 

The screening of rust collections made 1n Eastern and 

Central Europe was undertaken ta determine the most virulent 

strain on North American spotted knapweed. The lack' of 

adaptatl0n on spotted knapweed of the six rust collections 

previously tested ln 1981 may have resulted from genetic 

variations ln spotted knapweed ln Eur~pe which precludes 

certaln biotypes of the rust from utilizing forms differing 

from those on WhlCh lt evolved. Hasan (1972,1981> has reported 

that rust collections made on Chondrll1a Juncea L. in southern 

Europe dlffered greatly in virulence to the Australian for ms 

of the weed and that specific stralns had to be aelected for 

certaln forma of the weed. The extended sur vey and more 

intensive colleGt1ng on spotted knapweed in Eu~ope should have 

increased the chance of finding more virulent strains of the 

rusta attacklng th1s weed 

5.2 nateria! and nethods 

After the1r arriva! at the quarant1ne facilit~ at 

59 
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Macdonald College. collect~ons were divided ~nto tvo partions: 

one portion was used ~mme~iately for inoculation on spotted 

knapweed seedlings and the other portion was retained as a 

hE?rbar~um specimen for la ter taxonomie observations. 

Collections whîch had lim~ted develapment of uredinia vere 

kept as herbarium specimens only. 

>, 

Seeds of spotted'~napweed from different locations 

in western North America were planted in pots <10.0 cm ~ . 
~ 

diameter, 8.5 cm high) filled with Pro-Mix, approximately 3 ta 

5 weeks prior ta inoculat1on. The seedlings vere thinned 

to a maximum of four per pot. Plants were grown in a 

controlled environment cabinet with 20· C ± 2·C day and 15·C ± 2" 

C night temperature, daylength of 15 haurs, and .light 

-1 -1 
intensi ty at plant level of 320! 10 J.\.E sec m Plants vere 

fertilized once every two weeks vith a complete commercial 

formulatl.an of 20N: 20P 2 05 : 20K 2 0 at a rate of 2.59 of 

fertilizer per liter of water. 

Inoculation procedure 

a) Uredl.niaspores vere hydrated far three haurs. Spores or 

small leaf pieces with uredinia vere placed on veighing 

paper situated on a moistened fil ter paper inside a petri 

dish sealed vith farafilm. 

b> The plants were moistened w~th an atomizer spray bottle , 

contal.n~ng ster1le distl.lled vater. 
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~) ~ydrated urediniospores were transxerred by finger or with 

the aid ox·a spatula to the leax surface. 

d) Inoculated leaves were gently rubbed vith the finger to 

spread the urediniospores. 

e) Inoculated plants vere then lightly sprayed with sterile 

distilled yater and enclosed separately in a polyethylene 

bag and incubated in the dark xor 24 hours at 23
D

C. 

x) Bags vere removed and inoculated plants transxerred to a 

controlled environmental cabinet wi th 20· C :t 2
D

C day and 

15·C ± 2°C night temperature, daylength ox 15 hours, and 

320:t 10 J.{E sec -1 -'1 
light intensity at plant level ox m 

from cool white f 1 uoresceht tubes supplemented vith 

incandescent lamps. Relative humidity in the growth 

cabinet ranged from 60r. to BOX. 

\ 
Diaease asaessment , 

The react10n type of eacn plant vas assessed 21 days 

aiter inoculat1on usfng the rating system of 0 to 4 developed 
~ 

for other rusts by Stakman ru al. (1962) as follo .... s: 
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Rust Rating System 

In:fection Type Host Reactions 

o Immune: No uredinia nor other symptoms 

0; Nearly im~une: Nq ured1nia, but hypersensitive 

spots present. 

1 Very resistant: Uredinia minute, surrounded 

by distinct necrotic areas. 

2 Moderately resistant: Uredinia small to 

medium, usually in green islands surrounded 
\\\\ 

by a chlorotic or necro~ic border.' 

3 Moderately susceptible: • Uredinia medium in 

4 

size, no necrosis but chlorotic areas may be 

present. Coalescence of uredinia is 

infrequent. 

Very s~sceptible: Uredinia large, 
\ 

and often 

coalescing. No necrosis, but chloros1s may 

be present. 

Uredinioapores were collect~d by tapping inofected 

leavea over a petrl dish and by cutting off leaves infected 

with uredinia. 
o 

This material was stored at 4 C f9r a maX1mum 

of one month or until subsequent 1noculat1on. The l.noculuill of 

the rust collect1ons was l.ncreased on spotted knapweed using 

the same 1noculat1on procedure descrl.bed above. 
/ 

! 

" 
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5.3 Results and Discussion 

AlI rust collections were rece1ved w1thin 18 ~ays o~ 

the date o~ collection at the plant quarant1ne ~acility. 

Sixty-three collections had su~~icient ured1nia development 

~or inoculation on seedlings o~ spotted knapweed. Results o~ 

pathogenecity tests of these rust collections are summarized 

in Appendix 1. AlI main geographic reglons surveyed the 

Rhine Valley, southeaste.rn Austr1a" western Hungary, and 

western Romani~ gave rust collections virulent' to North 

American spotted knapweed. In total, 48 rust collections 

represent1ng 21 European S1tes were pathogenic on at 1east one 

population of spotted ~napweed. 

Variations in host response were ohserved between and 

wJ.thin populations o~ spotted knapweed inoculated vith 

different rust collect10ns. However~ it is d1fficult to 

determine if these variat10ns in react10n type are solely the 

consequences of genetic factors o~ res1stance in the hast 

populat10n. Many inoculat10ns resulted 1n an immune host 

response (react10n type 0), and could he attr1buted ta the 

10ss o~ 1noculum viability from the time the collections were 

made J.n Europe to when they reached 
J 

the plant quarantine 

facil1ty by postal shipment (approx1mately 15 days). Prasad 

(1947) reported that ured1niospores of Pucc1nia carthami 

Cda, a closely related rust, had lost their viability 
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• 0 ~~thln three ~eeks at room temperature (25-35 Cl. It ~as later 
, 

ob~erved uSlng llght mlcroscopy, 1 that tellospores were present 

l ~l pust ules of more thëlll 20 of the rust collect lons made .on 

sp~tted knapweed ln Europe. The presence of tellospores in 

early summer on leaves of spotted knapweed ln Europe suggests 

that they represent the oversummer stage of the ru st cycle 

~here dry condltlons, as ln the Stelnfeld area, prevall 

throughout the ~ummer. These spores ~ill become dormant for a 

certain perl0d of tlme ëlnd wl11 requlre repeated perlods of / 

~et-dry cycles before they germlnate (Petersèn 1974) . These 

t",o factors, t,he .presence of tell0spores and the decrease ln 

inoculum viablilty, comblned ~lth a relatlvely lo~ lnltial 

l.noculum may have decreased the probabl1lty of obtalnl.ng 

l.nfectl.on on seedllngs of spotted knap~eed. Also, because of 

the very low lnltlal lnoculum, germinatlon tests were not 

performed on these collectlons. 

The lnoculatlon procedure, lncubatlon perl0d and 

controlled envlronmental condltions used ln these experlments 

were selected accordlng ta the optlmum condltlans reported 

for Pucclnla carthaml and many other rusts (Goulson 1967; 

Hasan 1972; Prasad 1947; Stakman ~~. 1962), 

When lnfectl0n occurred on lnoculated seedllngs of 

spotted knapweed, developed 11 to 13 days after 

lnoculatlon. Infectlon types 2 or 3 were often recorded on 

seedllngs of the d~fferent spotted knap~eed populatl0ns. 
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Occasiooally, infection types 1 or 4 were observed 00 fe.., 

J..nd~ vidua,l:;;;. These var1able results'..,ere rather consistent fo~ 

th~ d1fferent rust collectIons com1ng from d1ffer~nt s1tes and 

between collectJ..o~s cO~l.ng from the same Sl. te. No 

h!:erseos1t1ve response (react10n type 0;) was observed on 

any of the 1noculated leaves. The range of hast response 

10 the North Amer1can populat10ns of spotted knapweed appears 

to be s1m1lar t~ that WhlCh was observed ln the field survey. 

The most v1rulent rust collections are 11sted 1n 

Table 5. These 14 rust collect10ns produced 1nfectl.on type 3 

or 4 on spotted knapweed seedl1ngs. The rat10 of suscept1ble 

(r'eact10n types 3 and 4) and resistant (1nfect10n types 1 and 

2) pla~ts ta each collect10n 1S tabulàted. Bath res1stant and 

SUElcept1ble plants were found for 10 of these vlrulent rust 

collectJ..ons. One collect1on trom Roma01a. HM-05-b, was hl.ghly 

v1ruleot on spotted knap..,eed as 1nd1cated by a suscept 101& 

host response 10 aIl 14 1nfected seed11ngs irom three 

populat10ns. The uredJ..nla produce~ by thlS collectl.on were 

very large and developed rap1dly on the surface of the leat. 
/ 

ThIS rust collectl0n was chosen ta be used ,for aIl subs@quent 

test1ng . The other collect10ns .... ere kept v1able by 

1noculatl.ng them èvery mànth on seedllngs of spotted knapweed. 

The ruet collect10n RM-05-b was later identl.fl.ed as Pucc1nia 

centaureae DC . Taxonoml.G studl.es on th1B rust collect10n are 

reported 1n Chapter VIII, page117. 
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Table ~. List of the most virulent fust collections on populations 

of spotted knapweed. 

RlJ~ t Col-
1<, tian 

i- ,- ~l-c 

05-05-a 

0$"05-f 

05-07-g 

OS-09-.c 

OS-ll-d 

OS..!.12-d 

OS-14-a 

OS-14-c 

05-15-a 

RM-05-b 

Host Popu
lation 

SK-15,-17 " 

SK-ll,-17 

SK-ll,-17 

SK- 1,-17 

SK-ll, -16 ,-17 

SK-ll,-14,-17 

SK-17 

SK-17 

SK -15 , -16 , -1 7 

SK-ll ,-15 ,-17 

SK- 4,-8,-17 

a 
Ratingsyscêm: 

No. of suscePtib0e 
pl4nts (infection No. of 
type a 3 or 4) plants 

type 1 

11/7 

10/4 

2/5 

11/2 

5/1 

10/6. 

12/5 

19/9 

10/1 

12/15 

14/0 

o I~~une: No uredinia nor other symptoms. 

resistant 
(infection 
or 2) 

ç 

0; Nearly immune: No uredinia, but hypersensitive spots present. 

l Very resistant: Uredl.nIa minute, surrounded by distinct ne
crotic areas. 

2 Moderately resistant: Uredin13 ~mall ta mèdl.um, usudlly ln 
-green Islands surrounded by a chlorotic or necrotic border. 

J Moderatelv susceptible: Uredinia medium ln SlZE', no necrosis 
but chlorotic areas may be present. Coalescence of uredlnia 
is infrequent. 

4 Very susceptible: Uredin13 large, and often coalescing. No 
necrOSlS but chlorosis may be p,resent. 

, 

66 



.. .. 

CHAPTER VI. HOST SPECIFICITY OF PUCCINIA CENTAUREAE 
/ 

6. 1 Introduction 

Prior ta t~release of an exotic weed control 

organism in North America, it is necessary to demonstrate its 

1 

hast \specifici ty. Therefore, once the pathogenicity of the 

rust collectlons to North American populat~ons of spotted 

knapweed had been determlned, the collectlon whlch appeared 

the most. vlrulent, RM-05-b, was selected for subsequent host 

speclflclty test~ng. This rust collectlon was later identified 

as Pucclnla centaureae OC. A prlme concern of biological 

control lS that the biocontrol agent must not attack any 

cultlvated or ecologlcally lmportant plants ln the reglon in 

which lt 18 to be released. 

Different methods have been de8crlbedi those which 

have been perfrcted for testlng the safety of exotlc organisms 
\ 

are malnly for'insects (Dunn 1978; Goeden 1977; Zwolfer and 

HarrlS 1971). Wapshere (~974b) has developed a method, the 

centr~fugal phylogenet~c system, that is applicable to aIl 

organlsms, lncluding rust pathogens. This approach is based on 

the assumption that related plants are morphologically and 

b.l.ochemlcally more Slmllar than unrelated plants. The 
c 
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procedure 1~ to test theoagent 
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plants from 

those most closely related to the ~~ed progresslng'to 
. . 

suc ::esslvely. more and more dlstantly elated pl;:,rt'lts unti~l the 

• As a further host range haB been adequately circu 

assurance of safety, Wap'shere Buggested that the crop plants 

whose mycologlcal record lB poorly known and the crop plants 

thaC for 'cllomatlc or ecological reasons have, not been 
T 

exposed to the bl010g1cal agent, 
\\ 

should also be tested at the 

~ same time as crop plants related to the weed and crop plants 

attacked by related organlsms. Harrlos 
~ 
and Zwolfer ( 1968) 

suggested that plants possesslng simllar secondary chemicals1 

should also be tested . Wapshere (1974bl has discu8sed the 
, 

biological princloples supportl.ng hl.s testing method. He also 

recognlzed that certaln llo.mltatlons eXlst li on Iy plant 

bloochemistry loS useq for establl.shlng the ll.st of test plants 

(Wapshere 1983) . He explalned that ln the ca~e of lnsects 

attacking two related weeds, Echl.um species and Helotropium 

species, there was a relatl.onshlp between pl~nt chemlocais and 

host selection whl.ch could have confirmed the host speclficity 

demonstrated by testl.ng. However, in the case" of the host 

specl.ficity of Chondrlila ]uncea arthropods, only one species 

had a host selectl0n that seemed to be related 1 to known D. 
'ljj 

. phytochemistry. There are yet n® clear indications on the 

phytochemistry of ~he genera of the sub-trlbe Centaurlneae 
/' 

that would help ~n establlshl.ng a list of potentl.al hosts for 

,organlosms a't tacklong Cen taurea sp. (Wagner 1977). 
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The centr~fugal phylogenet~c system as descr~bed 

or~glnally by Wapshere rem~~ns the safest method for the 

c'E' ': 2rm ~ nat.l on of host speclf~clty of bl0control organlsms. 
J 

-:-",::"5 l''lethod has been used effectlvely to demonstrate 

tOI;? safety of many blologlcal control organlsms and also the J. 

