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ALBUGO TRAGOPOGI (PERS)S.F.GRAY ON AMBROSIA ARTEMISIIFOLIA L. 

Plant 
Science 

A survey for,potentla' blologlcal 'control agents of A~rosla 
artemlsllfoll\ L. has been carrled out ln the area of Ste. Anne de Bellevue, 

, • 1> 

Qu6bec. Albuso tr1sopogl (Pers)S.F.GrIY appeared destructIve ln the flerd 
, . ' 0 

and wa5 selected for futher 5tudy. Zoospore relea5a at t~mperatures of 5 C 
to 30~C ln Iight and dark over 12 hours were tested~ Optimum' release 
occurred at IOoC~nd ISoC, both ln Iight and dark.A 

Effects of Infection on plant growth (blomess) and reproduction (flower 
1 

heads, pollen, seeds) were studle~. No slgnlflcant effects,were found 
_ a 

except for pl,ants showlQg systemfc Infectfo~ symptoms. ln these plants. 
both vegetative and ,reproductIve growthwas suppres~d by the dlsease. 

,-, ,~ , . 
The host range of ~. trasopogl was tested under controlled conditIons. 

Albugo trasoposl Isolated From AmbrosIa artemfsllfolla Infected Hellanthus 
~ sllg~tly but no other tested ~st. Cross InoculatIon studles wlth 
~. tresopogl flolates From Travopopon pratensls and Hellanthus annus (From 

South Amerfce) demonstrlted th:Ilh of thes. : sol a tes have restrlcted,and 
exclusive host ranges. \ ~ 

0ragopogl Is not sultable for ocontrol of Ambrosia art::':/lfona' 
& 

because of the low vlrul~nce of the plthogen and the 
the target" plant. 
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ALBUGO TRAGOPOGI (PERS)S.F.GRAY SUR AMBROSIA ARTEMISIIFOLIA l. 
1 0 

, ~ . 
Des recherches mentes dans les environs de la vllle'de Ste-Anne d. 

leUevue .. P.Q •• afin de d'couvr' r des organIsmes sU,sceptlbles de servI r j 

d'agents de contrOle bIOlogique pour Ambros.a artemfsllfol'a L. ont penn'. 
1 

.-d tlbll un champignon, Albugo trasoeogl (Pers)S.F.Gray, parals5att , , 

Cet organisme fut donc choisi en vue d'une 6tude plus approfondIe. 
, 

La libaration des zoospores fut 6tudr6e au cours d'une periode de 12 
heures, a des temp6ratures variant de SaC. 30oe, a "obscurf.t6 ainsi qu·' 
la luml're. Il fut d6termln6 que la ltb6ratlon des zoosppres s'6ffectu.~t 
de f.~n optlma1e • lO°j: ou a l'Soc. quel que soit le r6glme lumineux ... loy6. 

Les effets de l'Infection sur la croissance v6g6tatlve (blomasse) et la 
• 1 • \ 

(reproductIon (fleurs, pollen: gr.,lnes) furent 6tudl6s. Aucun effet IlgnlfV .. 
~catlf ne fut enr6g'str6, sauf chez 'les plantes montrant des slg~es d'InfectIon 

g6n6ralls6e. Chez ces dernl.res, toute croissance des parUes v6g6tatlves et 
1 • 0 

reproductrices 6talt supprimée. 

La varlet6 et la sp6clflclt6 des plantès-h&tes pour A. tragopogl 'Irent - ,/ 
'1 'obJet d'une 6tude r6a' Is6e. en mIlieu contrO". ~. trll2poal. Isola c~z . 0 / 

A.~lsttfoll •• a causé une l6gare Infection chez H6l1anthus !!!!!!!. L; .1. 
fut totatement Inefficace chez toutes les autre.esplces 6tudl6es. Des 

1" Inoculations crols6es effectuées avec!.. tragoeoal Iso16 chez Traf?POSlO!! 
prlteÂsls et .Ii. ~ (prove~ant d'Am6r1que du 'Sud) o~t monotr. que èhacun cre, 
Isollts attâqullt sp6clflquement certaines ~spaees. 

_ Â ~ 
En cdnclusfon. !..~ traQegl ne constItue pas u~ ageht efflcac. pour ta 

tutte btologlque contre ~: artem!srrfoli. a cause ae sa fafble pat~'cft' 
et de 1~ tr's grande v~geur de la plante-hate. 
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CHAPTER 1 

~ITERATURE REVIEW 

Introduct ion 

') 6 

Ambrosia artemlsllfolla L. 15 a major $Ource of aer~llergenlc pollen . 
as weil as an agrlcultural weed. Its control has'prov~n difflcult wfth 
herbicides, especially in urban areas because of its tremendous dlstrlbu· 

tlon and reproductive ca~abllities (olckerson, 1968; Bassett and C~to~,. 
1 

1975). 

Har~ls and Piper (1970) suggested tKat Ambrosia artemisl 1 fol la L. was __ ~~_l~ __ ~ __ ~~_ 
iultable for blologlcal control. They Iisted217taxaof Insects parasltlzlng 
AmbrosIa From whlch selection could begln for a sultable blocontrol organlsm. 

l' '" 
~Insects, however, are nbt the only organlsms wrth potentlal use as blologlcal 

.' , 

control agents. Daniel et al. (1973) have shawn that an endemlc, 'host 
-~ .. 1:: 

specifie pathogen (Col1etotrlchum sleosporloldes)"when cultured tn the labora-
tory and applled as a myeoherblclde, controlled northern Jolntvetch 

(AeschY,nomene vi rg 1 n 1 ca (L.) ~. S • P • ) • 

A survey of endemlc pathogens of ~. artemlsllfolla L. In the Ste. Anne 
de Bellevue, ~u6bec. area was undertaken for two successive seasons by, thls 

author. Two obltgate parasites, Albugo trasoeogl (Pers).S.F.Grayand 
1 ;f 

Eryslphe clchoraœ.rum De ex Mtnt, were eollec~ed and '!solated from In'fected 
A. ·artemlsllfolla. ~. tragopogl was selected for furt"er stod~. 

\ 

Williams (1892) observed in 1891 an area of South Dakota ln whleh , 

A. artemlsilfolla was severely damaged by~. tragaposi Ind most plants did 

not set seed. ~. trasapesi, or 'white rust, belongs to' the O~eetes. 

There were sufffclent 'Indlcatl"ons ln the Iiteratuna to show the e)(l~tance of 
vlrlouS forma special ts wlthl'n the specles (Pflst:er, 1927; Blga, 1955; 

Novotel'nova and Mln.syan, 1970). 

1 

.' ", 
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The present.study was carried out to Investlgate the posslblltty of 
" . 

us l'hg .thls endeml~-"p"ath~gen (~\ trasoposl) as blologlc.l control agent 

of A. artem'siitol'a. The blolog~'of the pathogen was studled'to develop -, 
a technique for mllntainlng the pathog~ under labo~atory conditions and 

to deflne Its ecologlcal requlrements. The host range of~. trasoposl. 
was studled to determlne .Its speclflclty and the damage to lU hast was 

eVlluated under cont~olled envlronmental conditions. 

1. Ambrosia artemlsl Tfolla L (Convnon Ragweed) 

(a) Description (after Glenon & Cronqulst, 1963; Bassett & Crompton, 1915) 

Annual herb, 5-200 cm high with a tap root'. St~ms br~nchfng et least 

above, varlously halry or ln part subglabrous. Leeves opposite below, . 

alternate above, petlolate, once or twlce plnnatlfled narrowly to broadty 
ovate or elliptic ln outllne, 4-10 cm. Stamlnate heads 10-200 flowered, 

.-,;.;...-.--- - , 
ln splkes termlnltlng the stems and branchlets. Plstl1la-te ~ one- , 

" flowered, sessile, borne below the stamlnate ones, ln the axiles of the , 
upper leaves; male and female flowers on different parts of the same elant. 
Achenes obov.te, 2.5 mm broad by 3.5 nm long wlth a terminal beak up tc{2 

1'II'/I°'on9 surrounded by a ring of splnes 1 nm long; frulUng Involucre woody. 
Pappus lacking. Flowerlng ln Canada from August to October. 

(b) Taxonomy 
~ , 

Synonyms of~. artemlsllfolla L. Include~. artemlsfffoira elattor (l) 

'" Ses,~. dlverslfo1ia (Piper) Ryd.,.~. elatlor lot A. alandulosa Ryd., ,-/ 
A. marltlma L. an4 A. media Ryd. (Payne, 1962a). It occur5 ln the HellàQtheae - --subtrfbe of the Helenlae trlbe of the Composftae fam'Iy (Gl.,son and Cron-
qulst, 1963). The genus Ambrosia conslsts of 41 speeles (Fernald, 1950; 

1 

Payne, 1964). The u~usual and hlghly modlfted morphology of Ambrosia has 

led to taxonomie confusion at aIl levels, from subspecles to trlbe 

(Dlckenon,' 1968). 
\-

Payne (196~) stated that, slnee Ambrosia and Franserl. are not 

sufflclently dlfferent morphologleally .nd cytologle.lly, they should be 

classlfled as ~ongenerfc under Ambros1a. 0 He also proposed subdlvldlng the 

, 
,,-

'11, 

/ 
\ 

i 1/ t/-
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new taxon lnto four subgenera: Franserla, Xanthldlum, Cercomerls, and 

, 'Ambrosia. Furthermore, he suggested plaelng Ambrosia ln a separate trlbe 

of Composltae - Ambrosl.ae. 
~ 

~. artemlslffolla 15 very variable morphologleally (Gebben, 1965). 

