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~ ' ABSTRACT

k)

M.Sc. ~ HARRY HARTMANN . , Plant .
» _ . Science

ALBUGO TRAGOPOGI! (PERS)S.F.GRAY ON AMBROSIA ARTEMISIIFOLIA L.
. . ’ ) ' ' ° ) 8
A survey for potential biological ‘control agents of Ambrosia
artemisiifolia L. has been carried out in the area of Ste.-Anne de Bellevue,
Qusbec. Albugo tragopogi (Pers)S.F.Gray appeared destructive in the fleld
and was selected for futher study.a Zoospore release at'tqmperatdres of 5°C
to 30°C in light and dark over 12 hours were tested: Optlmum‘relgase

occurred at 10°C “and t5°c. both in 1ight and dark.”

Effects of infection on plant growth (biomass) and raproductléh (flower
heads, polien, seeds) were studied. No slgnlflaant effects were found
except for plants showing s;stemlc infection symptoms. in these plants,
both vegetative and reproductive growth wls'suppresagd by the disease.

The host range of A. tragopogl was tested under controlled conditions.
Albugo tragopog! Isolated from Ambrosia artemisiifolia Infected Hellanthus
annys slightly but no other tested ‘host. Cross inoculation studies with

A. tragopogi Isolates from Tragopogon pratensis and Hel | amthus annus (from
South America) demonstrated that h of these Isolates have restricted and

exclusive host ranges. % ;
é;EEragogggl is not suitable for biocontrol of Ambrosia artemisiifolla
because of the low virulence of the pathogen and the tremendous vlgouf of ~

the target plant. , &
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ALBUGO TRAGOPOGI (PERS)S.F.GRAY SUR AMBROSIA ARTEMISIIFOLIA L.

Des recherchas‘menees dans les envﬁrons de la ville'de Ste'An&e de
Bellevue, P.Q., afin de découvrir des organismes susceptibles de servir
d'agents de contr8le biologique pour Ambrosia artemisiifolia L. ont permis

~dgtabl 1 un champlgnon, Albugo tragopogl (Pers)S.F.Gray, paratssatt

[

( effl Cet organisme fut donc chols! en vue d'une &tude plus approfond!e.

’

La |lb6ratlon des zoospores fut etudlée au cours d'une période de 12
heures, 3 des températures varlant de 5% a 30°c. & 1'obscurité alnst qu'd
1a lunfdre. 11 fut détermind que la libération des zoospores s'effectualt
de fn&ﬁn optimale 3 10% ou & 15°%, quel que solt le régime lumineux employé.

, Les effets de 1'infection sur la crolssance végétative (blomasse) et la
reproduction (fleurs, pollen, graines) furent &tudis. Aucun sffet signifi-
catif ne fut enréglistré, sauf chez les plantes montrant des sighes d'infection
généralisée. Chez ces dernidres, toute crolssance des parF{as végétatives et

reproductrices &talt supprimée.

La varieté et la spcificité des plantes-hBtes pour A. tragopogl | firent
‘1'objet d'une &tude réalisée.en milleu contr8lé. A. tragopogl, Isolé chez
A. fgggeglstlfolla. a causé une l&gdre Infection chez Hellanthus annus L: mals
fut totalement inefficace chez toutes les autred espdces &tudides. Des
Inoculations crolsdes effectudes avec A. tragopogl ¥solé chez Yragopogon
pratensis et H. annus (provenant d'Amérique du Sud) ont montr& que chacun des
Isolats attaquait spécl fiquement certaines espices. ‘~°

En conclusion, A{- tragopogl ne constitue pas un agent efflicace pour Ia
tutte biologique contre A. artemisiifolia & cause de sa falble pathog&ntclté
et de la trds grande vlgeur de la plante-hOte.
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LITERATURE REVIEW

/ Introduction

éa ) AmbroslGa artemlsilfolla L. Is a major source aof aeroallergenic pollen
as well as an agricultural weed. Its control has proven difficult with
herbicides, especially in t;rban areas because of its tremendous distribu-
< tion and reproductive capabilitles (cherson. 1968; Bassett and Cromptoﬂ
1975) .