1} speclf ~Cl ty of Pucclnla chondr~lllna on skeletonyeed ( Hasan 

J 1972; Wapshere 1975). ThlS method yas used ln thlS study ta 

determ~ne the host. range of an lsolate ot g. centaureae 

collected on spotted knapYeed ln Romanla. 

Biologlcal speciallzatl.On, aB an adaptat~an of 

obligate parasites ta l~ve on definlte hast plants only, ia 

explicltly manlfested in rust fungl < LePPlk, 1965). Rust fung~ -
have evolved ~n lnterdependence Ylth ~helr hasts ln thp. center 

of origin and genetlc d~versificatl.on of the latter. This 

concept. first expresssed by Oletel ln 1904, has galned 

\.. general acceptance (FIor 1955; Gaumann 1952; Leppl.k 1970; 

Savile 1971 ; Zhukavsky 195.9). The range of hast apec~flclty 

• ~ of rust fung~ e~ables them to attack dl.fferent host species 

but at the same time ta have hlghly speclflc interactions 

wi th in t_heir main hast spe,cl.E>B (Leppi k 1955). 

Host speclfl.cl.ty tests have been.faund effectl.ve for 

selecting safe blocontro: agents sinee host transference has 

not .occurred among organlsms used for biologlcal control of 

weeds in Nor~h Amerl.ca (Huffaker 1973). 



, . 

70 

6.2 MaterialS and Ml?thods 

The host spec~f~c~ty of E. centaureaer was I?xam~nl?d 

us~ng the centr~fugal phylogenet~c systl?m. Thl? sequl?nce of 

test plants was as follaws: 

Testing SE'quence ~, Plants ta be tested 
, ~ 

------------------------------------~----------------- --------

l Populations of Centaures mac~loB, .. 

2 Other Centaurea sp. 

3 OthE'r membl?rs of the sub-tribe 

Centaure1naE? Dumort. 

4 Other members of tribe Cynareae 

5 Representat~ves of other tribE?s 

of Asteracl?ae Fam~ly. 

6 Selected spE?c~es of maJor econo-

mie ~m'portancE? from other Fam~l~es. 

!J 
The test plants are l1sted under the names uBed 1.n Flora 

Europaea < Tutl.n rl al. 1976). The tr~be8 of the Astl?raceae 

family ..,ere classified accordlng ta Cron'qulst ( 1955, 1977) . 

Classif1cation of the genera w~th:tn the Cynarae was taken :tram 

Dlttrlch ( 1977 ) but the sub-trlbes of Cynarl?ae ..,ere nat 

elevated ta tribal rank as proposed by Dittrich. Cranquist 

(1977) dld nat agree with elevating these related sub-tribes 

" 
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ta tr~bdl rank_ Sub-geftera and sectl.ons of the sub-tr~bE' 

Cent~urelnae have b~en treated accord~ ng ta Tutln et .§1.. 

(: ~76). 

The plants were grown l.~ pots 10 cm dlameter and 14.4 

hlgh fllled wlth Pro-l''Il.x. They were lnoculated at the 

Juvenlle stagE' (4 ta 6 weeks old> by fallowlng the lnaculatlon 

procedure descrlbed ln sect10n 5.2, Fresh lnoculum of g. 

ceontaureae was prevlously harvested from àpotted knapweed 

plants. The number o:f indiv1duals of each plant spec1es 

tested varled d~nd~ng on avallabll~ty of seed collectlons 

and germlnatlon rate. A maXlmum o:f :four plants were lnoculated 
(' 

ln each pot. Each lnoculatlon of tests plants was accompan~ed 

by 3 to 4 lnoculated spotted knapweed plants. AIL 1noculated 

plants were incubated and trans:ferred ta a controlled-

enVlronment cab1net as descr1bed ln sectlon 5.2. Disease 

assessment was per:formed 21 days a:fter l.nocula''è'.l,on. 

6.3 Resulta 

Host speclof1cl ty tests were:f lrst carried out by 

inoculatlong ',nld and cul tlvated Centaurea sp. closely related 

to spot ted knapweed, :followed by speCles of other genera of 

the four sub-trlbes of Cynareae, namely; Centaureinae 

Carduinae, Carllnlnae and E.::hinops1d1nae. Afterwards, members 

of other trlbes' of Aste?raceae .... ere tested followed by 

representatlves of other plant families which are economically 
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lrr.portant 1.n North Amer lca. Results of hast specificlty are 

summarlzed 1.n table 6. 

None of the plan t spec1.es outslde the Cynareae t r 1. be, 

.. ln'::)culated "tlth the lsolate of E. centaureae, became lnfected. 

Th?se non-hast specles lnclude 12 maJor economlC crop plants 

and 13 specles repreBentl.ng 9 trlbes of Asteraceae. Tva 

tribeB, the ~utlseae and Vernoneae, vere not repreBented 10 

the testl.ng becaUB@ of unavailabl1lty of seeds. Pfembers of 

these two trlbes are dl.strlbuted ln the southern Hemlsphere, 

wlth the exceptl.on of some Vernonl.a s~. whl.ch are found ln 

North Amerlca. These twa trlbes have no specl.es of economic 

importance (Cabrera, 1977; Jones 1977). 

The experlmentally determ1.ned hast 

centaureae vas conf1.ned to four genera of 

Centaurinae, 

Cn1.cus. All 

namely; Amberboa, Cartha mus. 

in'Ocul<!tl.ons on spot ted k1apweed 
1 

range of P. 

the Bub - t r lbe 

Centaurea and 

plants that 

accompan1.ed each test resulted ~n l.ofectl.on and subsequent 

develapment of many Uredln1.a on the leaf surface 11 days after 

inoculat1.on indicating that all tests were performed under 

optlmum condltlons for rust lnfection. 

P. centaureae was found to be pathogenic on 25 of th~ 

52 species or subspec1.es of Centaurea tested. Suscept ible 

Centaurea species show1.ng reaction types 3 and 4 were found in 

sub-genera Acrolophus, 1.n WhlCh Centaurea maculosa belongs, 

also ln sUb-genus Jaceae, Phalolepis, and Cyanus. The 



TanIt- fi. Rcsults of ho!:>t spcdf:icity tests of Puccinia centaureat! OC. 
-------~ ...... ---~- ----'----~------

:'_-::1)' Asterat:.eae 
:~!b~ Cynarpae , 
Eub-tribe Centaure luae 

Sub-geuus Acrolophus 
Seétion Haculosae 

è:entaurea maculosa Lam. 

North American populations 

SK-l (Québec, Canada) 
SK- 2 (Spokane, Wash .• l!SA) 
SK-S (Québec, Canada) 
SK-6 (Pu llman, Wash., USA) 
SK-8 (Montana. USA) 
SK-IO(Oregon, USA) 
SK-ll(Québec, Canada) 
SK-14(Québec. Canada} 
SK-lS(Montana, USA) 
SK-16(Montana. USA) 
SK-17(Montana, USA) 
SK-32(California,USA) 

European populations 

Aust ria - 1 
Aus tria - 2 
Austria - 3 
Austria - 4 
Czechoslovakia - 1 
Czechoslovakia - 2 
Czechoslovakia 3 
Czechoslovakia - 4 
Czechoslovakia - 5, 
Czechoslovakia - 6 

... " 

Numbc 1; o.f plan ts 
inoculated __ . __ __ 

6 
6 
4 
9 

13 
3 

19 
17 , 10 

5 
155 

5 

5 
5 
5 
5 
5 
5 
5 
5 
5 
5 .. 

Infectioo 
type a 

3 
2 
2,3 
3.4 
2,3 

'1'1,2 
2,3 
2 
3,4 
3 
2,3,4 
3,4 

2,3,4 
3,4 
3 
3 
3 
2,3 
3 
2.3 
1,2,3 
2 

}3 

. . 
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Table 6. (Continued) 

Sub-genus Acrolophus 
Section M.;iculosae 

Centaurea maculosa ttam. 

European populations (eont t d) 

Wes t Ge nnany - 1 
West Germany - 2 
Hungary - 1 
Hungary 2 
Hungary 3 
Hungary 4 
Hungary 5 
Hungary 6 
Romania 4 

Centaurea va11esiaca (OC.) 
Jordan 

Section Arenaria 

Centaurea arenaria Bieb. 
ex Willd. 

Section Cylindracea 

Centaurea diffusa Lam. 

DK-l (Wash., USA) 
DK-S (Oregon, USA) 
DK-6 (Idaho, USA) 
DK-9 (Wash., USA) 
DK-10 (Cal., USA) 
DK-21 (Babadag, Romania) 
DK-22 (Cal., USA) 

Number of 91ants 
inoculated" 

5 
5 
5, 
5 
5 
5 
5, 

\~-

2 
5 

3 

2 

3 
3 
.5 
l 
4 
7 

16 

lntee'tion 
type a 

2 
3,4 
2,3 
3 
3 
3 
3 
2 

\3 
f , 
0,3 

o 
1 

0,0; ,1 
0; ,2 
0,2 
2 
0; ,1,2 
0,0;,2,3 
2,3,4 

,\ 
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Tabl\:! 6. (ContinueÈl 

Sub-genus Acrolophus (cont 'd) 
Section Paniculata 

C. paniculata L. 

Section Calcitrapa 

C. calcitrapa L. 

Sub-genus Seridia 

C. aSEe ra L. 

C. naEifolia L. 

C. sonchifolia L. 

Sub-genus Solstitiaria 

C. 501st1tia11s L. ./~'\ 

\. "" 
501-1 (Danemark, Europe) 

Number of plants 
inoculated 

11 

10 

9 

7 

2 

4 

501-2 (Trinit y COo, California, USA) 8 

501-3 (Loomis, Co.,California, USA) 7 

c. meli tensis L. 7 

C. sulphurea Willd. 2 

C. eriophora L. 3 

C. diluta Aiton 2 • 

Sub-genus Phalolepis 
Section Pha101epis 

C. a1ba L. 8 

c. a1ba ssp. deusta Ten. 6 

Infection 
type a 

0 

0,0; 

0 

0 

0 

0 
0.0; ,1 
0,1 

0; ,1 

0 

0 

-0 

0,,2,3 

0,2,3 
;> 

( 

( 1 
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Table b. (Continued) 

S·!~-tribe Centaureinae (cont' d) 
:'l)b-genus Jacea 
Section Jacea 

Jac-l (Rhine Valley, R.F.A.) 
Jac-2 (California, USA) 
Jac-) (Quebec~ Canada) 

C. jacea L. ssp. amara 

Section Fimbriatae 

f. 'decipiens Thuill. 
ssp. decipiens 

C. macroptilon Borbas 

C. microptilon Gren. et Gondran 

'~~ction Nigrescentes 

C. nigrescens W111d. -. 
Section Lepteranthus 

C. debeauxii Gren. et Gondran 
ssp. nemoralis (Jordan) Dostàl 

ssp. thuillieri Dostàl 

C. nigra L. 
Nig-l (Denmark) 
Nig-2 (Cap Bre ton, Canada) 
Nig~3 (Nova Scotia, Canada) 

f. nigra 1. ssp. rivularis 

Number of 1'1ants 
inoculated 

6 

2 
7 

10 

1 

7 

10 

12 

4 

8 

3 

10 
5 
4 
8 

2 

Infec don 
type a 

0 

0 
O~O; ,1 
0,2 

1 

o 

0,1 

0,.0; ,1 

o 

0,0;,1 

1 

0 
0.0; 
0 
0 

0 
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Table 6. (Cont inue_d) 

:: ..:b-genus Jacea 
S~ction Lepterdnthus (cont'd) 

C. phrygia L. ,~ 
1 

C. phr~8ia L. ssp. carpati ca 
(Pore) 

C. pniflora Turra 
ssp. unifiora 

Dostàl 

ssp. nervosa (Willd.) 
Bonnier & Layens 

C. pectinata L. 

Sub-genus Psephellus 

C. dealbata Wiild. 

Sub-genus Cyanus 

C. montana L. 

C. depressa Bic,b. 

C. cyanus L. 
Cyn-I (Belgium) 
Cyn-2 (Finland) 
Cyn-3 (Callfornia, USA) 
Cyn-4 (Besançon, France) 

Sub-genus Lopholoma 
Section Aegialophila 

.f. aegialophila Wagenitz 

Section Lopholoma 

~. alpes tris Hegetschw: 

Number of ~lants 
inoculatcd 

8 

4' 

3 
6 

5 

5' 

4 

1 

1 
1 
3 
3 

8 

4 

Infection 
type a 

1,2 

0,1 

3 
0;,1,2 

0;,2 

o 

0 

0 

2 
3 
3 
0;,3 

o 

o 

77 
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Table 6. (Continued) 

Su~-genus Lopholoma 
~;<-'ction Lopholoma (eont'd) 

C. seabiosa L. 

ssp. uniflora 

SSp. alba 

Section Orientales 

C. atropurpurea Waldst. & K.T. 

S~ction Acrocent~ 

C. omata Willd. 

C. grbavaçensis (Rohlena) 
Stoj. & Acht. 

Sub-genus Centaurea 

C. ruthenica Lam. 

C. afrlcana Lam. 

Number of plants 
inoe \lIa ted 

la 

5 

4 

4 

6 / 

4 

1 

3 

Species not classlfied in Flora Europeae 

C. americana Nutt. 6 

C. ferox Desf. 1 

C. involuerata Desf. 6 

C. macroeephala Pusehk. ex. Wi.Lld. 7 

C. rnurieata L. 1 

Infee tion 
type a 

~o; 

o 

o 

0; ,0 

o 

o 

0 

0 

2,3 

0 

0 

78 
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Table 6. (Continued)_ 

Number of plants 
lJlnculated 

Cé:1taurea sp~cies oot classified 
.- Flora Europeap (Cont 1 d) 

C. simplicaulis Boiss. & Huet 

C. virgata Lam. 

Tri be Cynareae 
Sub-tribe Centaureinae 

Acroptllon repens (L.) DC. 

Amberboa moschata (L.) oc. 

ssp. suave 1 i ens 

Carthamus tinctorius L. 
Cultivar "DART" 

"CILA" 
"vC-41" 
"VFR" 

Cheirolophus mpervirens 
(L.) Pamel 

Cnieus benedlctus L. 
~ 

Cnicus gnaphaloldes (Ajr.) Bertd. 

Cruplna crupinastrum (Moris) Vis. 