Payne (1962) has Identlfled four major form5: northeaste~n coarse lobed, 

southeastern, lance lobed, scutheentra 1 dlssected ,Ieaved and western 

promlnent velned. A. artemlsilfolla 15 domlnated by, specl~ns whlch are 

Intermèdlate between the above-Ilsted forms (Payne, 1962a,b). 

(c) Distribution 

A. artemlsl ifolJa 15 abundant ln cereal crops and cultlvated row 

crops, common ln fields ln InitiaI stages of abandonment, and con5plcuous 
• 

1 n roads 1 de hab t'bats and eroded soli surfaces lDlckerson, 1968; Fernald, 
r 

1950; Gebben, 1965; Lawalr6e, 1947; Thompson, 19"3, Sinmons, 1928). 

~. artemlsllfolla Is dlstrlbuted throughout'Canada but 15 rare ln 

British ColumbIa, Alberta and Saskatchewan (Ho$s, 1956). SoutHer~Ont.rto 

and Qu6bec, especlally along the St. Lawrence and Ottawa rlvers, have very 

de~se populatIons, whlle ln the Atlantic provinces (~v.'Scotla, Prince 

Edward Island and Newfoundland), the specles l,s, less conmon (B~ssett and 

Frankton. 1971). 

The genus Ambrosia ls Amerlcan, wlth half of the specles found ln 
\ 

North ~rlca. Many specles of AmbrosIa are found ln and about the Sonora 

desert whlch 15 consldered to be the centre of orl91n (Dlckenon, 1968). 

The plant can be found ln most of the U.S.A. except Arizona, New Mexico. 

Nevada, Utah and Colorado (Payne, 1962). ~. art.mlsl Ifol la Is aho known 

to o~cur as an Introduced speiles ln Asla, Europe, South America and 

posslbly ln Mdca (Vall1ev, 1958; 'Plyne, 1962; Numata et a1.,'19") • ..... - , 

(d) Economlc Importance 

e f) BeneficiaI 

Allen and Pearson (19"5) not.d.the value of Ambrosia specles 1. wlld 

avlan food. Raedel and Thornton (rg42) $tudfed the ort contents of 

~. Irtemlsllfolle and reported thlt It hld about the sime 011 content Il 

... 

, . 
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soybeans but~ wJ th better drylng propertles, Utllization tn palnt or 
• , C 

vernlsh WIS suggested. 

t 1 J) Detrlmental 

Durham (t9,1) estlmated that about ,90 percent of the late sumner 

pollen wes pr04uced 'by A. artemls'lfoll.,and A. trlfla •• A. artemlsl'fol' • - --
I~the mast Important cause of hayfever ln elstern North, America (Balsatt 
and Frankton~ 1971h Estlmates Of the percentage of the U.S. population 

suffer/lng allergy due to Ambrosia Rellen vàry fram 4 perc~nt (SoI0m0n. 

1967) to 10.:20 percellt (Payne, 1962), . 1. 

A. artemlstlfolla ls.a15o a conrnon annual weed ln 1118ny cropl' (Dlck.rson. 

1968). Vengrls (J953), samplfng ln the Connecticut RIver valley, found 

~. artemlsllfolle tn 69 pereent of the corn ftelds, 50 percent of the potato 

flel,ds, zf percJtnt of the onlon fieldS' and 18 percent of the tobacco f--!,elds. ' 

~. ar~emlstffo,1Ja has bee,n observed ln ftelds of parsley and carrots as~ , 

weIl (Dlckerson and Rhan, 1963; Ferrant and Bayer, 1966). It ols aho 1 lsted 

as one of the mast wldely spread taxa ln corn and tomato fields Jn Ontario 

(Alex, 1964), Because of Its weedlness ln cultlvated crops and aeroallero· 

genle propertles of lts pollen, A. arteml"slUolla 15 classlfled as Il - . '. secondary noxlous weed un~er the Sëed Act ln Canada (Agriculture Canada, 

1967).0 

(e) Control 

A. artemtsllfolla 15 susceptible to both cultural and chemlca' control 

methods. ,Cultlvatlon ln the field, "mowt,ng and hand pulllng ~r hoetng ln 

the home garden will cont~l-rt (Watson and Hartmann, 1978). Follar-applred 

herbfcfdes such as 2,4-0, MCPA, fenoprop and mecoprop are recommended for 
" 1 

~. artemlsl Ifolla control (Ontario Herbiê'~e Commlttee~ 1978). However, .In 
;r 

many situations, such as urben area~ or natIonal parks where chemleal weed 

control ls ~ot usuall y, oonsldered tnd physlcal means of weed control would 

be toocos,tly~ there 15 • need for l~ernate methods of ,control, such as use 

of host specifIe btottè agents. 

. . 
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'(f) P,rasltes 

~. artemisllfolla hls a large number of organlsms ass~ellted wlth It 
ln North America. Harris and Piper (1~70) Iisted 217 taxa of Inseets IS 

,\ ' 

oceurrlng on Ambros la specles, seven o~ whlch were 1 hted Il monophagous 

,on A. artemisltfolla (Table ~). Gaeden .!!'.!l.. (1974), InCalifornla, 
, ~e'eeted ~hree arthropods par,sltle on Ambrosia - Taraehldla candefacta 

Hubner (Lepldoptera : Noctuidae); Coleophora sp. near Innulatilla Braun 
1 

_r 

(LepldoPte~a : Coleop~ortdae); and Erfophyes boyeef Ketfer (Acerlna : 
ErlQPhyldae) to be tested ln the"U.S.S.R. as potentlal blologlea! control 

agents. 

~: A number of arasltle fungt have been faund on ~.,artemlsllfolla 
'"t 

(T~bJe l, page 6) 

2. Albugo _ tra 0 

(a) 1955) 

Para~ltle and specifie to Composltae. Mycelium tntereellular, 

bearrng sImple' 9,Iobose haustorla. Hyphae 4-6 )lm ln dlamete", i1yaJ ine, 
thin wa'll.ed and ..... eh branched. Conldlal 50rl subepldermel. later ertnpent, 

fonnlng- whl te pustûles on leaves. Conldlophores 5ubelavate, hyallne;'20-'8 
x 12-24 llm, average 30 x 19~. Conidie Joln~d by hyaline eonneettng links 

IntÔ chélns; termlnel conldla pallld yellow, 20-32 llm ln dlameter, average 
, . 

2' loIm, wal-' 4 um equally thlekened; other conidla hyaline to pa 11 Id yellow, 

i 

"tl'lln wal1ed except for annuTar thtckened band, 3-4, llm thlck, subeyllndrleal, 

17-30 x 14-28 um ln dlameter •. Sexual organs Inelude Intherldla and oo9Onla 
borne on myeellal branches wlthfn ~st tissue. The oogonla are globole, 

dark brown to black, 40-72 llm I~ dlameter. eplspore '-5 um thlck, flnely 

metlculat~d wlth areolae 3-' um wlde. Antherldll .re smell and club sh.~d. 

(b) T.axonomy 

Albugo Is 1 cosmopolltan genu • .belonglng to the order 'eronospor.'e. 

of the Oomycete. (Baker, 1955). There Ire 30 k'nown speete. and 7 

vartetreS .ln tÀ. genus (afgl, 1955). AI' membe~S Ire ob°llg.te parlslt •• . . 
of flowerlng plants, wlth many physlologlel' forms Identffl.bl, only 

, . 
accordlng to the respectlv.hosts they Ittaek. 

" J , 
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TABLE 1. Partial List of Parasites Recorded on ~;'Jrtemlsllfol ta 

Insecta 
Homeoptera 

Aphldlae 

) 

Pseudococcus salenopsls Tlnsley-

.. Coleoptera 
Curcullonldae 

Stmcoronyx perpusillui Casey 

Lep 1 doptera , 
Pterophoridae 

~ 
~ ~K.enzle., 1967. 

Anderson, 1962. 

, 

,. ' 

. Adanl. ambros!ae Hurt . Barnes and Lindsey, 1921 • .. 
Ge lec,h r t dae 

Trlehotaphe chamberselle "urt 
Trlehotaphe washlngtorlella ~useh 

Dlptera 
1'ephrl tldae . 

Fungi 

Cal'.chna 9tb~a (Loew) 
Euaresta !!!.li!. (Loew) 

a., Id lomycetes 

.. 