. Han'-Is and Piper (1970) suggested tliat Ambrosia artemisiifolia L. was
. suitable for biological control. They listed 217 taxaof insects parasitizing
O ) Ambrosia from which selectlon could begln for a suitable biocontrol organism.
- Insects, howaver. are not the only organisms with potential use as biological

. contro! agents. Danlel 35--'-'-1-.' (_1973) have stlown that an endemic, host
~ specific pathogen (Colletotrichum gleosporioides) ,when cultured In the labora-
~  tory and applied as a mycoherbicide, controlled northern jointvetch

; (Aeschynomene virginica (L.) q.s.P.).
A survey of endemic pathogens of A. artemislifolia L. in the Ste. Anne
de Bellevue, Québec, area was undertaken for two successive seasons by this
author. Two obllgate parasltes, Albugo tragopogi (Pers)S.F.Gray and
Erysiphe cichoracearum Dc ex Mérat, were collected and ‘isolated from infected
A. artemls!lfol{a. A. tragopogi was selected for further study\.

/

Williams (1892) observed in 1891 an area of South Dakota in which
A. artemisiifolia was severely damaged by A. tragopogi and most plants did
not set seed. A. tragopogl, or ‘white rust, belongs to the Oomycetes.
There were sufficlent-Indications in the literature to show the existance of
various forma specialis within the species (Pflster. 1927; Biga, 1955;
0 Novotel'nova and Minasyan, 1970).
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The present. study was carried out to investigate the possibility of
usifg .this endemic pathogen (A, tragopogl) as biological control agent
of A. artemisiifolia., The biology -of the pathogen was studied to develop
a technique for maintaining the pathogen under_labog:atory conditions and
to define its ecological requirements. The host range of A. tragopogi.
was studied to determine .its specificlt9 and the damage to its host was
evaluated under contpolled environmental conditions.

a

!. Ambrosia artemlsllfolla L (Common Ragweed)

(a) Descriptlon (after Gleason & Cronquist, 1963; Bassett & Crompton, 1975)

Annual herb, 5-200 cm high with a tap root. Eﬂf‘. branching at least
above, variously halry or in part subglabrous. Leaves opposite below, .
alternate above, petiolate, once or twice pinnatified narrowly to broadly
ovate or elliptic in outline, 4-10 cm. Staminate heads 10-200 flowered,
In spikes terminating the stems and branchlets. Pistillate heads one-

flowered,'sesslle, borne below the staminate ones, in the axiles of the
uéper leaves; male and female flowers on different parts of th; same plant.
Achenes obovate, 2.5 mm broad by 3.5 mm long with a terminal beak up to 2
mn long surrounded by a ring of \splnes 1 mm long; fruiting Involucre woody.
Pappus lacking. Flowering in Canada from August to October.

¢

(b) Taxonomy ‘

Synonyms of A. artemisiifolla L. Include A. artemisiifolia elatior (L)
Ses, A. diversifolia (Piper) Ryd., A. elatior L., A. glandulosa Ryd., -
A. maritima L. and A. media Ryd. (Payne, 1962a}, It occurs In the Hel | antheae
subtribe of the Helenlae tribe of the Compositae family (Gleason and Cron-.
quist, 1963). The genus Ambrosia consists of Ul species (Fernald, 1950;
Payne, l96l;). The unusual and highly modified morphology of Ambrosia has
led to taxonomic confusion at all levels, from subspecies to tribe
(chkerson, 1968) .

\

§
Payne (1964) stated that, s!nce Ambrosia and Franserla are not

sufficiently different morphologically and cytologically, they should be
classified as ‘congeneric under Ambrosia. He also proposed subdividing the
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new taxon into four subgenera: Franseria, Xanthidium, Cercomeris, and

.» Ambrosia. Furthermore, he suggested placing Ambrosia in a separate tribe

of Compositae ~ Ambrosieae.

A. artemisiifolia js very variable morphologically (Gebben, 1965).
Payne (1962) has identifled four major forms: northeastern coarse lobed,
southeastern lance lobed, sc¢uthcentral dissected leaved and western
prominent veined. A. artemisiifolia is dominated by speciméns which are
intermediate between the above-listed forms (Payne, 1962a,b).

(c) Distribution
|

A. artemisiifolla is abundant in cereal crops and cultivated row
crops, common l? fields I'n initial stages of abandonmeént, and conspicuous
In roadside habibats and eroded soll surfaces (Dickerson, 1968; Fernald,
1950; Gebben, 1965; Lawalrée, 1947; Thompsml\, 1943, Simmons, 1928).