Cyanopsis murjcata (L.) Dostàl 

Leuzea centauroides (L.) J. HOIUbL 

Mantisalca salmantica (L.) 
Briq. & Cavillier 

4 

4 

13 

3 

5 

2 
2 
2 
2 

8 

8 

7 

8 

4 

19 

8 

10 

\ 
/ 

Infection 
type a 

o 

o 

0 

1.2)3 

0.2 

0; 
2 
2 
1 

0 

0 

1 

0 

0 

0 

0 

0 
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Table 6. (Con tinued) 

Tdbe Cynareae 
S~.b-t:r1be Centaureinae (con t' cl) 

Se rrula ta t iDe ta r la L. 

Volutaria lippU (L.) Maire 

Sub-tribe Carduinae 

Arctium mtnus Bemh. 

Aret ium lappa 1. 

Carduus nutans L. 

Cirsium arvense (L.) Scop. 

Cirsium vulgare (Savi.) Ten. 

Couslnia hystrix L. 

CrJara scolymus L. 
ë. v. Green Globe) 

Cmara cardunculus 1. 

Galac ti tes tomen tosa Moench 

Jur inea ala ta 

Notobasis synaca (L.) Casso 

OQopordum arabic..um auct •• non L. 

Pienomon acama (L.) Cass. 

Number of plants 
inocula ted 

5 

7 

2 

" 
la 

8 

16 

4 

18 

12 

16 

9 

10 

6 

11 

Ptilos temon casabonae (L.) Greuter 2 

Saussurea albescens Book & Thorns 13 

5ilybUJll rnarianum (L.) Gaertner 10 

J 

Infection 
type a 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o. 

o 

o 

o 

o 

o 
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Table 6. (Con tinued) 

Tribe Cynareae «('ont' d) 
Sub-tribe Carlininae 

Carlina vulgaris L. 

~sp. stenophylla 

Xeran themum annuum L. ' 

Xeranthemum superb:i.ssimum 

Sub-tribe Echinopsidinea 

Echinops banati.cus Rothel 
ex. Sharader 

Echinops r1tro L. 

Tribe Eupatorieae 

Ageratum haustonianum Mill~r 

Tribe lnuleae 

Fil-.go vulgaris Lam. 

rnula heleniurn L. 

Tribe Heliantheae 

Helian thus annuus L. 

Tagetes erec t~ L. 

Tagetcs patula L. 

Number of plants 
inocula te'd 

10 ~ 

10 

14 

5 

" 4 

Il 

2 

Il 

Il 

6 

4 

Infection 
type a 

o 

o 

o 

o 

o 

o 

'0 

o 

o 

o 

o 

61 
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Table 6." ( Continued ) 

Fami.ly Asteraceae (cont' d) 

Trib~ Astereae 

Aster chinensis L. 

Trlbe' Anthemideae 

Chrysanthemum maximum Ramond 

Tribe Sene,cioneae 

Arnica montana L: 

Senecio bicolor (Willd.) Tod. 

q,Humber of plants 
inoculated 

3 

Il 

1 

12 
ssp. cineraria (DC.) Chater 

Tribe Calenduleae 
(J 

Calendula offid .. nalis L. 

Tribe Arctotideae 

Gazanis rigens (L.) Gaertner 

1 
Tl'ibe Cichorieae 

Lactuca sativa L. 

t ", 
Crop plants from other families 

Family Solanaceae 

~ 

Solanum tuberosum L. 

12 

9 

16 

, .. 
Infection 
typea 

.\ 
o 

o 

o 

o 

o 

o ~ 

o 

$2 



( 

( 

'. 

1 

... .,.1, 

Table 6. ( Continued ) _r 

) 

Number of plants 
Inoculated 

T'-
C,:"p plant:s from other families (cont' d) 

.J' 

ramily Apiaceae 

Daucus caro ta L. 
var. eativa DC. 

(c.v. Toumon), ':':; 
*;-' 

Family Rosaceae 

Frasarla ananassa Duch. 

ramily Fabaceae 

Glycine ~ Herr. 

Medicago sativa L. 

"Sr, Faml1y Linaceae 

Linl:::1 usitatissimum L. 

Family Brassicaceae 

Brassica napus L. 

Brasslca campes tris L. 

Fami!y Chenopodiaceae 

Beta vulgaris L. var. conditi"·s 

20 

11 

12 

20 

16 

20 

8 

20 

Infection 
type·' 

o 

o 

o 

o 

o 

o 

o 
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'f. 
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Table 6. (Continued) 

Number of p;~, 
inoculated 

Infection 
type8 

Crops plants from other hmilies (cont 1 d) 

a 

/' 
Family Poaceae'" 

Avenac sativa L. 
1 
" 

Hordeum vulgare L. 

Triticum aestivium L. 

12 o 

12 o 

4 o 

Ra,ting System: 

0 

O· , 

1 

2 

I!l' 

3 

4 

,. 

, 
Immune: No uredinia nor other symptoms. 

Nearly immune: No uredinia, but hypersensitive spots present. 

Very resistant: Uredinia minute,' surrounded by distinct necrotie 
area. \ 

}ioderately resistant: Uredinia smail ta meë:lium, usually in green 
Islands surround~d by a chlorotie or necrotie border. 

Moderately susceptible: Uredinia medium 'in size. no necrosif! but 
chlorotic areas may be present. Coalescence of uredinia is in~ 
quent. ) 

Very susceptible: Uredinia 'l'arge. and often coaiescing. No necro
sis, but chiorosis may be present. 

.. Il 

'. , 
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species t~~ed in sub-genus Solstitiaria and, Lopholoma had , . 
l 

reSistant or immune responses. Only 1mmune species were found 

i'n spec1es of sub-genus Serid1a and Psephellus. Centaurea 

species not class1f1ed 1n Flora Europeae and on wh1ch ~. 

c"-":1".aurea~ ..,as pathogenic ,include C. involucrat y and .k.. \ 

vJ.rga'ta. The· only specieg native to North America, .k.-, 

americaoa, vas immuoe to the rust. 

The species of Centaurea tested ha~e been classified 

according to their response to rust infection (Table 7). Seven 

species. including C. maculosa, vere fully susceptible • Fev 
c' 

resistant .plants were found,io these species. A resistant hast 

respon~e Creaction type 1 and 2) was recorded on 10 addition.al 

species of Centaurea. This means that E. centaureae was ab1é 

ta 10fect and produce a second generation of urediniospores 

00 Juvenile plants of 17 CentauL~a species. AlI other species 

were ~nearly to complet~ly immune to rust infection and no 

uredinia vere produced on these plants. 

P. centaureae vas inoculated on spotted knapve.d 

plants from 12 localities of eastern and western parts of 

Nort'h America . .., r 
'_, 

The ma]ority' of plants from these populations 

were susceptible vith' only fe.., moderately resistant 

individuals . Similar respohses were observed in inoculated 

../ 
spotted knap..,eed plants from 19 European sites. There were no 

apprec1able differenbes 1n host responses among aIl these 

populati8ns of spotted knapweed. The lack of hypersens1tive 

respons~ on aIl inoculated leaves of spotted knapweed 18 

/ 
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Table 7. Response of Centaurea species to Puccinia centaureae ne. 

Ilmlune Response 

Infection Typeû 0 

f. aegialophila Wagn. 
f..- africana Lam. 
C. alba L. 
C. alpes tris Hegetschw. 
C. americana Nutt. 
ë. &renarla Biab. ex W111d. 
C. aspera L. . 
f. atropurpurea Waldst.& K.T. 
C. dealbata Willd. 
C. calcitrapa L. 
C. debauxll Gren.& Gondron 

ssp. nemoralis (Jordan)Dostàl 
~. declpiens Thuill. ssp. dec1plens 

f. nigra L. 
~. nigra L. ssp. rivularis 
~ nigrescens Willd. 
f. omata Willd. 

Nearly Immune 

Infection Type 0; 

f.. calcitrapa L. 
C. cyanus L. 
C. debauxii 

f. paniculata L. C. 
ssp. nemoralis 
diffusa 

f. phrygia L. ~. grbavaçensis (Rohlena)Stoj. 
/1. Acht. ssp. carpatlca(Pore)Dostàl . 

Of. rutheni.ca L_am. . f.. microptilon 
C. scabiosa L., _ C. nigra 

. ( -
ssp. scabiosa ' C. pe-ctinata L. 
ssp. unifiora C. scabiosa 

f. simplicaulis Boiss.& Huet C. solstitialis 
. C. solstitialis L. C. uniflora Turra 

C. sonchifolia L. ssp. nervosa (Willd.)Bonnier C. depresss Bieb. 
C. diffusa Lam. 
f.. dlluta Aiton 

~ f.. sulphurea Willd. & Leyens 

f. er1~~hora L. 
f. fera Desf . 
.f.. j a-cea L. 
f: macrocephala Pusc:k.ex W111c1. 
C. macroptilon Borbas 
f.. microptilon 
f.. 'montana L. 
f.. muricata L. 
f.. nap:lfol1a L. 

Gren.& Gondron 

~::.. 

. , 

C. vallesiaca (DC.)Jordan 

~ 
s, 

~ 

CD 
Q) 

. ,. 
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Table 7. (Contlnyed) 

-Resistant response 

Infection type land 2 

-"f.. ~ 
f. alba ssp. de~sta Ten. 
Q. cyanus 
C. debauxii ssp. nemoralis 
- ssp. thuillieri Dostàl 

diffusa 
• involucrata Desf. 
• jacea 
• jacea ssp. ~ 

macroptilon 
maculosa Lam • 
melitensis L. 

f. _ microptilon 
Q. phrygia 
f.. phrygia sap. carpatica 
C.- ~ctinata 

C. solstitialis 
C. uniflora a.p. nervoaa - -
C. virgata Lam • 

.... 

.., 

a' Rating system as described on page 84. 

\ 

" - ...-., 

... 

~ 

'\ 

Susceptible responB~ 

Infection type 3 and 4 

C. alba - --f. alba ssp. deusta 
.f. -cyanus 
f.. diffusa 
C. involucrata 
C. maculoSa 
f. uniflora ssp. uniflora 
é. valles1aca 

, , 

)l;Q 

.. 

l 

~-, 

1 

CD --. 
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noteworthy. 

/ 

of. centalArea~ vas able to infect under controlled 

env.ironment conditions, three apeciea auta1de the genus 
./ 

Centau'rea. The responae to rust infection by AEberbga mascbatl 

(L. ) OC. vaa ~rom ~ery rea1stant to moderately .susceptible 

( r-e,action' types 1 to 3) . This species has alao be.n 

previoualy named Centaurea moschata L. • Carthamus tinetorius 

L. shoved a range of resistant reaponae, from nearly immumt 

to moderately res,iatant (reaction types' 0; to 2). Cnicus 

benedit::tus L. was very resistant to the .rust Creaction type 
Il 

1). Carthamus lanatua L. <1.and Cnieus gnaphaloides (Cyr.) Bertol •. 
, p 

vere immttlne to ruat infection (reaction t'ype 0). 

G. 4 Discussion 

: . )' . 
The hast apecifie! ty atudy reveala that the isolate 

of.f... centaureae, collected on apotted knapweed in Romani.a, 1a 

pathogen~c on other Centaurea species and that its hast- range 

extends te thre~ other genera of the Bub-tribe Centaurinae 
1 

that have 
t 

never (been reported te !larbor thia ruat species. 

Hovever, the rust isolate was found to be of very low 

virulence on many af these species as indicèted by a nearly 

immune and highly resistant hoat reapanse. This was 

particularly true fer CentaureéLl sp. 
/ 

belonging ta sUb-genùs 

Jaceae and Solati tiari.a, and also :for CarthamuB tinctorius and 
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Cnicus benedictus. It coùld be, possible that this extellded 

1 

hast range represents a controlled-environment phenomenon and 
/ 

m~y not represents the t~~e field hast range. According to 

Yarwood (1959)" there ar"? man y èases of successful artificial 
1 

1. r.oculat ~Of plants' wci th p'athogens which have nat been found 

aseocl.ated ~ these plants in nature. Although such 

a phenomenon could also be expla~ned by the fact that pathogen 

and hosts did not come in' contact in nature or that field 

observations have not been sufficiently intens'ive, it iB.;. 
J 

suspected that predisposition, under controlled environmental 

candi tions, is playing a maJor role in extending the host 

range of 2. centaureae. The principal predisposing featurea of 

controlled-environment, experiments may not be known precisely. 

However" the tact that, planta in a growth cabinet are usuall.y 

more l.iberally wate~ed and fertilized , and the conditions are 

optimum for pathogenesis during the exper,iment, as ~ompared to 

~1eld environment which varies constantly, may predispose the 

pl.ants to disease. 
," 

" 

Van der Planck (1975) and Nelson" <1979> jhave 

that in ecosyatems, horizontal. (or field) 

reeietance in nature ls of major importance and that 

hyperaen~itivity is a rare event (Nelson 1979). Nelson cited 

the example of Solanum speciee and the blight fungus which co-

evolved in Mexico and where no tuber-bear1ng Solanum sp~cies 

vere immune or hypersenaitive when exposed to the pathogen 

under natural field conditions in that country. Others have 
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however presented different opinions and recognized that 

hypersensit~vity and vertical resistance do have a role ta 

play in natural ecosystems but only ~z they are -backstopped-

by field resistance (Browning 1974,1981; Browning et al. ~977; 

Segal ~ 1!.l. 1980). The consiatency oz immune, hypersensitive 

and highly reaistant responses. under controlled environmental 

condi tions. in many wild Centaurea apecies does not reflect 
, 

the ,genetic diversity, vith respect ta host response. that 

might be expeeted from natural host speeies. Horeover, in the 

host specifiei ty test as well as the screening of rust , 
collections. spotted knapweed populations showed a range of 

'host responses but no hypersensitivity. It is then questioned 

ii these res1stant speeies would actually harbor this ru st 

isolate in Europe. On the other J:land, ainee the rust vas able 

to infect and produce seeondary inoculum on sorne of these 

resistant apecies, i t 1a suapec~ed that the rust could 

possibly transfer and adapt itse1f ta these potential hasts in 

absence of its natural hast in the plant community. The 

plastici ty and broad adaptabili ty of this rust, as reeognized 

in this study. would explain the num~er of different variants 
\ 

of ..E.: centaureae reported in Europe (Gaumann 1959; Guyot 1967; 

Sa vile 1970a). 