Pucclnla l xanthi f Schw. , 
Entxtome eomposltarum Fart 
Entytoma polysporunt (Pk) Farl 

Aseomyeetes 
ErysJphe clchoracearum oc ex M6rat 

Oomy c:e tes 

Forbes, 1923. 
J 

Forbes. 1923. 

Pl\'I 11 1 ps, 19Jt6. 
Foote t 1965. 

) ... 
Connen, 1967. 
Cpnners, 1967-. 
Conne~ • 1967. 

/ 
Connerl: 1961. 

AlbuRQ traQ2P9S' (Pers) S. F. Gray, Conners, 1961. 
Plasmop.ra halstedlt (Farl) aerl , ~e Tant Conners, 1967. 

DeuterQIJIVcetes 
S.ptorla bac' 1 l Hae,a Wlnt. Conners, 1967. 

. ' 
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, Con,lderable controversy exlsts ln the llterature regardlng the ~lbU 
complex. Early descrIptions ware provlded by Tozzettl (1776). Pers~n ln 

, . 
1801 Jncluded~lbugo as a sectIon of the genus Uredo, charaeter!zed by 
white spores (Baker, 1955). Later, Gray (1821) recognlzed the afflnltles 

of Albugo wl th the PhycOlllvcetes and he redeftn~d Albugo as a separate -
genus. At that tlme, three specles ware Included ln the génus: A. crucl-

, '\-

ferarum, ~. tragopogl and ~. pet~se~lnl. None of these taxa were mentloned 
by Frles ln hls "Systema mycologlcum" (Baker, 1955). ,L6vel1l6 (l8~7) dld 

not acc~Pt Albugo and founded the genus Cystopus; the sexual stage WBS 

deserlb~d by de Bary (1863). Ramsbott~ (1916) adopted Cystopus on t~ 
. grounds that the origInal three specles named by Persoan ware not Inéluded 

ln Frles' "Systeme rnycologleum" and, the re fore , L6ve11l6's Cystopus s~ould 

stand. Wakefiel~ (1927) also accepted Cystopus de Bary over Albugo ln .. 
'accordance wlth the prlorlty rules of botanlcal nomenclature statlng that 

the. flrst name given to the "perfect" stageJantherldlum and oogonlum ln 
Oomycetes is val Id. Thls~ hcwever, has been change~ aecordlnR to 

C\ Article 20(f) of the revls~d International, Bot.nlcal Nomenclature made at 

~he 7th International Botanleal Congress, Stockholm: 

" ••• fungus blnomlals set up by 
S. F. Gray, Schwelnltz, Persaon 

and others between January 1, 1821 

and Oacember 31, t832 may.he 
legltlmate If not Includad by 
Frf es • Il 

(Stevenson .nd Rogers, 1950) 

ln addition to the rullng by th., 'nternatlonal body, the fact that . , ' 

Albuge 15 50 ae5crlptlve and wldely accepted by mycologllts underllnes 
1 

the need to conserve A1bu5l9' Nevertheless, the controversy and confusIon 
~ ~ 

stl11 continues. Rec:entlYt Novotel 'nova (1966) publlshed a IMper on the 
btology of • p.thoge~ cle.rly belonglng to Albugo_ She dellgnated thls 

organlsm Cystopus tragopoaonll (Pers) Schroet. In vÎew of the r •• sons 

" 

'< , 
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FIgure 1. Llfe cycle of Albugo tragoposl 
1) Conldla and conldlophores Cafter Barnes, 

2A) Zoosporanghnn (x "00) 

28) Zoosporanghlll wlth paplllum (x 400) 

2C) Zoosporanglum wlth vesicle partly released (x 400) 

2D) Zoosporanglum releasing zoospores 

3) Zoospore germlnates and penetrates host (x 1000) 
Zp - zoospore; Gt - genn tubè-

4) HaustoÏ"Ja ln host tissue (after Fray.outh. t956) 
Ha - Haustorla 

~S) OogonIWl and anthèrJdh_ (after De-lary. 1863) (x 250) 
00 - oogonlum; An - antherldh .. 

6) Oospor. (x 250) 
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given above, thls organlsm should be deslgnated Albug~ tragopogl (Pers) 
S. F. Gray and thls designatlon wll~ be used throughout thls thesls. 

Perheps no other single aspect of the-,clentlfic llterature reveals, 
more approprlately, the mas~ confùslon that exlsts wlth regard to the 

~axonomy of~. tragopog!, than the nunlber 01 synonyms app1Ïed to It. A' 
pertle1 Iist ls glven below (Blga, 1955): 

1801. ~ candida 8. tragppogl Pers Syn. Funs, p. 223. , 
1809. ~obtusata Llnk, Hg Naturf Freund~ Berlin, observe 1,4. 
1810. ~ cublca strauss, Wette~anlsch Ges. f. Naturk, 2, 86. 
1815. ~ traggP2gl OC, FI, France, 2, 2i8. 
1815. ~ candida B. tragopogonum OC apud OC et lemark, FI, France, 6, 88~ 

1817. Caeoma tragopogonfs Nees, Syst, p. IS. 
1817. Caeorna candldum Nees, Ibid. 

}818-1819. ~ tragopogonls Oplz, Crypt, p. ISO. 

1821. Albugg tragopogonts S. F. Gray, Nat. Arr. Brlt. Pl. 1, 540. 
1821-1823. ~candlda b enlcl Schub apun Flein. FI der beg um Dreseden 

2, 237. 
11824 • Caeoma.tandldum b composltarum Schlecht, FI, Berot 2,2, H7. ,-, 

1825. Caeorna centaureas ~hremberg flde Ilnkt Sp pl 6, p. 2. 

1833.- ~ albugo, Unger, Exanth, p. 192. 
'1847. Cystopus cublcus L6v, Ann Sel Nat, Ser 3,8,371. 
1862. Cystopus splnulosus de 8ary,;'Ann Sel Nat, Ser If, 20, 133. 

1866. Cystopus tragopagonts Schr. kryptf~ 3. pl'234. 
1889. Cystapus braslliensts Speg, Bo.I Ac Nac CI, 2, 481. 
1897. Cystopus tragopogonts sptnulosus Davis, Trans Wlscon Aead, 2, 165., 
1902. çystopus mlkantae Sped Mye Agr Ser 2, p. 67. 

(c) 

(1) 

Llfe Cycle . 

Asexual' cycle (after NoY~tel'~Ya and Mlnlsyan, .,. 
and Brown, 1976) 

1970; Kajarnehalyak~I 

" Upon comlng ln contact wtth free molsture, a mature zoosporanglum af 

~. trapoP2sl will produce a papi l1um. this PlPlllUM rupture., allowrng 
the rel.ase of a thln veslel. contalnlng 7-11 zoosPQr.s (see Figure 1. 2 
A-D) • TIle zoospores sep. rat. ani disperse from the vesfet.. Thes. motlle 

. .... 
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zoospores come to rest and encyst. If the zoospore encysts in a substomatal 

cavlty on the leaf of a suitable host, it germlnates, forming a germ tube 

whlch penetrates through t~e stoma (Figure 1. 3). Withln hours, hlghly 

branched, int~cellular hyphae are produced (Figure 1,4). These hyphae 

produce conldlophores whlch ln turn form conldia ln a baslpetal manner 

(Figu~e l, 1). The çonldia are produced subepldermally, formlng Irregularly 

shaP!li small pustules, usually on the abaxlal s'lde o'f the teaf. When 
" 
sufflclent number of conldla have been produced ln a sorus, the pressure on 

w ' 
• the leaf epldermls will cause the pustules to burst open, releasing the 

zoosporangla which are dlspersed primarlly by wlnd (Populer, 1966). 
, 

(II) Sexual cycle (after Stevens, 1901; Fitzpatrick, 1930) 
Sexua!" organs are formed ln the intercellular spaces of the host 

(WIlson,I"O]) .• They consist of oogonlum and antheridiurn (Figure 1 5,6) 
(de Bary, 1863). When ready to undergo garnetogenesls, the contents of the 

oogonium separate Into two distinct zones: the outer perlplasm and the 

inner ooplasm1 This procass WBS termed "zonation" by Stevens (1901). Whlle 

zonation ls underway, bath the antherldlum and the qpgonium nuçlel undergo 

mi tot 1 c· 1 1 ke divis Ion. Sorne of the resu 1 tan,t daughter nucle lIn the oo9On 1 um 

enter the ooplasm, resulting in a multlnucleated oosphere. At this poInt, a 

fert 111 zat Ion tube from the antherl dl um penetra tes 1 nto the oosphere, and rup· 

tures, releasing numerous nuclel. A second mltosls takes place, and ail but 

two resultant daughter nuclei ~Islntegra~e - one from the oogonlum and 
another originatlng from the antheridium. These two promptly fuse and the 

fusion nucleus undergoes numerous divisions. The oogonium now has beeome 

an oospore and, ln thls multlnucleate stage, It overwlnters. lt wlH 

germlnate by releasing zoospores to Inltiate infection once more (Venma 

andlPetrle, 1975). Palm (1932) reported ~. tragopogi oospores Inside the 

achenes of Tragopogon pratense. Oospores are also ltkely to be seed borne 

ln A. artemlslifolla. 