The gefgraphical distribution of Centaurea in Eurbpe 

seems ta give an indication of the potential host range of the 

rust iaolate. Taxonomie relationships betyeen theae species 

are of little value aince bath host and non-host apecies vere 
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• 
found in the same sub-genus such as Acrolophus. By examl.nl.ng 

the distr1but~on o~ Centaurea speCl.es as reported in Flora 

Europaea C Tu tl. n .!ll-.ê.1. • 1976) , it was found that aIl the 

Centaurea speCles tested which are distributed outside the 

na~1ve range of spotted knapweed or fpund in alp1ne habl.tata 
) 

were immune to the rust isolate. The species on which the rust 
ô 

iaolate was pathogenic are in part or totally distributed 

inside the native range of the targ~t weed. Because of 

geographic isolation, Centaurea species which are d~stributed 

outside the native range of spotted knapweed or found at high 

altitudes may have never been exposed to this variant whieh 

has become specialized on its main host species. However, 

these species have been reported ta harbor other variants of 

~. centaureae (Guyot 1967) and these variants have probably 

become adapted to their hosts in the same vay as the variant 

on spotted knapweed. 
1 

\ 

/ 

It is interesting to note that sorne species such as 

CentaUrea Jacea and ~ scabiosa which are probably growing in 

the same habitat as spotted knapweed in Europe CHegl. 1912) 

Vère very reslstant to the rust iaolate. This may indicate 

further speclall.zation of the spotted knapweed rust sinee 

these species have also been reported to harbor other variants 

of .f. centaureae in Europe (Guyot 1967). This would mean that 

only six species of Centaurea, listed as susceptible in Table 

8, may represent natural hasts of the ~. centaureae .. 
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Speciee from three related genera of Cynareae were 

found to be potential hoets of E. centaureae. namely êmberboa 

moschata, Garthamus t1netor1us and enieue benedictus. A 

. s1ml.lar 
li 1 

host range sequence haS also been observed in insecte 

feed1ng pattern whieh reflects the botanical re1ationehip of 

these genera CZwolfer 1970). Dittrich (1977> has grouped 

together these zour genera on the basie of pal~o~ical. 
\ 

morphological, and anatomica~ fruit charactere. It is 

suggested that plant bioehemistry in these genera is an , 
important factor in host recognition, 'especially for - ) 

specialized parasites. Rust 
\ 

fungi--~eact to a cbmplex of 

chem1cal substances and have a very intimate bioehemical 

re1ationship with their hosts (Heath 1982). Some invéstigators 
J 

be1ieve that host ranges may point to the close evolutionary 

relationships between the hosts (Leppik 1967;Savile 1979; 

Wa tson 1972). However, sinee Amberboa, Carthamus and Cnicus 

.have never been reported ~o host f. centaureae _1p- Europe and 

vere very resistant ta the E. c~ntaureae isol,â't.e, evoluti~nary 
1 

relationships among the d1fferen~ rusts fouïd on 

and E. eentaureae could be auggeated. s,Vile 

clâssified under the same lineage. the Puc~inia 
\ 

these apecies 

(1970a) has 

eentaureae -

~. 1aschii Lineage. a eomplex of brachyeyclie rusts on 
\ 

Cynarae, inc1uding speeies on Centaurea, enieue and Carthamus. 
, 

Amberboa 1a elosel~ relate9 to Centaurea, with At ,"oschata 

often named Centaurea mosehata . This species vas found to be 

susceptible to E. centaureae in th1s study, and thes~ results 
<. 

f 
may be of taxonomie value for,a proper classification of this 
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species.· 

The 8p~cifici ty study revealed that the 2. centaureae 

isolate is highly virulent on spotted knapweed and thus ia, of 

\ , 
great interest for the biological control 'of thia weed. 

Ho __ ever. the fa ct tha t this rust can also attack three 

economically important. species iE! of maJor concern. Bacbel.or 

button ( Centaureae- cyanus) and sweet sul tan (Amberboa 

moschata> vere fully sus?eptible to.f.. centaureae. These tvo 

speciea are ornamentala, but are rarely grown i.n large 

quanti ties. Four cultivars of cultivated aafflower CCarthamua 
, 

tintoriugJ> were in.fected but vere oonsidered aa reaistant. 

. 
4 

Safflover ia a minor ail crop g1"own in southern U. S. A •• 

~cauae this crop represents a potential hast for 

centaureae, \ further' studies vere conducted to determine the 

lèvela of resistance in different cultivars and to eatimate 

the impact of the spotted knapweed rust 'on this crop • 

. ' 

( . 
• • 

~J 
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CHAPTER VI I. SAFFLOWER EXPERIl1ENTS 

7. 1 Introduction 

The hast specifiei ty study reveal.ed that 

centaureae 

tinctorius, 

resistant 

cultivars 

can infect cultivated safflower, Carthamus 

under controlled -environ mental conditions but only 

host response was observed in the four safflower 
1 
1 

tested. Further investigations were unde'rtaken to 

determine the degree of resistance amongst several safflower 

\ e~l ti vars. Safflower cultivars were aiso use.-d in order 

determine the degree of virulence of three rust collections. 

to 

Because o:f tne economic importance of safflower and 

sorne morphological similarities between the saf:flower rust, 

Puccinia carthami , and P. centaureae, the rust disease o:f 

sa:fflower ~s been brie:f ly reviewed in this section. The 

taxonomy of these rusts will be discussed in section 8.4. 

Safflower has been cul tivated sinee anc:i\ent times in 

\ 
many countries o:f the world, but it i9 consider'Fd today as a 

minor oilseed crop in term9 of total production and world 

trade (Weiss 1971), rte production in North America has 

declined sharply since 1960 because of lower demand for 

sa:fflower ail (Weiss 1971). In U. s. A., it i9 mainly grown in \ 

94 
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,Galifornia with about 80,000 acres (A. Weisker, pers. 

commun.). Saxxlower lB no longer grown on a commercial basis 
o 

in Canada (Weiss 1971). 
.. 

More than' 12 diseases have been recorded on safflower 

the Most economically important one being a rust disease 
. 

eaused by f. carthami ~ which had been estimated to cause .an 

average annu.Ù loss of 5 percent between 1950 and 1960 in 

u. S. A. 

nature 

(Weiss 1971). As a resJlt of the maCrO,yclic-auto~eioua 

of~. earthami , safflower ru st has two distinct 

pathologieal phases; a seedling phase resulting from invasion 

of young seedlings1by basidiospores produced by soil-borne or 

'sèed-bOvne teliospores and a foliage phase resulting from 

invasion by pyeniospores and urediniospores (Saekston 1953: 

Schuster 1956; Schuster and Christiansen 1952). The seedling 
o 

phase can cause a serioue reduction in stands while the 

foliage phase 1s believed to causeolittle, • if sny, loss o~ 

yield (Zimmer and Jensen 1970; Zimmer and Urie 1968a). 

" Resistant cultivars have been tleveloped and proven 

succeâsful as a means of controlling the disease for bath ~ 

phases of the rust cycle <MeCain 1963; Zimmer and Urie 1968b: 

Zimmer ~ âl. 1968). Res~stanee in sazflower to the seedling 

phase is blosely all1ed to foliage phase resistance and 

probably physiologically and genet1cally rel~ted (Zimmer 1962; 

Zimmer and Urie 1967; Zimmer and Urie 1969). A seedling rust 

test has been an efficient means of sereening for foliage rust 



( 

t. 

( 

resistance sinee only one buJtivar, Nebraska 115_ has been , 

found to be resistant to the seedling phase but susceptible 

to the foliage phase <Zimmer fi .21.. 1968) . Resistance ia 

eonditioned by dominant or partly dominant genes and has been 

found in safflower introductions from foreign countries (Ashri 

1971; McCain 1963,; Zimmer and Urie 1968b, 1969). Several races 

of the rust fungus have been identified in the U.S.A. through 

host differéntial tests (Thomas 1955,1958; Zimmer 1963). 

L. cart ha mi .is found wherever safflower i9 grown and 

'has been recorded on fivë wild species. of Carthamus: &. 

gla'ucus' Bieb.,. ~. lanatus ,L. ~. oxyacantha Bieb., ~. 

palaestinus Eig. _ and~. arborescens L. (Conners 1943; McCain 

1963>' Savile (1944) and l1eCain (1963) reported that f. 

carthami is capable of infecting baChel?r but ton, Centaures 

cyanus L., in the greenhouse but only small to medium-sized 

pustules ,~urrounded by chlorotic area~, are formed. 

7.2 Material and Methode 

7.2.1 Response of safflower cultivars ta E. çentaureae 
1 

7.2.1.1 Experiment 1 

f' 
1 

Seventeen 1cultivars of safflower, one collection of 

spotted knapweed (Sk-17~ and one collection of wild safflower 
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(Carthamus lanatus) vere tested for their reaction to ~. 

centaureae. Six plants of ~ach test species and cultivar vere 

~noculated at the four leaf stage vith hydrated urediniospor~ 

that vere ccllected trom spotted knapveed one month before 

inoculaq.on and stored at 4 0 C. The inoculation procedure 

described in "section 5.2 vas folloved. Eacb 8.5 cm x 10 cm pot 

contained three plants and aIL plant parts vere inoculated. 

Three control plants of each test species and cultivars vere 

sprayed vith sterile water only and incuba~ed along vith the 

inoculated plants in plastic baga for 24 hr,s in the dark at 23° 

C. AlI, plants vere yransferred to a gro~h cabinet vitq 20· 

• • 0 
±2 C day and 15 ! 2 C night temperature. daylength of 15 hrs. 

-1 -2 
at pl.?nt level of 320:!: 10 L\,E sec m ~~nd light intensity - , 

Relative humidi-ly in the cabinet ranged fra.m GOY. to 8m:. Pots 

vere randomly distributed on four carriers that vere rotated 

every tvo days in the grovth cabinet. Plants were watered as 
o 

needed and fertilized as described in sect~on 5.2. Disease 

rating vas assessed 21 days after inoculation using the scale 

of 0 to 4 as described in section 5.2. 

7.2.1.2 Ex~eriment 2 

Folloving the screening of safflover cultivars, an_ 

exper:i.ment was establ:ished to det~rmine the influence of 

grovth stage of susceptible and res:i.stant aafflower cultivars, 

and o spotted knapveed on the pathogenicity of ~~ centaureae. 
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./ 

Based on disease rea~tions obtained in experiment 1, tvo 

susceptoible cultivars (14-5 and Oleic Leed) and three 

res~stant cultivars (5-208, 5-541 and N-IO) were chosen and 

1noGulated with urediniospores of RM-05-b collection. 

Twelve plants of each cultivars were first inoc~lated 

at the four leaf stage. Each 14.5 x 15 cr pot contained four 
, 

• plants and aIl plant parts were inoculated 1ol1owing the same 

procedure described in',1section 5.2. Three control plants of 

" 
each cultivar were maintained. Twelve spotted knapveed plants 

inoculated at the four-leaf stage accompanied the, safflover 

cultivars. AlI "plants were incubated in the same vay and in 

identical controlled-environment conditions as described ~or 

experiment 1. Pots were randomly distributed on four carriers 

that vere rotated every two days in the grovth cabinet. Plants 

vere watered as needed and fertilized as deacribed in section 

5.2. Disease rating vas assessed 21 deys folloving 

inQculation. 

The plants vere alloved to grow until the heading 

stage (60 days old>. Three out of four plants in each pot vere 

re-inoculated with fresh inoculum of urediniospores of ~. 

centaureae harvested f~om spotted knapveed plants. AlI leaves 

of these plants vere inoculated folloving the procedure 
, 

described in section, 5.? The other plant in each pot served 

as a check. The plants vere incubate~ and transferred to the 

same gr.owth cabinet conditions as described above. Disease 

reaction was assessed 21 da ys after te-inoculation. 
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7.2.2 Pathogenicity of three Europe~ln 
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coll~tions on five safflower culti.vars 

Two rust iaolates (05-07-g and OS-ll-d) collected on 

spotted knapweed in southern Austria and RM-05-b iaolate from 

western Romania were tested for their virulence ~on five 

safflower cultivars (14-5, Oleic Leed, S-208, 5-541, and N-

10) • Inoculum of each ruat iaolate was increased on spotted 

knapweed in separate growth chambers. T~e urediniopores were 
1-

eollected two weeks before inoculation and stored in petri 

dishes at 4·C. 
{, 

For each rust collection, nine plants of each 

safflower cultivar were inoculated at the six-leaf stage. 

Eaeh 8.5 cm x 10 cm pot contained three plants and only the 

tirst pair of \rue leaves were inoculated following the sa me 

procedure described in section 5.2. Three control plants 

sprayed only with sterile water were maintained for each 

cultivar.' Nine spotted knapweed plants Were also inoculated 

at the six-leaf stage. 
\ 

AlI plants were incubated and placed in a grovth 

cabinet as described in aIl previous experiments. Pots vere 

randomly distributed on xour carriera that were rotated every 

two days in the growth cabinet. Planta vere watered as needed 

and fertilized as deacribed in previous expefim~nts. 

rating was assessed 21 days after inoculation. 

Diseaae 
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7.3 Results 

t'I 

7.3.1 Response of safflower cultivars to~. centaureae 

7.3.1.1 Experiment 1 

Responses of safflower cultivars and spotted 

knapweed plants to E. centaureae are listed \ in Table 8. 

Pustules developed on all,plants of spotted knapweed Il days 

after inoculation. AIl inoculated leaves oï spotted knapweed 

showed a susceptible reaction to the rust isolate (Figure 18~. 
~ 

The latent perioq on safflower was delayed and varied from 13 

days in the most susceptible cultivar (14-5) to 15 days in the 

resistant ~ultivar CRH-3). This period was taken as the firet 
'\ 

day after inoculation on which any lesions produced secondary 

) ~ \ . inoculum. Other workérs have al?o character1zed latent period 

in the same way (Shaner ~nd Powelson 1971; Zadoks 1961). With , 

the exception of Oleic Leed cultivar, there .... ere no 

differences ~ infection type between the six Lnoculated 
~ 

plants of the same cultiv~r. A range of host respbnse was 
,~ 

recorded among cultivars of safflower and spotted knapweed as 

illuetrated in Figures 10 to 17. Gotyledons of safflower 
, 

cultivars were usually more susceptible than the firet pair of 

true leaves (Figure Il). A hypersensitive, reaction, as 

indicated by necrotic flecks and absence of uredinia, .... as 

observed on the firet pair of true leaves of six cultivars; S-

'1 
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Table 8. 