Cd) Speclallzatlon 

A survey of the literature indicates that A. tragopogl (Pers)S.F.Gray 15 

restrlcted in its host range to Composltae (Wakefleldf 1927, Baker, 1955; 
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Blga, 1955). Furthe'r speclallzatlon wlthln the spectes has, ben Incfleated 

by the work of Pflster (1927)'. He IIsted flve Isolates, each specifie to 

the genul fr.om whleh it wes lsolated: on Tragopogon specles, Centaurea 

spec,les, Clrslum specles, Xerantherum speeles and Chrysanthemum speeles. 

Pfls~er has not erected,~ n~ taxa though. Blga (1955) 1 {sted flva 

!2!:!!!!. speclâl is ~f ~(tragopogl distlngulshed on basis of hosts and slze 

of conidie. \ ~ , ' 

, The ...... rfl~ !co tr.gopogl f. tragopogl tif. 'et 81 9-
2. ~. tragopogl f. pyrethrl Cif."t 8iga 

3., !.. trasppogl f. xerantheml ~ Say. , Ryss. 

,.. A. tragopogi f. Inul ~e CI f. et 81g8 

5. ~. tragapog) f. clrsll Clf. et B~ga 

Each of. the aboye stralns has restrleted host ranges wlth Composlta. (see 

Table 2). NOvotel'noya (1966) added Cystopus tragopol2nls f. hellanthl. 

a straln parasltlzlng Hellanthus annU$ l, There 1$ no agreement, amang 

mycologlsts regardlng the taXOnomy of Albugo. espeelally at the subspec:le~ 

level (Vaterhouse, 1973)., However, It Is ~Ieart from the work of varlous 

~esearchers,.that there 15 a great 4eal of speclallzatlon wlthln~. 

trasopogl (Pffster, 1927; Savaleseu and Rayss, 1946; 8lga. 1955). Tharefore 

the fsolate from!.. artemislifolla ls llkely host specifie and thul worthy 

of Investigation as a blologleal control 'agent of thls noxlous weed. 

, 1 
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TABLE 2. Host Speclflclty of Albugo trapopoil (Pers)S.F,Gray Types.A.t 
Trt be Leve l "'f \ .§ 

> ...... 

lit 

X 
\1 

An them't deae 'X 
~eae X X X X 

Eupatorleae X 

Cichorieae X 

Ambroslae* > X l, 

Tota 1 number of 
genera a ttacked 19 2 2 2 Total • 3· 

*Ambrosla and Franserta comblned. 

1 ::tuso trasppogl 
Il ~ tr'sapogl 

III ~ traSOp9gl 
IV ~ tragopogl 
V AlliUjO trasopogl 

i 

, 

1 

(Pers)S.F.GrlY trlgo~,' tif. et 8lga' 
(Pers)S.F.GrlY pyret\r C~f. et Blga 
(Pers)S.F.Gray xerlntheml ennui Sav. et 
(Pers)S.F.Gray Inùlae Clf. et 81gl, var. 
{Pen.>S.F.GrIY clntl 'Clf. et 81g1 

û 

• After 

1/ 

) 

• 
(8Igl, 1955) 
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.. 
(a) Introduction 

Zoospore rel.ease Is t"e flrst stage ln thr Infection process, le~dlng 

to dlsease. In order to understand the host-parasite relatlonshlps between 

~. tragopogl and Ambrosia a~temlsllfolla, It ls necessary' to determlne the 
~exact envlronmental conditions requlred for zoospore retease. Once obtalned, 
,thls Information can be used to develop an InoculatIon technique ln the 
laboratory. Previo~s studles on Zoospore release by~. tragopogf zoosporangla 
were carrted out on~. tragopogl tsolated\from Hetlanthus!!!.!!!!!.: CNovotel'nova 

and MtnasYran, 1970. KaJornchàlyakul and Brown,. 1976). The Isolate From ~. 
artemlsllfolta Is Ilkely to be a ~tfferent ~ speclalls, and may have 
sllghtl~ dtfferent envlronmental requtrements than those studfed ln Russla and 
Austral la. Test~ were carrled out to determlne the optimum conditions 
requlred by Ithe zoosporangla~zoospore relea~e (Plate 1'.7, "8). 

(b) ~tertals and Met~s 

Zoosporangla were collected by means of an .asplrat 
, "~tt~ 

,. 5 ~o 7 day old pustules on plants IIIIlntalnèd ln 'eftWt'ON_~1o+Y 
chambérs set at 220C, l~-hour day and 19°C, 10-hour nlght. 

) 

oThe zoosporangla were added to dlstl lied water t'o fom a suspension and . . 
adJulted to 150,000 zoosporangl. ~r ml11tllter. One hun~red and twenty 

, Mllllllters of the suspensIon were transfarrad Into each of 36 ona hundred and 

flfty mllllllter beakars. Three beakers wlth suspension were placed ln elch 
of' the foUowlng condltlol's: - S°,Ç, 10°C, 1soe, 20°C, 2SoC, and lOoe, 111.uml~­

ated wtth fluorescent tubes and Incan~scent bulbs, glvlng a total of 2',000 
lx, and the same temperatures (5, 10, 15, 20, 2$ and 30oe) but wlthout Ilght. 

A11 treatments .re starteod at the sime th. In dlfferent envlron.nt.lly 
control1ed cabinets set at 60 percent rel.tlve h~tdItV. .. 

\ • 
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Aliquots of 3 ml were taken From each beaker at one-hour Intervals for 
12 hou~s; two drops of 0.05 percent lactophenol cottonblue, were added to 

each samp1e to stalnthe zoosporangla and prevent further zoospore '\~lease • 

.percent of zoosporanglal release was observed by countl,ng ranctbm 

~ microscope fields ln each sample untl! 300 zoosporangla had b~ obs~rved. 
Zoosporangla that only released sorne of thelr zoospores were not counted. 

Percefltage' data were, transformed to arcslne Vperce~ta~), analyzed by 
analysls of variance and means wete campared by D.uncan's Hul;j'lple Range 

'\ Test. 

(c) Results and Discussion 

'Zoospore release occurred from SoC to 30°C with the optimum occurrfng 
. ° 0' • at 10 and 15 C. At 5 C, zoospore release rate Increased 1 inearly, reaching 

° -)0 p.rcent at the end of 12,hours (Figure 2). ~t 10 C, zoosporangla 

rèleased their zoospores at a hlgh rate for the first '6 hours. levelling 
off at 48 ~rcent (FIgure' 3)Q. zoo~pore rele~se at ISO'C Increased llnearly, 

reaching 65 percent after 12 h~urs (Figure 4). R~lease rate at 20°C was 
, 0 

similar to that a~ 5 C wlth a Ilnear increase, r~achlng 15 percent wlth no 

° signs of levelling off et 12 hours (Figure 5). At 25 C, germination was 
low, 1-2 percent, and remalned at that level throughout the experlment 

(FIgure 6).' At 30°C, results were slmrlar to those obtalned at 25°C wfth 

germinat"fon ra~e steady at one percent (Figure 7) • 

~ , 

Release of z06spores at aIl temperatures occurred ln both Iight and 
o • 

° ° ' dark. At 5 C and 25 C,' signlficantly (p S 0.05) more zoospores were . . / 

re'Jeased in the dark, whi le, at 15°C, sfgnificantly more (p ~ c O•05) were 
~ C> 

'released in lJght. At 10°C; 20°C and 30°C, no signlflcant differences were 
a ~ , 

fouRd in the lev~ls 6f zoospores released (Figure 8). 

The r.esults ,.from this study are 1n generat agreement wlth prevlous 
o • studles oIL~.' trlgopOQI and related specles, such~ as,~. cructferar"" 

kl'S"7. ' 
(. ~. ~), ~. blltl. A. occlde!ltalls (Melhu~,' 1911; "a,."r, 1933; 
Hougas !l~., 19S2, Raabe an~ Pound, 1952; Balasubramanlan, 1961. 
Novotl'nova and Hln~syan, 1970; Kajornchalyakul and Brown, 1976)~ 

r!" a ,. p 

ln aIL theseocases, zoospo~e rel~ase oecurred over a rêlatlvely wide 

rangé of tempe'ratures (S-2SoC) wftb>~he optlm~ between looe and ISoC and . 
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Figure 2. Zoolporanglal refease at 5°C. )n " .... t 
and dark over 12 hours. . , 

.For 'Ight. ll-(O.76X,'+ 0.5" 
and dark, y ~ o.Mx + 1.09 

" ......... i Ight 

F~lgure 3. 

" 

. " 

.. ___ rk 

Zoosporanglal rel .. se a~ looe, ln 'fght 
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a sharp decllne in zoospore release at higher temperatutes. Light does ( 

not appear to have a profound effect on zoospore release even though 
l , 

dlfferences were found between sorne temperatures in the study (Flgur~ 8). 

2. Hos t Damage 

(a) Introduction 

A. tragopogl has been observed to cause consIderable damage to host 

.plants. Williams (1892) reparted l'teavlly Infected ~. artemlsl Ifol la .,re 

50 damaged as to set no seed. Others have reported the pathogen parasltlzing 

and damaglng a varlet y of plants, Including sunflower (Hellanthus ~ l.) 

and salslfy (Tragopogon porrlfollus L.) (SackstoQ, 1957; Bertossl, 1962; 

Novote l' nova,' 1962; Hi dde 1 ton', 1971) • 

The existance of varlous ~ specialis withln Albugo tragopogi have 

been indicated by several authors (Pflster, 1927; 8iga, 1955; Novotel'nova 

and Htnasyan, 1971). These stralns may weIl vary ln thelr degree of 

pathogenlclty towards thelr respective hosts. Furthermore, Dantel et al. 

(1973) ha~ demonstrated that It 15 posslblé to manlpula~e pathogen~w~h 
relative ease 50 as to Increase thelr impact on a weed popul,atlon. Thus 

a host specifie strain that has not caused any signlflcant reduction in its 

host population under normal conditions may, nonetheless, be considered as 

a possible biologlcal control agent. 

The potential of the Albugo tragapogl Isolate from A. artemlsTlfolia 

to damage its host was tested under controlled environmental conditions. 

(b) Haterlals and Hethods 

Fifty seedlings at the two-Ieaf stage were looculated ustng zoOsporangla' 

collected from 5 to 7 day old soril on A. artemisiffolla. The ragweed 

(~. artemlsllfolla) plants used as source of inoculum were malntalned at 

20°C ln envlronmentally controlled chambers. 

Zoosporangia were collected wlth an aspirator. (Plate r, 6) and trans­

fe~red Into precooled (15°C) dlstilled water to form a suspension. The 

concentration was adjusted to 150,000 spores per ml wlth the aid of a leavy 

hellDcytometer. One hundred and twenty mi li i Ileters of the suspension were 

" 
'" 

" ~ 
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placed into fiat glass dlshes (2 x 8 x 10 cm) (Plate 1, 1) whlch Were then 

1 edll • t Il t II d chambers set at 150 C for 3 hours to p ae n env 1 ronmen a, y con ro e 

. a11ow'for zOQ.~porangial ralease. 

ln order to prevent the roots of the seedllngs from desslcating, they 

were placed together with,some molst solI between two small (4 x 4 cm) 
, \ 

glass squares, fastened together with tape (Plate 1,2,3). The plants 

were lnserted Jn an inverted position ln a metal rack 50 that the leaves 

protruded below It (Plate 1, 4). The racks were placed over the dls~es 

contalning the ino~ulum (50 that the leaves were weIl Immersed ln the 
- . 

suspensi~n) (see Plate 1, 5) and left in the environmentally controlled 

chamber for 8 hours in dark at lSoC. Followlng Inoculation, the plants 

were removed and planted ln 10 cm dlameter pots in a greenhouse soli mix 

of clay loam, sand and peatmoss (3:):1). 

Control conslsted of 50 A. artemislifolla plants (at 2-leaf st~e) that 

were treated simllarly to those above, but Immersed ln distilled water only. 

Ali 100 pots were placed' inslde ., environmentally cont,ro1Jed chamber with 

24,000 lux llght provided by cool whl~e fluorescent tubes. Photoperiod was 

15 hours light and 9 hours dark for the initial 21 ~ays. Daylength wa! 

subsequently reduced by 20 minutes every 7 days. When 13-hour- daylength 

and ll-hour dark was reached, the photoperlod was kept constant for the rest 

of the experiment. Temperature was maintafned at 21 0 C ± 0.50 C, day, and 190C 

± a.soc durlng the night wlth relative humidity at 40 percent. 

Plants Mere examined frequently and numbers of pustules per leaf were 

récordèd every 7 days. Upon the onset of anthesls, clear dializer tubes 

(28 mm wi"de) 'were placed over and sealed above and below the male spikes to 

trap all pollen shed. Five control and f've inoculated plants were selected 

randomly to provide sources of pOllen for pollinatlon; therefore, thelr 

splkes were not covered. One hundred and thlrty days after inoculation, the 

experiment was concluded. Pollen from each plant WBS cotlected, suspended 

ln 200 ml of water and 3 samples from each plant were counted with a Leavy 

hemocytomete~. The number of male flowers and seed set per plant was a150 

recorded. Plants were harvested and oven drled at 40°C for 24 ~urs for dry 

welght determlnation. Welghts of roots were tabulated separatèly from the 
, , 

rest of t~ plant. The data obtalned for each parameter we, subjected to a 

computedzed t test (Bat' !!.!l., 1976). 
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(c) Results and Discussion 

Wlthln 21 days of inoculation, 37 of the 50, plants Inoculated (74 percent) 

had shawn sorne symptoms of dlsease, mostly Dn the leaves actually Inoculated. 
1 

The symptoms consisted of'whlte pustules, 1 to 3 mm in size, mostly on the 

lower slde of the leaves and chloros!s on the upper part ln the general area 

of the pustulès (Plate '1,9, 10). Wlthln 5 weeks of inoculation, 19 of the 
( 

plants (61 percent) hlving Initlally 51 or more pustules per plant lost their 

first two leaves and, wlth them, most dlsease symptoms (Figure 9). New leaves 

growing on these plan~s had no pustules or chlorosts. At thls stage, two 

distinct categortes of plants ,merged: (1) plants with local Ized symptoms '. , 

pust~es.on the ffrst 4 leaves, but none on new leaves; and (Ii) systemlcally 

infe~ted plants, chlracterized by numerous (50 or more) pustules ~rgin9 
simultaneously on el ch leaf. These systemlcally infected plants also fre­

quently had pust~les Iiong the,petloles of the leaves. By the 56th day after~ 
inoculation, only 7 plants showlng systemic infection symptoms eontinued to 

produce pustules. 

Hale flower head numbers per ~. artemfsiffolla were found to range from 

o to 2,000. When the mean number of male head on lnoculated plants Cn • 50) 
'" 

were compared to those produced on control plants (n • 50), no ,slgnificant 

dlfferences (p ~ O.OS) were found'\ (Table 3). However, whe" considering 

lnoculated plants according to thè,severlty of symptoms, plants systemically , 
Infected (n • ]) produced signiflcantly less (p ~ 0.01) male heads than con-

trol (n· 50) (Table 3a). Plants that have shawn no further dlsease ~ymptoms 

after the 8th week post inocula,tlon (n • 31,) produced signlflcantly (p ~ 0.01) 

mor~ male heads than control wtth n· 12 (Table 3b). Plants that did -not 
exhtblt .ny dlsease symptoms produced comparable numbers (Table 3e) of male 

heads to those of control plants (n • SO). 

A. artemfsfJfolla has an tndetermlnate type t"floresence; thus, some 

male flower heads and flowers mature earller theft others (Jones, 1936). No 
, , 

two splkes on A. ertemtsllfdlla plants mature sfmultaneously (~ssett et al., - --
1961). Thè al'lDunt of po 11 en shed ~y Individuel plants depends on the number 

of mature flowers par splke and other factors such as relative humldlty, 

temperature, photoperlod and genetlcs (BianChi et 81., 1959). ~ --,; 



1 , , 

1 

1 
J", 

o 

, ' 
1 

l' 

27 

A. artemlsi ifol ia' plants vary in size From 5 to 200 cm wl~h few to 

numerous leaves (Basset and Crompton, 1975) (see Plate III, 2). 

Payne (1963) has dlstin uished no less than 16 distinct forms. The observéd 

dry ~ights-of tops réflected this and ranged from 0.5 9 to 20.2 9 in the 

present experiment. When the mean dry weight of the inoeulated (n • 50) 

plants and non-inocul~ted plants (n • 50) were eompared, no signifieant 

dlfference (p S 0.05) was found (Table 3). However, when the mean helghts 

of plants showing systemSc disease symptoms (n ~ 1) were eompared to that 

of the control plants (n. 50), a signlflcant reduction (p < O.Ol) WBS , -
found (Table 3a). Hean top weights of plants on whieh dlsease symptoms 

were not observed after the 8th week (n· 31) and those that Mve shown no 

disesse symptoms (n • 13) were not signlflcantly different (p ~ 0.05) from~ 
" /""':---î 

those observed for control plants, (n • 50) (see Tables lb, le). 