\ 
Response of safflower cultivars to P. centaureae OC. 

Latent Infection typeS 

Period 
Cot~ledons True 1eaves 

(days) lst-2nd 3rd-4th 
'" t::: 

Safflower cu1t;1..var 

S-541 0; "- 0; 

S-208 0; 0; 

RH-3 15 0; l 
, 

.pl/' VFR-1 14 1 0; l 
,([/ 

DART 15 1 0; l 

S-400 ,14 1-2 1 1 ~ 

S-291 13 2 .. 1 1 

US-ID 14 1 1 

VC-41 14 0;' 2 

( 
GILA 14 1 2 

FRIO t4 2 1 2 

N-IO 13 3-4 1 2 

PH 14 3 1 2 

" Pl 14 3 2 2 

f'\PCOy 
, 

12 2 1 

OLErc LEED 13 1-3 J_ 2 

14-5 13 3 3 3 

'Spotted knapweed 

SK-17 11 3-4 ( 3-t. 
(Montana, USA) 

\ 
0 Carthamus lanatus L. 0 0 

- Cotyledons dead before showing symptoms (same for control plants). 

a 
Describe'd on page 1 09. 

( 



FIGURE 10. Different infection types (Stakman IIc.lel) on the first 
true leaf of safflower cultivars and' spotted knapweed, 
21 daya after inoculation with !. centaureae. 

a: Control leaf of safflo~er cultivar N-lO. 

b: Infection type 0; on safflower cultivar 8-208. Oo1y 
few necrotic flecks deve10ped (arrow). Nearly im
mune response. 

c: Infecrion type 1 on safflo~er cultivar N-10. Uredi
nia minute, surrounded by necrotic areas. Very re
sistant response. 

d: Infection type 2 on safflower cultivar peOy' Uredinia 
8ma1l to medium in size with chlorotic border. Mode
rately resistant re8ponse. 

e: Infect10n type 3 on spotted knap~eed (SK-17). Uredi
nia me'dium in aize •. Moderate~.~_:shacePtible response. 

f: Infection type 4 on spotted knapweed (SK-17). Uredi
nia large and coalescent. Very susceptible response. 

FIGURE Il. Reaction of safflower cultivar N-10 to P. centaureae. 
Infection type 3 and 1 on cotyledon and first leaf 
'respective1y, 21 claya after inocula~ion. . . 

FIGURE 12. Reaction of safflower cultivar VC-4l to P. centaureae. 
Infection type 2 on 4th leaf, 21 days after inocula
tion. Moclerately rèsistant response. 

FIGURE 13. Reaction of safflower cultivar S-541 to P. centaureae. 
Necrotic flecks (arrow) on first leaf, 21 clays after 
inoculation. Hypersensitive response. 

) 
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FIGURE 14. Reaction of safflower cu~ivaT GlLA to P. centaureae. 
Infection type, 1 on 2nd leaf, 21 days after inocula
tion. Very resistant response. " 

FIGURE 15. Reaction of safflower cultivar OLEIC LEED to P. centau
~. Infection type '1 on lst leaf, 21 days after ino
culation. Very resistant response. 

FIGURE 16. Reaction of safflower cultivar PH to P. centaureae. 
Infection type 2 on 4th leaf, 21 days-after inocula
tion. ModeraKé~istant response. 

FIGURE 17. Reaction of spotted knapweed (SK-17) to P. centaureae. 
Infection type 4 on 4th leaf, 21 daya after inoculation. 
Very susceptible response. 

FIGURE 18. Reaction of spotted knapweed (SK-17) ta f. centaureae 
,after re-inoculation at heading stage. Large uredinia 
developed on stems and ~eaflets (arrow), 21 days after 
re-inoculation. 

FIGURE 19. Reaction of safflower cultivar N-IO to P. centaureae 
after re-inoculation at heading stage. Small-aized 
uredinia developed on lower leaf of the plant. Very 
resistant response. 
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541, 5-20$, RH-3, VFR-1, Dart and VC-41 (Figur-e ·13). Fev 

! 
small-sized uredinia developed on the 3rd and 4th leaf of 
~. 
these cultivars, except for cult~vars 5-541 and S-208 which 

had a nearly immune reaction on aIl leaves. 

Thirteen cultiv~rs had a resistant rEÏosponse 

(infection type 1 or 2) on their first two pairs of true 

leaves inoculated vith the rust isolate. However, 'cot y ledons 

of three of these cultivars N-10, PH and Pl vere moderatly 

,susceptible. Cultivar 14-5 vas moderately susceptible but 

fever uredinia vere produced 'on the leaves compared to spotted 

knapweed ' plants and their development vas de1.ayed by 

approximately two da~s. Infection types from 1 ta 3 vere 

recorded on dif:ferent planj;s of l?leic Leed. WilCf safflover 

(Carthamus lanatus> which vas included in 'the screening. was 

immune to r~st infection. No symptoms developed on control 

plants of safflower and spotted knapweed. 

7.3.1.2 Experiment 2 

Seedlings of the five safflower cultivars inoculated 
\ 

vith E. centaurea~ gave the same response as in experiment 1 

(Table 9). Cultivar 14-5 was moderately susceptible and Oleic 

Leed still showed a range aÏ infection type from 1 to 3. 

Cultivar N-IO was very resistant and cultivar.s 5-208 and 5-

541 vere nearly immune ta rust infection. AlI inoculated 



\ 

Table 9. lnfl uenc:e 
c~ntau..-eae 
knapweed. 

of growth stage on pathogenicity 
on safflower cultivars and 

of P. 
spotted 

Saff10wer cultIvar 

S-208 

S-541 

N-IO 

14-5 

OLEIC LEED 

Spotted knapweed 

SK-17 
(Mon tana. USA) 

a Described orr-page 109. 

Four-Ieaf stage 

Latent 
Period 
(days) 

14 

14 

13 

11 

Infection 
typea 

0; 

0; 

1 

3 

1-3 

4 

Heading stage 

Latent 
Period 
(days) 

16 

16 

/'16 

12 

Infection 
typea 

o 

o 

2-3 

1-2 

1-3 

4 

Flot.J'ering 

Disease 
severity 

No symptoms 

No symp toms 

Only bottom 
leaves in
fected 

Only bottom 
1eaves in
fected. 

Bottom half 
of the plant 
iufected. 

AlI plant 
parts infec
ted including 
stems, leaflets 
and pedicels. 

, , 
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seedlings of spotted knap~eed were fully susceptible. No. 

symptoms developed on the control plants. 

"-
Sazzlower plants of, cultivars 5-208 and S-~41 that 

were originally inoculated at the 4-leaf stage and 

subsequently re-inoculated at heading stage did not deve~op 
• 1 

any pustules nor necrotic flecks on their leaves. Re-

inoculated plants of cultivars N-I0 and 14-5 showed 

pustules but only the lower leaves became infe~d (Figure 

18). Pustules on lower leaves of mature plants of cultivar N-

10 were usualy larger ,in size than those recorded on 

seedlings. The uredinia on 14-5 were hawever smaller ,than 

those observed at seedling stage. OleicLeed plants had few 

uredinia on the lower haIt of the plants and the il" size did 

not vary zrom those recorded on s~edlings, AlI plants oz 

spotted knapweed were very susceptible at the heading stage 

vith many large pustules developing on aIl inoculated parts 
., 

including leazlets, stems and zlower pedieels (Fjgure 19), 

\ 

7.3.2 Pathogenicity of three European rust 
/ 

collecti9ns on five safflover cultivars 

Responsea of five safflower ~cultivara to rust 

collect:h.on 05-07-g and OS-ll-d did not differ from those 

recorded for rust collection RH-05-b (Table 10), Infection 

types assessed on these five cultivars inoculated with ruat .. 
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J 
Table io., Reaction of the first pair of'true 1~aves of five safflower 

cultivars and spotted ~napweed to three rust collections. 
- _ ~ t 

, , . 
Infection type of rust collection 

1 ! 
Safflower cultivar 

14 ... 5 " 

OLEIC LEED 

5-208 

8-541 
\ 

N-IO ' '. -
Spotted ~napweep 

, . SK-17 

(Montana, USA) 

a RatingsY8t~: 
, 

08-07-g OS-ll-cl 

3 3 
" 0' 

1 3, 1 3 

0; 0; 

0; O· 
" . 

1 < l 
. ,. 

~ 

3 -.4 3 - 4 

-:: , 
\ 

0 Immune: No ured;nia nor oth'et symp'toms. 

RM-05-b 

3 

1 3 

0; 

- O. 

1 

3 - 4 

r 

.' 

0; Nearly immune: No uredinla, bu~ h~persensitive spots present.o 

'1 

'2 

3 

. , ~l\ 1\ 
'. 

, ' 

Very resistant: Uredinia minute, sutraunded by 4istinct 'ne
. crotie arèas. 

_Moder~tely r~sistant: Uredinia smaii ta medium, usually in 
green' Islands surrounded by a chlorotie qr nec'rotie border. 

Moderately susceptibie: Uredinia medium in si~e, no necrosis 
put chlorotic areas may be present. ' Coalescence of uredilJia 
i8 infrequent. 

Very susceptible: Uredlnia large, and often coalescing. No 
n~crosis, but chlorosis May be present. 

. , . 

Il 
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collection RM-05-b vere identical to those recorded on thè 

Seme cultivars in exper.iment 1 and 2. Cultivar 14-5 vas 

moderately susceptible to aIl three co~lections. Culti vars S-

,208 and~S-541 were nearly immune to aIL ru st collections. The 

range oI inIection types from 1 to 3 on.Oleie Leed was also 

observed for the tvo ru st collections OS-07~g and OS-ll-d. 

InIection type" l vas recorded on cultiv;a.r N-IO for aIl three 

-
rust collections. The rust collections vere highly virulent on 

spotted knapveed seedlings as inqicated by an infection type 

of 3 or 4. 

7. 4 Discussion 

1.4.1 Response of safflower cultivars ta P. centaureae 
-\ 

7.4.1.1 Experiment 1 

The results indiaate that dif~erent levels of 

re$istance to the E. centaureae iaolate exist among s~ffiover 

cultivars. The different infection types, especially 
_/ 

hypersenaitivity, assessed in these CUltivars suggeats that 

~ vertical resistance may be involved. Vertical reaistance la 

usuall'y identified by a hypersensitive response OI ttle host 

" te the pat.hogen (Hooker 1967; Nelson 1979). Such reaction Is 

a c~aracteristic of a plant resistant to an inIecting pathogen 

in an incompatible plant-pathogen relationahip CKiraly 1980). 
" 
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It is characterized by the presence' of necrotic 1lecks at the 

infection site. The ear~y collapse and death of the hast cells ~ 

at the si te prevents the further growth of the fungal hyphae 

( Robinson 1976) . Such reaction has been recorded on six 

cultivars tested in this exper..iml!nt. Intermediate 

level of res1staqce in seedlings Creaction type 1 to 3) is 

also general1y vertical 

, 'certain rusts clam,borski 

or race-specifie as demonstrated 10r 

and Dyck 1966, 1976). This resist ance 

does not prevent colonization but reduces the rate of spread 

of the pathogen. Vertical, resistance implies resistance to 

somel pathogen isolates and not to others and is usually simply 

inheri ted (Van der planck 1968). Resistance to aIl isolates of 

the \ pathogen is called ~lOrizontal and is often pol.ygenically 

inherited. Many debates and discussions have emanated since 

Van der Planck first defined these two concepts ( Ellinghoe 
7 

1981 r Nelson 1978; Robinson 1976; Van der Planck 1982>' It is 

not the author's intention to discuss in more detail the . 
genetics of plant resistance. 

It ia interesting to note that aimilar l.evels of 

re~istance have been observed in 

\ 
safflower cultivars 

inoculated with safflower rust, Puccinia carthami (Zimmer 

·1963) • When tested against different races of . E. carthami p 

infection types on seedlings inoculated with urediniospores 

varied from 0; ta 4 among safflower cultivars. The sources of 

seedling rust resistance in saffl~wer yb.avèl ,"also often been of 

a hypersensitive~ nature (Zimmer 1965; Zimmer ~ ~.1968). 
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.' 
Immune response of wild safflower (Carthamus lanatus) ta races 

of P. carthami has been reported (l'tcCain 1963; Zimmer et .21. 

1958) . Resistance ta safflower rust has been ldentified as 

vertlcal or race-speclfic and ln many cases lnvalves a single 
• 

dO~1nant gene palr <McCain 1963; Zimmer and Urle 1968b; Zimmer 

1958>' The nature of safflower resistance to ~. 

,~ 

centaurea~ resembles in many respects the resistance to Z. 

carthami. More etudies are needed on the genetics of host 
~ 

resistance in saffiower to b~th rusts. Since bath rust species 
, 

infect safflower, there is a possibility of crossing the tvo 

rùats and studying the inheritance' of morphological characters 

~ weIL as pathogenicity. 
'. 

, 

t The~. centaureae isolate used in this study appears 

to be Iess virulent than gJ carthami on the cultivars tested 

in this experiment. Nlne cultivars tested are known to be 

-susceptlble to the faliage phase of P. carthaml: US-ID, P- i, 

Fric, N10, RH-3, Oleic Leed, and Gila (Reglstraticn of 

5afflower Germplasm, Crop Science). Of these cultivars, cnly 

Oleic Leed was susceptible to E. centaureae. The nature o:f 

resiatance ta f:t carthaml of cultivars 14-5 and PH was not 

:found in the li terature. Four cultivars 5-208, 5-400, S-296 

and 5-541, reslstant ta f. carthami and developed by SeedTec 

International Inc., at Wood land, California, were aleo 

resistant to ~. centaureae. Cultivars Dart, PCOy ' and PCA were 

( 
regiatered as reelstant cultlvars and vere also :found te he 

resiatant to P. centaureae. 

\ 
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7.4.1.2 Experîment 2 

5a:{flower plants of three cultivars inoculated at the" 

4-leaf stage with f. centaureae developed pustules o~ lower 
1 • 

leaves but the infection did not appear te interfere vith 

subsequent plant growth. Only minor chlo~os1s was observed on 

inoculated leaves of two other cultîvars S-541 and 5-208. 