Root welghts for inoculated plants (n • 50) were not signlflclntly 

different (P ~ 0.05) From those recordéd for control plants (Table 3). 
However, when weight of roots of plants showlng systemlc d isea~e symptoms 

(n • 7) were ttompared to those of the control plants (n • 50) t a sign Ificant 

reductlon (p ~ 0.01) of root weight was observed for the former group (Table 

3a). Hean root welght for plants on whlch disease sYmptoms were no longer 
\ .. 

observed after 8 weeks post Inoculation was not slgnlficantly dtfferent 

(p S 0.05) than that of the control (Table 3b). Simllarly, for plants that 
,1 ' 

showed no dlsease symptoms during the experiment. no sf~ntflcant (p ~ 0.05) 

reductlon was observed From that of control (Table 3c) • 
. 

It should be noted that even though results obtained for plants 
c 

exhtbtting systemle dlsuse symptoms when compared to those observed for 

control plants were signlflclnt~y dlfferent, these results should be viewed 
, 

with clution, due to the 511111 Simple slze. It Is evldent that!.. artemlsl-

Ifolla, a suécessful'weed, Is very adaptable and plastic In./lIIOst ~spects of 
( 

its blology. This varlabl1lty wlthln !.. artemlstlfona populations necessi- , 

tates a very 'large semple slze when testlng effects of dlsease on the plants. 

To obtain such a sample would be very dlffteutt wtthtn contr~lled envlron­

mental' conditions. Perhaps the most reasonable solution wOuld be to test the 

effect of the pathogen on fts weed host t,.J large field tests. . 
• 1 

~ 
1 
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These facts would suggest wide variations in quantlties of polten shed 
, 

by Indlvidual ~. artemtsl Ifol la pllnt~. Indeed, quantltles observed ln this 
/ -

experlment ranged from 0 to 294 million pollen grains per plant. 

Wh!n inoculated pl,ants (n - 45) were compared to control plants (n • 45), 
no slgnificant differences (P ~ 0.05) were found in the mean"number of po11en -
shed (Table 3). However, when the quantlty of pollen shed by plants 

showing systemic infection symptoms (n • 7) was compared to that shed by 

control plants (n-4S), a significant reduction (p S 0.01) was observed in 

the former group (Table 3). When comparlng pollen quantltles shed by plants 

that showed ho disease symptoms after the 8th week post Inoculation (n • 25) 

to those of control -;~ts, no si gnl fi cant dl fferences (p S 0.05) were found 

(Table 3)· Simllarly there was no signiflcant dlffe~nce (p ~ 0.05) f~und 
between mean number Q pollen shed by plants that ,never developed disease 

symptoms (n • 13) and that of the control plants (n - 45) (Table 3). 

_ Seed production by A. artemlsflfolla is also highly variable. A single 

plant m8'y produce between 3,000 "and 62,000 seeds; some plants, however, tend 

to be predominately plstillate (Gebben, 1965; Dickerson and Sweet, 1971)\ 

Total nlinb,rs .of seed produced per plant depe~d on environmental factors" 

such as temperature, photoperlod and length of growlng season (Dlckerson, 
t968). Seed production Is also highty correlated with fresh Welght of plants 

(Bassett and Cromptom, 197$). Thus It 15 safe to assume that larger plants 
will produce more seeds. 

ln this experiment, seed numbers observed ranged From 0 to 293 per 

plant. When the mean number of seeds produced by Inoculated plants (n • 50) 
" 

was ~Ired to those produced by non-lnoc~lated,plants, no signlficant 

dtff4rences were found at P ~ 9.05 (Table 3). H,owever, when the meln number 
of seeds produ~ed by plants exhtbltlng systemlc dlsease symptoms (n ·,7) was 

compared to that of the control plants, a highly slgnlflclnt reductlon (p ~ 

0.01) WIS found in the former (Table 3). Mean nurnber of seeds produced by 

plants .In whlch dlsease symptoms were no longer obs.rved after the 8th week 

post InoculaUon dld not liffer slgnlftcantly (P ~ 0.05) from that of the 

control plants (n - 50) (see Table 3). The same was true of plants th.t. 
/ 

although fnoculated, dtd not JtrOW dlsease s'imPtoms (Table 3): 
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TABLE 3. 

t) 
~' 

- ~ . 
Effacts ~! A. tr:rr;y' on flowerlng, pollen shed, seed product Ion and bl6mass 
we'ght of !. artam sI foll. L. 

~. 

.". 

- ------ - - -----

Infected 

Totar SymptOAIless Local 'zed d System'c 

P.r_ters'\ (n • SO') (n .; 12) (n • 31 3) (n • 7f 

'1 
'-" 

." 

Control 

en • SOl) 
"t 

1-

.".t ... ~ 
: <-' 

-;~': 
y',,;,\ 

~~ --
~5-

1 ~ } • ..;. 

j.);:' 
t •• 

iX; 
t ;-
'. 
"~d 

, '~:: 

Pollen .he; 30.6 :t SO.,,· 46.' :t 80.~2· 30.6 t 32.0a 0.02 :1: O.06b 22.0 :t 21.0· -

... :.-' 
, , 

"',' ~-.: 

'\. 

;;~ ... ~."' .... - t ~ 

" 

-î"'­

''',' 

..... flower heads s.e. let 

Top welgbt (g) 

Raot welght (g) 

" 

'" 

, 

183.1:t 511.l b 

73.5 :t 60.2-

10.5 :t S.lh 

3.8 :t 2.0k 

11~ 551.1
b 950.5 ± 423.3c 

75.8 :t 55.~e 'J.I ± 56.4e 
~ 

12.1 ± ".3 . 11.2 :t -... 3h 

lt.8 t 2.,k 3.7 :t l.Sk 

'Ii' ' 

26." ± 6O ... d 691.5 :t 3S5. Sb 

"1.1 :1: lt.5 f 9S.7 :t 11 .Se 
'\, 

2." :t 2.2 1 Il.6 ± 3.9h 

1.9 ± 1.2
1 

~.2 :t ,1.Da" 

" 

'- 1 
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J ,: ~ 
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..l- ';1 
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Notes for Tables 3 

ln .45. for pollen shed 
2numbers representlng millions of pollen grains shed 
3n 6 25 for pollen shed 
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Means wlth thè same letter ln the same row are not slgnlflcantly dlfferent 
at P ~ 0.05 (computerlzed { test; aar et al., 1976). --
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,3. Host Range 

(a) Introduction , 
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If an organlsm 15 tq be useful .e5 a bl910glcal control agent, It must 

have a narrGri host range. Verlous methods have been suggested for the 

selection of plants to be us~d to de~ermtne host spectflclty, amang them . 
crop testlng, whlch lnvolves expostng large nunèe'rs of crop plants to the 

organlsm (Wapshe re, 1974), and the blol09tcally relevant method (Harris 

and Iwo 1 fer, 1968) whlch tnvolves th~ examtnatlon of the btology~d 
evolutlonary relatlonshlps between the control agents and hosto A thlrd 

, 
approaeh, lncorporating f~atures From both of the al:iove two methods, was 

used ln the present study. This method, the centrIfugai phylogenetlc 

approaeh (Wàpshere, 1974) t requlres extensive testlng of plants closely 

re lated' to the terget weed as we 11 as various crop plants. 

Reports From the 1 iteretu~ ln~i cate that varlous~. tragopogl lsolates 

have restrlcted and mutually exclusive host ranges ~Blga. 1955),·. This was 

tested by cross Inoculatlng Hellanthus ennus L., Ambrosia arteml~lffo1fa L.' 

and Tragopogon pratens 1 s L. wf th~. tragopOjl' tsolates From e.ch of the 

above plants. 

(b) Materlals and Hethods 

Sixt y specles ln 47 genera were tested. Out f?f these,36 specles ln 

27 genera belong to Co~oslt_. Fou collections of !. artemfsfJfoli • .,d 

8 v.dettes of Hel tanthus .,nus L. re tested. The remafntng 21t specles 

Were selected from 13 faml Hes havlng members wl th eC~OIIlI c t~rt.nce. 

(I} Host speclflclty 
1 • • 

Plants were grcwn from seed ln a 5011 mIxture of clay 10811, ,.ad .ad 
, p 

put /ll)SS 0:3:1}. Seedl1ng at .the 2-1elf stage were Inoculated wtth a 

zoosporlnglal suspensIon ln dfstf1led water as out1tned prevlously' (Chlpter 
, 

Il,2b). After Inoculation, the seedllngs were transpllnte4 Into 10 cm 

dlameter pots contafnlng greenhouse 5011 mIxture (clay 1~ .... d, peat ftI05S, , . 
3:3:11. Intti.l1y, Inocul.tad plants were.placed ln the greenhouse ln a 

co....,lete randomlzed design wlth control plants of !.. artetnlsllfoUa 'noculated tn 

1 slml1ar m.-mer. CondItions w .... a. foJ1aws: clay te.,.,.rature 20 + It°c; nlght - . 

\, 
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temperature 18 t ~ C;-natur.1 daylength was extended to 1~ hours by ~.ns 

of 20 flood lights (1S0 watts •• ch) h.vlng 11,0001ux lntenslty. These 

conditions proved to be less th.n optimum for dtsease development. After 

20 days in the green~use, the plants were removed.nd re-inoculated together 

wl'th "If healthy A. artemlsflfol i. plants as outllned .~ve. These plants - , 

were then placed ln environmentally controlled chambers set at the fol1owing 
condition: d.y temper.ture 21 t O.SoC; nlght temperature 19 t O.SoC; 

ltght intenslty 24.0001uxjrelative humidity 60 percent. Subsequent host 

spe~iliclty tests were ail conducted in environmentally controJled chambers. 
Plants were examlned frequently and the numbers of leaves and pustules were 

tabulated,every flve days. 

(fi) Cross inoculation , ,\ 

. " 
- Twenty sunflower plants (varJety Sundak) and 20 ~. 'artemlstifolla plants 

Inocul.ted with an Isolate of~. tragopogl ,fram!. ~obtained fr~ 
Ar~entina, South America. 

r 

j 

T~ty Tragopogon pratensls ptants with 20 ~. 

inoâulated wlth ~. tragopogi isolates from 1. 
. ' 

arternisi i'ol ia plants 'fie're 

pr.tensis. 

- Twenty TragopoQon pratensls plants and 20 ~. artemlsllfolia plants were 

inoculated with ~. traQ2pogi isolate from~. artemisttfolia. AlI plants 

w.n!'inoculated at the 2-1eaf stage uslng the same procedure as outlfned, 

-,-above (Chapter ."" 2b) Cl 

o 

(c) Results and Discussion 

(i) Host speclficlty 

~. tragopogi tsolated f-rom~. arteml'Utolla ha. a very restrlcted 
host range. In aIl tests'conducted, only ~. artemtsilfolla and Helianthus 

!!!.!!!!!. developed symptoms (Table 4). 

A. artemlsi ital la pl'ants were clearTy susceptible to the dlsease - 3'''' -
out of " inoculated developed symptoms (Table If). Hel tanthus annus, 

however, 15 an tnco"f8tlble host for the ragweed Isolate of !.. treRC?P2S"---. 
Pustules ln aIl varletles tested remalned sm.ll (O.S-liS mm) as oompared 't~-­
those on A. artemisltfoll. (1.0-3.0 .). A1tho,!gh chlorosls appeared on 

!!.. !!lm!!. leaves ,In the general aree of the pustules, the SytlptOlRS were 

restricted to those J .. Vas that were actually lnoculated and the dl ... s. 

never becMe system'c. See T".e 5. 
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TABLE 4. Plants tested for susceptibllity ta AlbuS? tragopogf (Pers) 
S.F. Gray 
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PLANTS TESTEO: 1 NFECTION LEftL 

, Compas t tae 

, , 

- . 

Tubul iflorae 
Hellanthae 

~Ambrosla artem'sllfolla (Qu6bec) 
Ambrosia artemlsfffotta (Ontario) 
Ambrosia artemlsillol'a (U.S.A.) 
Ambrosta artemlsflfolla (U.S.S.R.) 
Bidens frandosa L. 
Carth ...... s t' nctor 1 5 L.' 
Gâlinsoga cillata (Raf.} Blake 
Hellanthus annus L. var. Sundak 
Helianthus annus L. var. Peredovlck 
Helf.nthus .nnus L.-var. Krasnodarets 
Hellanthus annus l. var. Voschod 
HeJlanthus annus l. var. Commander 
Hel Janthus annus l. var. Salult 
Hsllanthus annus L. var. Corona 
Hellanthus annus L. var. Latuln 
Lactuca sattva L. var. 8uttercrunch 
Lactuca serrlola Mlchex 
Silphlu. Intesrlfoltum L. 

Anthemidee .. 
Artemlsla vulgarls L. 
Chrysanthemum leucanthemum L, 
Chrys.nthëftûiii parthênha (l.) Beneh 
Matricat'a ehamomff. L. 
Tanacetua vulgare L. 

Se nec loneae 
Seneelo vulsare L. 

Asterae 
Aster brachy.te, Blake 
Aster vf.lneus L_. 
trlseron .trls l. 
Erlgeron ëh'1adelphfeus L. 

)nulue , ~ 
Inula hel.nlum L~ 

Cynare •• 
Arctlum .Iaus Schk. 
Arctlum tQMéntosy! "'11 
Cardou. !9!\fihot •• ... 
tanGuA a !! ... C., \ 

", 

\ .. 
\ 
\ 

"-

, . 
\'_' l. 

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

+ 
++ 
+ 
+ 
+ 
+ 
+ 
+ 

.. .. 

... ' 

• 
~ ~ ~ 

.'; \' ".; 'c;:' F,"}:;;r~,i>;~t,::;{i:<~ 
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TABLE 4. (cohtln'ued) 

PLANTS TE STE 0': 1 NFECTI ON LEVEL 

Campos itae (continùed) 
Tubullffbrae (contfnued) 

Cynareae (continued) 
Cent.ur.. Jacea l. 
Cfrslum arvense (L.) Scop 
Clrslum dlscotor (Muhl) Spreng. 
Clrslum vulsare (Savl) Ten. 
ëynara scol~s L. 
Ech 1 nops sp erocepha Il 5 L. 

/ 

Llgu 1 fi orae 
~ C Icharlue ' 

Clchorlum Intlbus L. 
Crepis tectorum L. 
Hlerlcru. aurlntiacum L. 
Leontondon autumnalis L. 
Sonchus .!.!.I!!!. (L.) H 111 
Sonchû" orericeous l. 
tar.xacum officinale Weber 
Tra90P2fO" pratensis l . 

. Caryophy 11 ace .. 
Dianthus carrophyllus L., cv. Enfant de Niee 

Chenopodtlceae 
!!!!. vulgarls L. t ev: Stokes Special 

Convo 1 vu 1 aceae 
lpomea purpurae Lam., cv. Imperial Japanese mlxed 

Cruel ferae 

1 

Br.sslca olerle .. f. Ital tea L., cv. Rapine (sprlng Ra~b) . ". 
BralSfea ol.rec .. f. botrftis "111, cv. Snowtrown 
Brassici olerac .. ·f. g ... fera l., cv. LonJ Island "mproved 

fBr.sslcl olerac .. f. capltata L.t"cv. EMerald Green 
RaphiÎnul satlvus L., CVl Scarlet Globe specla' 

, Cucurb 1 tace. 
"" Cuc_ls _10 L •• cv. Suger Sa 1 OllOn 
~', euc_as iiiTwl l., cv. Vlctory 

. F.~ cornl";'atus L •• cv. "'~.1 
Gr._ne. J 

TrI tleu.- ... Uv. L •• cv .. Glenl .. - , 
" . 

., , 

.. 

-, 
, " " 

' .. ~ 

) 
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TABLE 4. (contlnued) 

PLANTS TES1EO: .. 

Mentha pipèrita L. 

Lntaceae 
At1ium'~ l., cv. Southport Red Globe 

M.lvaceae 
Abelmoschus esculantus L. t cv. Perk!ns Mammoth long Pod 

'Althea rosea Cal •• cv.'Summer Carnlval 

Rosaceae 
Fraserla virglniana L., cv. Baron Salemancher 

Solanaceae '" 
Capsicum annum 'L., cv. Earl lest Red Sweet 
lYCOeyrsicum esculantum var. Commune Mill, cv. Beafeater 

FA 
Petunia hybrIda Vt1m, cv. Red Devll 
Solanum meiongen. var. esculantum Nees., cv. Imperial 

Black Beauty 

Umbe Il i ferae 
Oauçus carota L' t cv. aabyffnger-Nantes 

\. , 
++++ l~ pustules or more per plant 
+++ 50-99 pùstules per pl~nt 

++ 11-49 pustules par plant 
+ 1-10 pustules per plant 

no pustules or chlorosls 

< . ' 

.' . 

, ~' 1 
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TABLE 5. Average number of pustules per plant of the dlfferent sunflower 

; varletles and A. artemfsllfolla lnoculated wi~th ~. tragopogl. 1 'r 

1- ~ .. . 
Days After Inoculation .' , 

l ' Host 20 25 30 35 40 

,. Sunflower 
, 

/ 
~ Sundak .. It , 1.8 1.8 o ... 0 

Peredovic 29." , 28.2 21.6 13.0 0 

Krasnodovl tos 
.~ 2.0 ".2 2.6 2.0 0 

Voschod 6.6 6.0 1.6 0.2 0 

Conmander 4.0 3.0 4.0 9 0 
Satu'ft 0 2.2 ".0 2.6 0 

Corona 0 O." O." O." 0 4 

d 
, 

Latuln 3,." ..... ".2 3.4 0 
,"" ~ 

" A. artemt 51 Ifolla 15.0 25.59 48.52 102.7J 208.1 
l 

',1 Ci) 

,. 
1 < 

"" ... ~ ~ 
.< 

"1 :i ' 

~ 
, 
'. 