5ub~equent re-inoculation at heading stage suggests resistance 

within this crop to later infection. Symptoms developed only 
\ \ ----.'" 

on basal leaves of the plants. None of the plants of cultivars 

S-208 and S-541 developed symptoma at this later stage. 

Spotted knapweed plants were aIL fully susceptible at both 

seedling and heading stages. This ia of part~cùlar importance 

since ontogenie resistance will not be a rate reducing factor 

in the epidemiology of the rust. The infected leaves of 

spotteG knapweed usually died one week before those on non-

inoculated plants in the controlled environment conditions. 

The latent period was longer in safflower than on 

spotted knapweed at the seedling stage and was lengthened for 

both safflower and spotte~ knapweed wh en re-~oculated at 

heading stage. The latent period was taken into account 

because it has been reported ~hat resistance is manifested 

0 1 by a lenghtened latent period (Popular 1978; Van der Planck 

( 1968) . ) 
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Plants become generally more resistant ta rust ~ungi 
, 1 

as they get older <Hooker 1967). This adult-plant resistance 

Vas ~ound to be of ~xtreme practical importance in cereal 

creps (Allan et al. 1966; Dyck et al. 1966>' Adult-plant 

re9~stance was observed to be present in safflower cultivars 

inoculated with g. centaureae in this study. 

Zimmer and Urie (1968a) have reported that i~ order 

to cause significant reduction in yield of safflover, heavy 

infection of the foliage phase of 1:. carthami .ust cccur 

before ~lowering and not be restricted to the lover leaves. 

These same authors have also indicated that in tbe regiD~ 

vhere safflower is grown commer~ially in U.S.A., conditions 

conducive to a rapid build-up çf the rust on the upper 

foliage do not normally oceur and losses from foliage'rust are 

minimized. Although free-moisture conditions may persist long 

°enough in these regions to permit heavy rust infection on the 

lover leaves, it has been demonstrated that lover ~eaves of 
\ 

safflower can be removed o. destroyed without significantly 

affeeting yield components (Urie ~ al. 1968). 

The threat ..E. eentaureae poses to sa~flover is 

considered te be negligeable although further tests are needed 

to evaluate its impact under field conditions. It ia important 

to know if this rust possesses a similar seedling phase as 

reported for ,E. carthami which can cause\serious retiuction in 

safflover stands. In this phase, the seed-borne teliospores 

germinate in the spring and produce baaidioapdrea which in 

\ 
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( 
turn germinate and invade young seedlings. ~ çentaureae has 

, ~ 

been observed to produce teliospores in early summer in Europe 

in order to, .. i thstand dry candi tions but there is no 

ind1cation as to the nature of its life cycle in winter 

conditions. 

7.4.2 Pathogenicity oi three European rust 

collections on iive safflower cultivars 

. 
Diiferential host testing has been the only practical 

( 
way to detect new races oi P. carthami (Thomas 1955,1958; 

Zimmer 1963). The procedure ls to expose different isolates of 

the rust pathogen to several lines or cultivars of safflower • 

1 'Differences in virulence between tvo isolates will be 

demonstrated if they produced different infection types on one 

Or more of the saiflower cultivars. 

Three different rust collections from spotted 

knapweed at diiferent locations in Eastern Europe did not 
'\ 

differ in their virulence on f1.ve safflower cultivars. Each 

cultivar praduced similar reactions ta the three rust 

The seme levels of resistance to the -f. 

centaureae RM-OS-b isolate wère iound in the f~ve safflover 

cultivars inoculated vith the twa other rust collections, OS-
( 

07-g and OS-ll-d. However, the small number pf safflover 
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·cultivars included in the test reducedft.,.the chance of. detecting 

any differences '\ 
in virulence arnony the rust collections.The 

0( 

three rust collectl0ns were highly virulent on spotted 
1 

knapweed and these three collections may represent in fa ct the 

sam;? variant of .f. centaureae. 

In order to have a differential host response, the 

host and the pathogen must have co-evolved i~ an 

relationship where for each gene for viru~ence that 

in the pathogen, a corresponding gene for 

intil'ate 

deveJloped 

resistance 

developed in the host. This gene-for-gene concept was firat 

described by FIor (1955) in his work with x~ax rust. Safflower 

has never been reported as a natural host of .p. ceA'taureae. ' 

Although this rust was able to infect safÏlower under 
\ 

controlled environmental conditions, the rust does not appear 
... 

ta be weIl adapted to this species. This ~ack of adaptation 

would prevent any host-pathogen interactions that would have 

resulted in having specifie races of the pathogen adap,ted te 

certain safflower cUltivars~reported for safflCJwer rust. It 

ia however still unknown if different variants of 

centaureae wauld respond differently on safxlower cultivars; a 

topic waiting for in*s,tigation. 
f 
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CHAPTER VIII. TAXONOMIe STUPIES ON SPOTTED KNAPWEED RUST FUNGI 

8. 1- Introduction 

The systematics of the Puccinia rusts associated with 

Centaurea and related genera has undergone consicferable 

revision CCummins 1978; Savile 1970a,b; Guyot 1967). Jacky 

IiS99) .first reported t'hat Puccinia Jaceae vas a synonym of .f. 
~. 

centaureae and that withi~ E. centaureae there were two types, 

A and B, differentiated by the number and distribution of 

germpores of urediniospore: Since then, the classification of 
1 

these t\rfO rust~ has been trea~ed differently by rust 

taxonomists. GauJann (1959) 
1 

grouped bath ..E. 

centaureae 1n the Puccinia hieracii lineage. 

Jaceae and 1!. 

Savile 'e 1970a, b) 

classified these. t wo species under different evolutiànary 

lineages and gave varietal rank to material of both speciea on 

Centaurea species. Some taxonomists have adopted an extremely 

wide species concept for these rusts as exemplified by Cummins 

(1978) combining f. centaureae and f. carthami as one species, 

.f!.. calci trapa var. centaureae. 

The use of spore morphology to delineate these rust 

spec!es has been rendered difficul t due to climatic 

adapt.ations and convergent evolution. Thesev--morphological' 

variations have caused serious confusion in attempts to assign 

117 
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rJ,'sts on Centaures on the basis of teliospore characteristics 

(Savile 1970b) . Uredin1ospores or urediniospores and 

teliospores together have been better sources of 

morphqlogical f€Oatures that r€Oflect 

evolutJ..onary relationships (SavJ..le 1970a, b). UredinJ..ospor€Os of 

~. Jac€Oae are ellipsoid and flattened with two, rarely 3, 

superequatorial germpores and a more or less conspicuous 

circular area below each pore partry or wholly ~overed by fine 

echinulation which is characteristic of the 1:.. dioicae '-.f.. 

bieracii lineage (Savile 1970a). Ur€Odiniospores of f· 
pentaureae and~. carthami are spherical and symmetrical with 

3, rarely 2 or 4, equatorial germpores and are evenly 

echinulated except near the hilum where the-spore wal} ls 

thiekened, Based on these charaeteristies, both rust speciea 

have bee}l grouped in the E.. centaureae-f. Iasehii Iineage 

(Savile 1970a). 

Surface ornamentation, such as spines, warts and 

reticuIa, on the urediniospores and teliospores are sometimes 

of great taxonomic value and aid in the identification of rust 

fungi. TraquaJ..r and Kokko (1983) have obser~ed differenees in 

hilum (or spore attachment scar) surface of .f.' )acéae, .f. 

centaureae and.2. carthami. The hilum surface of p: Jaceae was 

reiatively smooth in contrast vith the minutely and distinctIy 

verrucose hilum of P. centaureae and ..E. carthami, 

( respectl vely. 

A study was undertaken to determine the taxonomie 

, 
~-. ,--- • 1 _ / 



, \ 

( 

/ 

119 

position of rust fungi collected on spotted knapveed in Europe 

uS1ng li9~t m1croscopy and electron microscopy on 
1 

ured1niospores and comparing the hilum surface of trese rusts 

w:..th.E.. partham! and one rust isolate collected fro~ Centaure~ 

)aceae. 

a.2"Material and Methods , \ 

, 
Light Microscopy .' , 

Light microscopy observations vere mad~ on 97 s ot~ed 

knapweed rust collections from Europe. For each rust herba ium 

specimen, uredinipspores vere c taken 

pustules and mounted in lactophenol. 

heated until the sP9res vere turgid and 

t v~ or. th\ee 

The slide vas gent\y 
\ 
\ 

thoroughly cleared~ 

\ 

from 

Observations vere made vith a Reicher Diavar -microscope and \ 
\ 

measurements were made on 10 urediniosporès. After à. few \ 
\ 

random measurements. the entire,sIide vas scapned to determine 

minimum and maximum spore sizes. The number and distribu;tion' 

of germpores vere taken from 50 urediniospores chosert at 

random. 
, \ 

." 

, , 

Scanning Electron Microscopy (SEM) 

Observatièns we~e made on leaves of spotted koapve~d 

\ 
\ , 

" '.' 
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, 
inoculated vith rust collect10ns RM-OS-b. 05-07-g and OS-15-b. 

Leaves vith ured1n1al pustules vere cut 14 days after 

:l.n:ïculat10n. Other rust speC1mens included ln thls study are: 

Pu=clnia carthaml Gollected from safflower cu~tivar 5-400 in a 

grooith chamber at Macdonald College and one rust lsolate 

collected on Cent~urea )aceae at Ile Perrot, Quebec. Canada. 

\ For each spec1men. a leaf piece bearing uredinia vas , 

fixed folloving a modif1ed procedure from Brown and Brotzman 

(1976) . The samples vere fixed in S ml of 2r. Os04 (osmium) 

conta1ning Kodak Photo-Flo 200 at 4°C for 24 hrs and then 

rinsed with three changes of dlstilled vater over a 30 m1nute 
/ 

period. The samples vere then treated vith 5 ml of a saturated 

solution of thl0carbohydrazide for Ihr at room temperature. 

The samples vere then'rlnsed vith'distliled vater as described 

abov~ and subsequently treated v1th S ml of 0504 for Ihr at 

room temperature. The samples vere again rinsed with distilled 

water foflowed by a dehydratlon in an ethanol series 

(20. 40.60.80, 95. and 100r. EtOH) at 20 minutes intervals. 

Finally, the samples vere critical point dried and coated with 

gold'qefore exam1nation ln a Cambridge Stereoscan GOa scanning 

electron microscope operatlng at 15 KeV. 

8.3 Resul ts 

comparison between spotted knapveed rust 

collections of me an lengths and widths of urediniospores 

1 • 
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Table 11. Numbe~, position and sizes of urediniospores of Eurppean rust collection on spotted 
knapweed. 

Rust Collection Nurnber and posi'tion of uredi!).iosporesa Urediniospore m~.lSu rt'ntl'n tc,b (U.!lI) 
observed with 

2 gerrnpores 3 gerrnpores 4 gerrnpores Width X Langth 

FC - 01 - a 4 EC 
, 

(20.50-23.99) 22.22 X 24.23 (21.81-26.17) 36 E '10 E 
FC - 01 - b 3 E 46 E 1 E (20.71-26.17) 22.81 X 24.44 (21.81-26.17) 
FC - 01 - c -2 E 48 E 0 (21.81-23.77) 22.74 X 23.99 (22.24-25.08) 
FC - 02 ~ a 0 48 E 2 E (23.77-27.26) 25.64 X 26.?0 (24.86-28.13) 
FC - 02 - b 0 50 E 0 (20.26-22.24) 21.26 X 22.77 (21.81-23.55) 
FC - 03 - a '0 50 E 0 (21.15-25.74) 23.05 X 24.23 (21.81-25.30) 
FC - 03 - b 0 49 E 1 E (21.81-23.34) 22.16 X 22.90 (21.81-24.43) 
FC - 03 - c 0 50 E 0 (19.19-21.81) 20.68 X 22.26 (21.16-23.77) 
FC - 04 - a ,0 49 E 1 E (20.06-23.34) 21.88 X 23.40 (21.81-24.65) 
FC - 04 - b 1 E 49 E 0 (20.94-22.46) 21.72 X 23.51 (21.81-24.86) 
FC - 05 - a 0 50 E 0 (22.25-27.04) 24.32 X\24.88 (22.68-27.04) 
GR - 01 - a 0 50 E 0 (20.06-23.34) 21.74 X 23.99 (22.90-24.65) 
GR - 01 - b 0 50 E 0 (11.59-23.77) 22.40 X 23.55 (21.81-24.65) 
GR - 01 - c > 0 50 E 0 (21.37-23.12) 22.03 X 23.12 (21.81-24.86) 
HG - 01 - b 1 E 49 E 0 (21.37-25.08) 23.05 X 25.45 (24.21-26.83) 
HG - 01 - c 1 E 49 E 0 (21.81-23.99) 22.31 X 23.45 (21.81-26.17) 

'HG - 01 -'e 0 0'50 E 0 (20.94-23.77) 22.70 X 24.25 (23.12-26.17) 
HG - 02 - a 0 48 E 2 ,E (23.12-24.65) 23.93 X 26.22 (25.08-27.92) 
HG - 03 ~ à _.2 'E 48 ~" 0 (20.28-23.34) 21.50 X 24.01 (21.81-27.26) 
OS - 01 - 'a . 0 50 E . 0 (20.07-23.55) 21.29 X 23.58 (21.37-24.86) 
OS - Dl - b 0 50 E a (19.85-22.46) 21.13 X 22.81 (21.37-24.21) 
OS - 01 - c 0 .50 E 0 (20.72-22.25) 21.55 X 23.69 (21.81-24.86) 
OS - 01 .., d 0 50 E 0 (21.81-25.52) 23.55 X 25.13 (23.77-26.39) 
OS - 01 - e 0 50 E , 0 (19.63-23.77) 21.90 X 23.88 (21.81-25.52) 
os - 01 - f 0 50 E 0 (20.28-23.55) 21.70 X 23.45 (21.81-25.74) 
os - 01 - g 0 50 E 0 (18.97-21.81) 20.48 X 22.94 (20.94-24.43) 
OS - 01 - h 0 50 E 0 (19.41-21.37) 20.50 X 23.~1 (21.59-24.43) 
os - 01 - i 0 50 E 0 (19.41-22.46) 21.18 X 23.31 (21.59-44.65) os - 01 _ j G 0 50 E 0 (21.59-24.65) 23.31 X 20.34 (19.19-21.16) 
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Table 11. Number, position and sizes of urediniospores of European rust collection on spotted' 
knapweed. (Continued) 