1 

, 

. ., 

1 • 

. ."" ( 

, -.' .. . .. 1 ... ". ' 
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, 
i 
1 

\ 39 

(II) Cross inoculation 
The Albugo trasopogi isolate on !i . .!!!!!!!!. from Argentina falled to 

produce any disease symptoms on A. artemisllfolla. However, on H. an~us, - --
this isolate produced'large pustules (2-4 mm dia~ter) and chlorotic areas 

) , \ .\ 
which later became necrotlc ar.ound the pustules. The dlsease was clearly 

more damaging and extensive than that produced by~. tragopogl isola~e 

from~. artemisilfolla on the same host variety. Inoculations of T. pra-
, tensis with is01ate from A. artemisllfolia falled to produce any symptoms, 

while, on T. pratensls, pustules appea~ed withln 10 days of inoculation. 

No symptoms were observed on~. artemisi ifolla lnoculated with ~. --. ..... """-....... 
isolated from!. pratensis, but, on!. pratensis, characteristics pustules 

appeared within 7 deys (Table 6). 

\ 

" 
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TABLE 6. Results of cro~s InoculatIons tnvolving three plant hosts and 
three respectIve lsolates of Albugo tra99pogl. 

• 

. " 

Source of Hosts 

lnoculum 
Ra~ed Tragopogon 

" 
~gweed ++++ 

trragopogon ----
~unflower ----
(Argent 1 na) . 

, f 
var Jet y Sundak 

++++ 100 pustules or more per plant 
+++ 50-99 pustules per plant 

++ 11-" pustules per plant 
+ )-10 pustules per plant 

----

++++ 

• 
, 

---- no pustules nor any other dlsHse syntptoms 
'* not tested 

4'::; .-
",. ! 

t '.';<';.f~. ,:~ 

... t(, ;;~t .. .tn *,." 

1 

Sunfl owe r" 

+ 
, 

\ .' ~ 

"".. 

-



r 

_____ ~ .. -_"~ ".t"" ,."~_"-""--___________________ ""';;;":-"""",,,-~," .. -> ''''''V_.' , ". P. """",,' ,- '~ 

~ .... ~ 

P'ate t. 
1-

2.3. 

',' 
It. 

.~ 

5. 

6. 

... 

/ 

, .. 

1 

/. 

InoculatIon apparatus. 
(a) Glass plates to hold roots of 

plants. 
(b) ~tal rack used ln Inoculation. 
(c) Glass dish used for zoosporangl •• 

suspensions. 

. 

A. art_tst ifolla plants befng pl"eparecl 
'Tor 'noculatlon. Roots between glass 
plates to .void desslcatlon. , 
Plants fnserted Into metal râck~ ready 
ta be lnaeulatad. 

Plant I.vas lanersed ln zoosporanglaJ 
suspens 1 on. 1 

Asplrator for zoosporanglal collec:tlon. 
<a> CollKttng tube. '< 

(b) Spore trap, .de of fll.ter paper. 
(c) Outlet for vacu ... PUlllP. ' 
\. " 

" 

.~ 

,0 
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Plate 11. 
.. 

. • 
J 

, - , , . 

. . 
" 

.. 
" 

0 

. . 

o 
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'. 

7. Zoosporangla releasing zoospores • 
Arrow - partlally released . 

~spor.nglum (x 2700). J 

8. Zoosporang l'a. 
Ca) t.pty zoos~ranglum. after-

havfng released'all .zoospo~es 
(x 2700). , . 

9 • Chlorosl~of Ambrosia artemlsllfolla Jeaves 
due to Infection by"Albugo tragoposl. 

~O,. Pustules fO.rmed by ~. tragopogt on 0 ·Allbrosla arteatlstlfolla leaves . .. . • 1 

• , J 
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Plate 

--1. 

.. 

. , 

Il t. 

; 

1 

Il. 

12,13. 

14. 

) 
i 

VarlabJllty l~ slze ~und ln Ambrosia 
artemlsflfolla plants. 

,,1 nfected and hep lthy Ambros 1 a artemls t - • 
1 fol la plants. . 
(a) Infected • 
. (b) Heal thy. 0 
Flower splke of Ambrosia .rtemisllfolia. 1 
(a) IlIIINIture male flower huas. 
(b) Mature male flower heads. sheddlng .~ pollen .. 

, 
A' , 

.' . 
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CHAPTER III 

SUHHARY AND CONCLUSIONS 

1) A. artemlsllf,otia 15 a variable, widespread weed that Is a problem 
, \. . 

both as a major source of aeroallergenle pollen and as a eompetltor 

with agricultural crops. Chemlca) control, especially ln urbf" area~, 

has proven diffic~lt. Research into altern,~e ~thods involving 

biocontrol are required. 

2) Albugo tragopogi (Pers)S.F.Gray, the white rust of Composltae, has 

t been reported ln many areas of the world under verlous synonyms. 

( ~ 

1 , , 

.. _:. 

Ho~ver, the ab~ve name Is both descriptive and has prlority accordlng 

to the rules of nomenclature over any synonyme 

3) A. ttagopogi is a membe~f the Oomycete~.. ,In Its eeotogieal 

requirements, It closely resembles other specles of Albugo. Zoosppre 

release occurs at tempera~ures ranging from SoC to 300e wlth the 

optimum between 10°C and 15°C. This will occur both ln the presence 

and the absence of Ifght. 

4) An inoculation technique was developed to maintain the pathogen ln the 

laboratory. ThIs consisted of Immersing leave~ of ~. artemis'ifolta 

in a suspension of ~oosporangta in distilled water for elght houts at 

15°C fn darkness. Immersion resulted in heavy disease symptoms 5 to 

10 days later. Further studies ate required to delineate the effects 

of 1 Jght, dark and temperature on the infection process and dlsease 

deve-I opnien t • 

5) Reaction of lnoculated A. artemlsitfolia plants varled. Some lnoculated 
" -

plants devel~ped systemic tnfection, others had locallzed symptoms whlch, 

did not reach beyond ar~as ~.11Y tnoculated, and some plants appar­

ently never developed disease symptoms. Ther. are,reslstance factors 

47 
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involved within the~. artemistifolia population which are probably 

genetically based stnce the dtsease in some plants was arrested 

and did not develop in others. Further studies are required to 

determine the nature of this resistance. 

6) Harked suppression of both vegetative (biamass weighÜ and reproductive 

'(flowers, pollen, seed) phases of plants shawing systemic Infection 

symptoms was observed. However, in plants devoid of disease symptoms 

and those with locallzed symptoms, no signiflcant CP ~ O.051impact 
, (.\ 

on the blomass or flowering phases was observed. It must be pointed 

out that no conclusive results could be reached with the restrictions 

on sample stze imposed by controlled environment experiments. However, 

the pathogen did not seem ta have a maJor 'impact on the plant population 

tested. Histologfcal studles should b~ carried out, especTally on 

plants shawn non-systemlc symptoms. These studies ~uld further clarlfy 

the nature of the host-parasite relationshlp. 

7) Host specificlty studies have clearly shown further specla11zatlon 

wlthin ~. tragopogi (Pers)S.F.Gray; the pathogen Isolated from 

~. artemislifolla shou1d be termed a forma speclalls and distinct from 

those occurring on Tragopogon pratensis L. and Helianthus ~ L. 

8) Daniel.!!!l. (1973) have set out three r.equl rements that must be met 

if an endemlc pathogen ls ta be effective as a biologlca1 control 

agent: (a) must be able to reproduce abundantly'ln culture and pro­

duce durable inocu1um; (b) must be genetically stable and specifie for 

the target ptant; (c) able to infect and kill thé weed under • 

relatively wide set of conditions. Albugo tragopogl does meet two ~t 

of the three requlrements onl~ - It can be, cultured ln the,laborato~, 
even though, belng an ob~lgate parasite, it wUI require more resources 

than a pathogen able to grow on réadily-av~llable artiflclal media; 

Albugo tragopogi lsolated from~. artemisiifolia is specifie to its 

target; however, il has strict envlronmental requlrements for infection 

and disease development. Fur,thennore, It does not seem very damaglng 

to most plants Tnotulated. 



\ 

9) A major diffteul~y tn uslng a biologIe.' control agent agalnst 

A. artemisllfolla 15 Its tremendous vartablllty. Aspectes that Is - ' 

present In_ma~y parts of the world. a~apted to many envlronment.l 

habitats, eros~ poillnated and hybrldizlng wlth other specles of the 

genus. has a potent'a.ly fo~tdable gene pool avatlable for the 

target plant to develop reslstance to the organlsm attemptlng to 
, 

~;:. control It. 
/ 

10) Although studles have not been eondueted under field conditIons. 

these preltminary studles demonstrate, that the whIte rust, ~. traP2-

!2Sl, ls not suffle'ently damaglng to (ts host and therefore 15 not 

promtslng as a blologlea1 eonlrol agent of ~. artemtsl1,fol ta L. 

.. ~', ~~, ~ ,\ J' 
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