Rust Collection ,Number and .position of urediniosporesa Urediniospore ml'ilStlll'!lIl'U tsh (ll,m) 
• observed with 

~ 2 germpores 3 germpores 4 germpores Width X Length 

os - 02 - a 0 50 E 0 (19.63-23.99) 20.59 X 23.10 (21.81-26.17) 
OS - 02 - b 0 50 E 0 (20.07-26.17) 21.07 X 23.21 (21.37-26.17) 
OS - 02 - c 1 E 49 E 0 (21.37-24.43) 22.57 X 23.69 (21.81-26.17) 
os - 02 - d 1 E 49 E 0 (21.8~-25.30) 23.60 X 25.06 (23.33-27.04) 
os - 02 - e 0 50 E 0 (18.54-22.90) 21.00 X 22.16 (20.94-23.55) 
OS - 02 - f 1 E 49 E 0 (20.94-23.55) 22.16 X 22.12 (20.94-23.12) 
OS - 02 - g 0 50 E 0 (19.63-23.77) 21.72 X 23.75 (21.81-25.30) 
OS - 02 - h 0 50 E 0 (19.19-21.16) 20.24 X 22.51 (21.81-24.86) 
OS - 03 - a 0 50 E 0 (20.50-22.90) 21.44 X 24.62 (22.25-28.13) 
OS - 03 - b 0 50 E 0 (20.50-25.08) 23.05 X 26.02 (23.34-29.66) 
os - 03 - c 

(, 2 E 48 E 0 (25.52-29.44) 27.22 X 28.68 (.27.04-30.53) 
OS - 03 - d 1 E 49 E 0 (23.99-28.35) 26.04 X 27.20 (24.86-29.66) 
OS - 03 - e 0 50 E ' 0 (21.37-23.55) 22.22 X 25.~3 (24.21-27.48) 
OS - 03 - f 0 50 E 0 (20.07-23.34) 21.88 X 25.39 (23.99-27.92) 
OS - 04 - a 0 50 E 0 (20.72-25.08) 23.51 X 25.02 (22.68-27.26) 
OS - 04 - b ...., 0 50 E 0 (21.81-23.99) 22.62 X 25.32 (24.43-26.17) 
OS - 04 - c 1 E 49 E 0 (21.81-23.34) 22,36 X 24.32 (21.81-2.6.39) 
os - 05 - a 0 50, E 0 (21.81-23.34) 22.l4 X 24.50 (23.34-25.52) 
OS - 05 - b 0 50 E - a . (22.25-28.57) 24.75 X 26.78 (24.43-28.57) 
OS - 05 - c 0 49 E 1 E (23.77-27.48) 25.28 X 27.20 (25.95-29.23) 
OS - OS - d 0 49 E 1 E (21.81~25.95) 23.10 X 25.56 (22.90-27.~8) 
OS - 05 - e 0 50 E 0 (21.81-25.08) 23.38 X 25.43 (23.55-27.92) 
OS - 05 - f 0 50 E 0 (22.90-23.77) 23.34 X 25.28"(24.21-26.83) 
OS - 05 - g 0 50 E 0 (21.81-22.90) -23.07 X 24.18 (23.33-25.74) 
os - 05 - h 0 50 E 0 (22.24-23.99) 23.27 X 24.93 (22.90-2'6.39) 
OS - 06 - a 0 50 E 0 (20.28-23.34) 21.61 X 24.14 (22.68-26.17) 
OS - 06 - b 0 50 E 0 (21.81-24.43) 22.64 X 24.43 (23.99~25.52) 
OS - 06 - c 0 50 E 0 (23.34-26.61) 24.54 X 25.47 (23.34-27~48) 
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Table Il . Number, position a~d 'sizes Of'~i~iospores of EQropean rust collection 'on spofted 
kl1apweed. (Con_t_inued)~ _. . ' . " 

Rust Collection Nuînber an,d "posit:ion of urediniqsporesa Urediniospore measurL'menlsb ()\m) 
observed with 

2 germpores 3 germpores 4 germEores~ • Width X Length 
"-

& , 
os - 07 - a 0 50 E a (23.34-27.48) 25.47 X 2&.85 (25.08-29.23) .... ~ 

(22.~3-26.83) 24.19 X 26.59 (25.30-27.92) Op - 07 - b 0 50' E 0 
OS=- 07 - c ~ 0 50 ,E 0 (23 :12-21 • 70). 24.73 X 26.48 (25.08-29.01) 

" os - 07 - d 0 50 E 0' (21.81-24.65) 23.16 X 25.71 (24.43-28.13) 
os - 0;- ~ 0 

~ . ;, 50 E 0 (21.81-26.83) 24.58 X 26.39 (23.12-29.44) 
OS - 0 - f 0 50 E 0 (22.03-26.17) 24.17 X 25.60 (23.99-ê6.83) 
os - 07 - g 0 50 E 0 (21.81-25.08) 23.62 X 25.08 (23.99-26.61) 
os - 08 - a 0 50 E 0 (19.63-23.34) 21.98 X 24.30 (22.68-25.08) 
OS - 09 - a , . 0 50 E 0 (21.59-23.99) 22.87 X 24.80,(23.34-26.61) 
os - 09 - b 0 49 E 1 E 

" 
(2l.81-24.86) 23.45 X 24.73 (23.34-26.60) 

os - la - a 2 E 46 E 2" ~ _ (12.81-25.74) 23.49 X 25.50 (23.55-27.48) 
OS - la - b 0 50 E 0 (23.34-25.95) 24.45 X 25.47 (24.21-26.39) 
os - 10 - c ' a 50 E 0 (21.16-24.43) 23.18 X 24.97 (23.55-25.95) 
OS - la - d 0 50 E. 0 (~N4-2 7.48) 24 .. 82 -X 25.84 (24.65-21.48) 
OS - 11 - a 0 50 E 0 (21. 1-27.26) 24.12.X 25.95 (23.12-28.35) 
OS - Il - b a 50 E 0 (18.54-21.81) 20.68 X 24.36 (23.34:26.61) 

l ' 0_ 50 'E 0 (20.72-23.12) 22.07 X 23.69 (22.68-24.86) OS - Il - c 
os - 12 - a 5 E 045 E 0 (21.81-24.43) 22.75 X 25.21 (21.77-26.17) 
os - 12 - b . 3 E, 47 E 0 (21.81~24.43) 22.64 X 25.17 (24.43-26.39) 
OS - 12 - c~' 4 E 46 E 0 (22.68-24.43) 23.51 X 25.74 (24.21-28.57). 
OS - l3 - a 0 \ 50 E 0 (21.37-24.65) 22.99 X 24.86 (2~.34-26.39) , 
os - 14 - a 2 E . 48 E 50 E' (21.81-23.99) 22.84 X 25.06 (23.99-26.39) 
OS - 14 - b 0 ' 50&E 0 . (21.81-26.83) 23.~,X 25.08 (23.55-27.48) 
OS' - 14 - c 

1 

0 '50 E 0 (21.81-25.30) 23. X 24.84 (22.68-26.17) 
os - 14 - d 0 50 E 0 (21.81-24.43) 23.55 X 25.40 (24.65-26.17) 
OS - 14 - e 0 50 E 0' (22.03:"25.08) 23.73 X 2;;.39 (23.12-26.61) 
OS - 14 - f 0 50 E 0 (21.81-24.65) 23.10 X 24.80 (23.77-26.17) 
OS - 15 - a 0 50 E 0 .: (22.46-26.39) 24.03 X 25.50 (24.43-26.83) 
OS - 15 - b 50 SEd 0 ~ 0 (24.86-28.79) 26.35 X 27.02 (15.52-28.79) 
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Table Il. Number, position and siz~s of urediniospores of European rust collection on spotted 
knapweed. (Continued) fi 

Rust Collectio~ Number and position of urediniosporesa 

/ "~observed with 
Urediniospore measurl'l1l('nlsl> (l.\.m) 

2 geX1llPore!3 3 gELl"IllPor~ 4 Eermpf>res _ _ Width X Length 

os - 15 - d 0 50 E a (21.81-26.61) 24.23 X 26.08 (24.21-27.48) 
os - 15 - e 0 50,E 0 (21.81-23.33) 22.38 X 24.25 (23.34-24.86) 
OS - 16 - a 0 50 E 0 (21.81-24.43) 23.23 X 24.60 (23.77-25.08) 
OS - 16 - b 0 50 E a (21.81-23.77) 22.86 X 25.28 (23.77-26.83) 
os - 16 .:. c 0 5'0 E 0 (22.03-24.86) 23.14 X 24.80 (23.77-25.74) 
OS - 17 - I:t 0 50 E 0 (21.81-24.86) 23.58 X 24.73 (23.55-26.61) 
OS - 17 - b 2-E 48 E 0 (21.37-23.77) 22.36 X 24.54 (23.34-26.39) 
os - 17 - c 2 E 48 E a (19.41-23.99) 21.57 X 25.19 (22.68-34.90) 
OS - 18 - a" O' 50 E 0 (21.81-22.90) 22.09 X 23.38 (21.81-23.99) 
RM - 04 - a a 50 E a (19.63-21.81) 20.76 X 21.98 (21:.81-22.68) 
HM - 05 - a 0 50 E a (20.07-23.34) 21.42 X 22.94 (20.07-24.68) 
RM - 05 - b 0 50 E 0 (20.28-24.43) 21.88 X 23.69 (22.03-25.08) 

a Total of 50 urediniospores observed per collection. 

b Average of 10 spores with minimum and maximum values in parentheses. 

c Equatorial position. 
... 

d 
Super-equ~orial_posit1on. 

1/ 
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revealed no consistent di.fferences~ (Table· 11) _ Tne dimE;'nsions 
"---' 

of urediniospo~es in aIl collections were witnin the range 

oi spore size reported in the li terature for 1:- Jaceae and .f.. 

< centaureae (Tabl'e 2). Wi th the exception of rust ~ collection , 

OS-1S-b, urediniospores of aIl other col..!:ections were 

spherical and aymmetrical in profile vith 3, but also 

sometimes 2 or 4, germpores distributed equatorially (Figure 

20>. ·Urediniospores of rust collection OS-lS-b, on the other 

hand, vere shown to be broadly ellipsoidal vith only tvo 

super-equatorial germpores (Figure 21). The urediniospores of 

th~s rust collection appeared to be slightly larger than the 

other collections as indicated bY,their minimum and" maximum 

dimensions. The ~ther rust collectipns which ha4 

ured~niospores vith 2 germpores had them equatoria11y located 

and not super-equatorially as on urediniospores of rust 

collection OS-15-b. 

Scanning électron microscopy has revealed differences' 

in furface ornamentation among the four' Toust specimens 

studied. In theae rusts, the spines ver~ evenly distributed 

over the spore surface except forE. carthami vhich had a 

smooth area encircling the hilum at the base of the 

urediniospores. The surface of the hilum distinguished some of 

these rusts. The urediniospores of spotted knapweed' rust 

collections, RI1-05-b and 05-07-g, had a minutely verrucose 

hilum (Figure 22 and 23), in contrast vith distinctIy 

verrucose hilum surface for E. carthami (Figure 24) and a 
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Figure 20. 

, 

Phase-contrast light microscope photograph of a 
typical spherical ured1niospore of rust isolate 
RM-05-b, showing the three equatorial germpores 
(g) and the"~lum (h). K 500 

Figure 21. Phase-contrast light microscope photograph of - a 
typical ellipsoidal urediniospore of rust 
isolate OS-15-b, showing the two super
equatorial germpores (g) and the hilum (h). 
X 500 

Figure 22. SEM photograph.of a ure~niospore of rust isolate 
RM-OS"':b on spotted knapweed, showing the minutely . 
verrucose hilum (h). X 5000 

F~ure 23. SEM photograph of a urediniospore of rust~isolate 
OS-07-g on spotted knapweed, showing the minutely 
verrucose hilum (h>. X 5000 

Figure 24. SEM photograph of a urediniospore of Puccinia 
carthami on safflower, showing the distinctly 
verrucose hilum (h). X 5000 

Figure 25. SEM photograph of a urediniospore of rust iaolate 
OS-15-b on spotted knapweed, showing the amooth 
hilum (h). X 5000 

Figure 26. SEM photograph of a urediniospore of 
"isolate on Centaurea ]acea, ahowing the 
hilum(h). XlO,OOO 

a rust 
smooth 
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smooth hilum surface for ,the spotted knapweed rust OS-15-b 

(Figure 25) and the rust Specimens collected on c. Jacea 

(F~gure 26 >. The urediniospores of this later rust isolate 

vere previously observed with light microscope and these 
r 

spores vere found to be broadly ellipsoid in shape with only 
\ 

two super-equatorial germpores, 'vhich are similar to the 

urediniospores of spotted knapweed rust OS-15-b. Both of these 
Il 

isolates appear to be ~. Jaceae. 

8.4. Discussion 

This study has shown that the rust collections made 

on spotted knapweed in Europe have urediniospores typical 0 of 
\ 

f. centaurea~ and are characterized by their spherical shape 

and the presence of three equatorial germpores. Only one" 

collection, 

which are 

germpores. 

-~ 

OS-15-b. had urediniospor~s typical of ~. Jaceae. 

elliPsoi~ in profile with 

The fev urediniospores from 

two super-equatorial 

the othe,r spot ted 

knapweed rust collections with only two germpores had them 

equatorially located and not super-equatorial as on 

urediniospores o~ OS-15-b. Watson e1~. (~981) reported that 

both urediniospores typical of ~'4 centaureae and ~. Jacea;: 

were frequently observed from pustules of a single leaf of 

diffuse knapweed <çentaurea di;fusa). Although this has not 

been observed for spatted knapweed in this study. both rust 
7 

species were found on different sp~ted 'knapweed plants 

originating irom the same site (05-15). This study showed that 
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spotted knapweed harbors both rust species in Europe, but 

f. centaureae i5 more irequent. 

In addition to observati\ns made with lig~~ 

m1croscopy, SEM study has also illustrated difierences between 

the two rust species found on spotted knapweed. Rust 

collection OS-15-b had 'a typical smooth hilum compared with 

the minutely verrucose hilum of RM-05-b and 05-07-g. A similar 
u 

rust to OS-15-b was observed from a leaf ,specimen of ~. Jacea 

and both are typical of f. laceae. Safflower rust was readily 

differentiated from the other rusts by having urediniospores 

with a verrucose hilum. These findings agree vith previous SEM 

studies made by Traquair and Kokko (1983). Whether these rusts 
l 

should be recognized as distinct species is a matter for rust 

taxonomy authorities, but this study on urediniospores 

morphology provides further evidence that E. çentaurs-as-, .f,. 

Jaceae and g. çarthami represent distinct species as suggested 

by Savile (197pa, b). 

Host speeialization is traditionally an important 

adJunct to morphologieal descriptions to delineate rust 

species, but must be used with discretion. According to Savile 

------------(1970a), it is probable that a contributing factor to the 

confusion surrounding the systematics of this group of rust 

species has been a tacit assumption that a single host 

species. speeies group, or genus harbors only a single, 

genetically uniform parasite. Frequently, host plants such as 

members of the Cynareae accept more than one rust speeies and 

mixed infections are not uncommon (Savile 1970a,b). This 
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appears to be true for-spotted knapweed and probably ether 

Centaurea species. The hast specificity test vith one iselate 

typ~cal of 2. centaureae (RH-05-b) showed that this rust 

speC1es is capable of infecting many Centaurea spp. and 

epecies from three other genera of Cynareae never reported 

before to ha~bor this rust. Host range etudies under 

controlled !n~ironmentai conditions are not always 

representative of ~rue field ho st range. Neverthelees, the 

host range etudies indicated a certain level of specificity 

considering that man y species tested were highly resistant te 

the r. centaureae isolate, including species such as &. 

scabiosa, C. lacea, C. aolstitialis, and ~. nigra reported te 

harbor the rust in Europe (Guyot 1967). A strict comparison of 

host ranges between~. centaureae and g. Jaceae would be 

difficult to make sinee these two rust speciee are highly 

variable, as indicated by the description of many variants, 

combined with the fact that many Centaurea spp. can harbor 

both rust species in Europe. It weuld be of particular 
o 

interest to know if the variant of ~. Jaceae collected on ~ 

lacea at Ile Perrot, in Québec and the variant ai ~. 

centaureae colleeted on C. nigra in Nova Scotia CSavile 1970b) 

are morphologically similar to the variants found in Europe 

and to compare their respective host ranges. These results 

could have a considerable impact on the decision relating to 

the release of E. k~ntaureae on spotted knapweed in North 

America, especially if safflower is found ta be infected by 

these ruet variants already present in North America. 

, 
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/ CHAPTER IX. GENERAL CONCLUSION 

The European surv~y ~or and collection o~ autoecious 

Puccinia rusts attacking spotted knapweed in its native range 

rebulted in the discovery of iaolates highly virulent on 

North American populations of spotted knapweed. One isolate 

.from Romania waa selected for further studies. The 

uredinioaporea morphology of this ruat isolate has been 

studied with light and electron microscopy, and la typ~cal of 

Puccinia centaureae OC. 

Extensive hoat specificity studies o~ this .,e. 

çentaureael iaolate were conducted at the quarantine facility 

of Macdonald College, in order to determirie the safety of this 

potential biocontrol agent of apotted knapveed. Under 

controlled environ ment conditions, the host range of P. 

centaureae ia reatricted but not confined to spotted knapveed • 
.1 

P. centaureae was able ta infect 25 species of Centaurea and 

spec~es from three other related genera of Cynareae never 

reported to harbor this rust in Europe. It is possible that 

this extendeq hoat range repreaents a controlled environment 

""-
phenomenon and thus may not represent the true Iield range. 

Such a phenomenon has frequently occurred in hoat range 

studies o~ plant pathogens and also insects (Dunn 1978; 

131 
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Peschken and Johnson 1979; Yarvood 1959). The maJror concern of 
. 

these results - is the indication that safflower, Carthamus 

tinctor1us, may be a potential hast of~. centaureae. However, 

a n1gh level of hast resistance ta P. centaureae was observed 

amang many safflower cultivars. This resistance appears ta be 

more prominent than the resistance reported on these cultivars 

against safflower rust, P. carthami. It is in~eresting to note 

that the foliage phase of safflower rust does not -~ause any" 

economic yield loss in the commercial production areas of 

safflower in the United States (Urie et al. 1968; Zimmer and 

Jensen 1970; Zimmer and Urie 1968a), The threat that E. 
/ ' 

centaureae could pose on safflowpr appears ta be negligeable, 

since the degree of infection ~n safflower at the seedling and 

heading stages vith 2. centaureae has not caused significant 

stress ta the safflower. Resistance would also be avaïlable 

from many safflower cultivars and also wild safflower, 

Carthamus lanatus. It is obvious that- further studies are 

needed before the approval for the re~ease of this rust in 

North America. Su ch studies should be focused on the following 

areas: 

1. By field experimentation, determine if ~. centaureae: can 

survive on safflower and cause economic yield loss. These 

eXp'eriments would have ta be conducted in semi-quarantine 

facilities in North America or performed in Europe. 

( 
2. Study in more detail the life cycle of E. centaureae and 

. ~--"" 



\ 

l' 

• 

~-

( 

3. 

133 

determine if a seedling phase, as reported for E. 

carthami, also exists for the spotted knapweed rust since 

this phase of the saf~lower rust has been reported to 

cause reduction 1n safflower stands through seed-borne 

infection by teliospores ol P. carthami. 

Since both E. cery4aureae and E. car,thami can infect the 
l' 

sa me .host under controllèd environmen~ conditions, there 

ia the possibility of crossing the two rust~ and studying 

the pathogenecity of these new recombinants on safflover 

and thus evaluating the risk of hybrid~zation • 

. . ~ 

2. centaureae represents a promising candidate for 

the biological control of spotted knapweed. This leaf rust 

W9u1d fill an open niche on spotted knapweed plants that has 

not yet been occupied by the insecte released on thie weed in 

North America. If approved for release in North America and if 

a virulent aggressive isolate is established on spatted 

knapweed, the rust will per~aps add stress ta the hast ta 

reduce its campeti~iYe ability and survival capabilities. 

, . 
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CHAPTER X. SUMMARY 

" During the evaluation oÎ rust fungi for the 

biological control of spotted knapveed. the following findings 

vere made: 
.1 

1. The Îoreign survey in Eastern and Central Europe 

resulted in the collection of IOp rust speci~ens on 

spotted knapveed from-3D different sites. 

2. A total of, 48 rust collections representing 21 European 

àites vere found ta he virulent on aeedlings of North 

American spotted ~napweed. One o:f these collections_ ,Rl'I-, 

05-b, vas the most virulent and promising rust 

collection for the biological control of spotted 

knapweed. 

3. The host range of the isolaXe of Puccinia centaureae CRl'I-

05-b> v.as found to he hroader than expected under 
., 

controlled environment coqditions. g. centaureae was able 
j , 

~~o infect ~5 of the 52 species of Centaurea tested; 

Carthamus , Cnicua t1nctorius, 
l , 

benedictus, and Amherboa 

moschata Were aIse in:fected in these tests. '!any , species 

tested w~re highly resis~ant to the rust isolate. This 

. . 
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extended host range may not represent the true field hast 

"A 

"-
4. Seedlings of lifteen safflawer cultivars inoculated with 

uredinl.ospores of.E. gentaureae were resistant to ru st 

inÎection. Six cultivars showed a hypersensitive response 

~ on the first pair of true leaves. Cultivars Oleic Leed and 

14-5 were the only susceptible cultivars~ 

, . 

5. Mature plant resistance to 2. centaureae was found in five 

saÎllower cultivars. Inoculatio~ at the ~eedling stage and 

subsequent re-inoculation at the-neading stage. produced 

infection ooly o~ the lower ,leaves of safflower plants. 

Spotted knapweed was iully susceptible at both seedling. 

and heading stages. 

6. Three ~potte~ kna~weed rust collections RM-05-b, 05-07-g, 
, ~ ... )' 

and OS-Il-ct did not differ in their virulence ta five 

sa:f:(lower cultivars . These coll~tions may represent the 
ç~ f, ..... 

. , 
\ same variant of E. centaureae. 

7. The examination of urediniospore morphalogy revealed that • 

96 spotted knapweed rust cqllections ",ere typical of P. 

centaureae and one collection, OS-15-b. was typical of E. 

Jaceae. Differences in hilum surface ultraa~6~tures were 

observed between these two species and f. carthami. 

; 
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Appendix L (Cont1nued) 

Rust Host N~er 'Number of plants 
collection population of plants per·lnfect1on Typea 

" inoculat~d - inoculated . 
0 0; 1 2 l 4 

<" 

aG-Ol-e SK-16 4 2 2 

SK-17 2 l . 1 

• 
1 HG-02-a SK-5 1 1 

SK-il 2 1 1. 

SK-17 3 2 1 

05-01-a SK-l 3 1 . 1 ,1 

. 5K-17 6 5 1 

C 
OS-ol-c SK,...15 2 1 V 

1, 

SK-J..6 4 3 1 
,) -1', 

Ste-17 2 f"'~ 
l, 11\0,_ 

1 
l, 

1 

r 

" SK-16 05-0l-d 3' 2 1 
"-

OS-Ol-e SK-17 3 2 1 

.J OS-Ol-f " 5K-ll 4 3: 1 

'" 
t 

05-0 l.\:. i SK-17 l 3 ( 
, 

OS-02-b SK-l 2 2 '" -\ ... 

SK-17 1 1 

( PS-02-d SK-l 1 1 
"1 

SK-16 2 2 

i 
1 ".1 

r, 1 
J.l 

~--
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Appendix 1. (Contioued) 

. 

R,ust Host Number 
collection population of plants 

inoculated inoculated 

OS-02-e SK-I 2 

OS-02-h SK-II 4 

SK-I7 3 

,05-03-a SK-I 3 

SK-il 2 

OS-03-b SK-8 3 

SK-I7 3 

OS-04-a SK-I7 2 

OS-05-a SK-II 8 

SK-I7 16 

OS~05-c SK-I 1 
\ 

. 
0s-05-d "SK-11 4 

OS-05-e SIC.-Il l 

SK-17 7 

OS-05-f SK-l 4 

SK-ll 10 

Sft-17 10 " 

NUlIIber- of plan ts 
per Infection Typea 

o 0; 1 2 3 4 

2 

3 1 

2 1 

3 

2 

3 

3 

2 

3 1 2 2 

8 3 (; 

~ 

1 

3 l' 

.- 1 

\ 

5 2 

2 1 1 

8 1 1 

,7 2 1 

13~ -

, .. 
i 

• J 
; '. "li 

l 
<~ 

i 

'1 

1 
~ 
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Rust Host 
collection population 

inoculatea 

OS-09-a 5K-5 

1 5K-7 

"( 

-, (\ 

5K-12 

5K-15 

\ 
, 

.5K-17 

OS-09-b 5K-11 
?' 

SK-16 

C 
5K-17 

OS-09-c SK-Ü 

51(-16 

5K-17 

OS-11-8 5K.-17 

OS-11-d 8K.-11 

SK-14 

8K-17 

OS-12-a 51(-17 

- 05-12-1) 8K.,..17 

'l-

" , 

Number 
of plants 
inoculated 

1 

1 

4 

2 

14, 

4 

4 

8 

6 

(? 3 

9 

4 

3 

1 

13 

2 

)", " 
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l, 

. Humber of plants 
pel' Infection Typea 

o O· • 1 2 3 4 

1 

' \ 
l' 

3 1 

Z 

Il 1 2 

2 2 

3 1 

6 1 1 

Q 

5 l' 

l' 2 

6 1 2 

4 

2 1 

2 1 

1 4 1 1 

2 

3-

t 
1:1 
-j, 

> 
". 

'~ ., , ", 1 
'..,---~-.. ~ .......... ~ -- ,. 
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~ndix 1. (Continued) ! 
,\ 

Rust Host Number Number of plants 
èollection population of plants per Infection Type 8 

inocula'ted, inoculated 
, \ 

0 Oi l 2 3 4 
l, , 

11 
OS-12-d SK-17 22 5 5 12 

/0 
05-13-a SK-ll 3 2 1 

SK-17 3 ,0 3 

05-14-a 51-4 4 4, 

o 0 SK-17 29 1 9 19 

OS-14-b 5K-16 3 3 

(\ 5K-17 13 7 " 1 3 ' 2 

QP:-14-c 5K-14 4 1 3 
o~ 

Il, 0" 

5K-15 4 4 

5K-16 4 
\ 
.3 1 

SK-17 ' 14 " 8 '\ 1 S 

05-14-e SK-11 8 3 1 2 1 1 

5K-15 4 2 °2 
" 

" 
5K-16 8 6 2 

5K-17· S 2 1 2 . 

OS-14-,f 5K-17 7- 4 3 

'" 

( l' 

! 
1 , 

\ 
\ 

\ 

l -

:. - -~ - -~- ................ ' --
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Appendix 1. (Continued) 

Rust 
collection 

" 

05-17-e 

OS-17-f 

Host 
population 
inoculated 

5K-9 

5K-17 

SK-l1 

SK-16 

SK-17 

Number 
of plants 
inoculated 

1 

8 

3 

3 

5 

1. 

o 

5 

3 

1 

Number of plants 
per Infection Type8 

0; I 2 3 4 

I 

~ 2 1 

,. 

1 1 

OS~18-a 

RM-04-a SK-ll ,2 2 

" 

RM-05-b~ SK-4 l " '1 

a 

SK-8 2 I 1 

SK-17 14 li 3 ,5 6, 

Ratlng System: 
, 

o Immune: No uredinia nor other symptoms. 

0; Nearly imÎnune: No ured:i,nia, but hypersensitive spots present. 
- , 

1 Very re.sistant: Uredinia minute, surrounded by distinct necrotic 

2 

area. 

Moderately resistant: Uredinia smaii to medium, usually in green 
islands surrounded by a chlorotic or necrotic border. 

3 Moderately sus cep tibIe: Uredinia medium in size. no necrosis but 
chlorotic areas may be present. Coalescence of ~redinia 15 infre-' 
quent. 

4 Very susceptible: Uredinia large, and often coalescing. No necro
sis, but chlorosis may be present. 

, 
\ \ 

'. ' 
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