A. artemisiifolla is distributed throughout'Canada but Is rare in
British Columbia, Alberta and Saskatchewan (Moss, 1956). Soutﬁer\n)()ntario
and Québec, especially along the St. Lawrence and Ottawa rivers, have very
dense populations, while in the Atlantic provinces (Nova]ScotIa. Prince
Edward Island and Newfoundiand), the species is less common (Bgsse& and
Frankton, 1971). .

The genus Ambrosia is American, with half of the species found In
North America. Many species of Agxbrosla are found in and about the Sonora
desert which is considered to be the centre of origin (Dickerson, 1968) .
The plant can be found in most of the U.5.A. except Arizona, New Mexico,
Nevada, Utah and Colorado (Payne, 1962). A. artemisiifolia Is also known
to occur as an introduced species in Asla, Europe, South America and
possibly in Africa (Vasilev, 1958; Payne, 1962; Numata et al., 1964).

(d) Economic Importance

(1) Beneficial e N\
Allen and Pearson (1945) noted.the value of Ambrosia species as wild

avian food. Roadel and Thornton (1942) studied the oil contents of
A. artemisiifolia and reported that it had about the same oll content as

1




soybeans but’ with better drying properties. Utilization in paint or
varnish was suggested.

(11) Detrimental

Durham (1931) estimated that about 90 percent of the late summer
pollen was produced by A. artemisiifolia.and A, trifida. A. artemisiifolla
Is' the most important cause of hayfever in eastern North America (Bassstt ‘
and Frankton, 1971). Estimates of the percentage of the U.S. population
suffering allergy due to Ambrosia @H“en vary fram 4 percent (Solomon,
1967) to 10~20 percent (Payne, 1962). v

A. artemisiifolia is-also a common annual weed in many crops (Dickerson,
1968). Vengris (1953), sampling In the Connecticut River valley, found
A. artemisiifolia in 69 percent of the corn flelds, 50 percent of the potato

fields, Zhl'percﬂent of the onion fields and 18 percent of the tobacco f{elds. '

A. artemtsll"fo,’lla has been observed in flelds of parsley and carrots as
well (Dickerson and Rhan, 1963; Ferrant and Bayer, 1966). It is also listed
as one of the most widely spread taxa In corn and tomato flelds in Ontarlo
(Alex, 1964). Because of Its weediness In cultivated crops and aerc;allero-
genic properties of its pollen, A. artemisiifolla Is classified as a
secondary noxlous weed under the Seed Act in Canada (Agriculture Canada,

1967) .o

(e) Control

Al

A. artemisiifolia is susceptible to both cultural and chemical contral
methods. Cultivation In the field, mowing and hand pulling or hoeing In
the home garden will control Tt (Watson and Hartmann, 1978). Fol tar~app!ied
herblcides such as 2,4-D, MCPA, fenoprop and mecoprop are recommended for
A. artemisiifolla control (Ontario Herbicide Comltteel, 1978) . However, in
many situations, such as urban areas or national parks where chemical weed
control Is not usually considered fnd physical means of weed control would
1ternate methods of control, such as use

be too costly, there s a need for
of host specific biotic agents.

\ )
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“(f) P?rash:es

A. artemisiifolia has a large number of organisms associated with it
in North America. Harris and Piper (1970) listed 217 taxa.of Insects as
occurrt'ng on Ambros|a speclies, seven og which were listed as monophagéus Lo
on A. artemislifolla (Table 1). Goeden et-al. (1974), inCalifornia, '

- selected three arthropods parasitic on Ambrosia - Tarachidia candefacta
Hubner (Lepidoptera : Noctuldae); Coleophora sp. near'annulatllla Braun
(Lepldopte(a : Coleophoridae); and Eriophyes boycei Keifer (Acarina :

. Eriophyidae) to be tested in the U.S.S.R. as potentlal biological control

agents.

1

A number of parasitic fungl have been found on A..artemisiifolia C
(Table l, page 6)

trago

2. lbugo
(a) Description (Baker, 1955)

o

4

(“«‘ Parasitic and specific to Compositae. Mycellum intercellular,
bearing slmple‘g}obose haustoria. Hyphae 4-6 um in diameter, hyaline,
thin walled and much branched. Conldial sori subepidermal, later erumpent,
form!ng white pustiles on leaves. Conidiophores subclavate, hyaline, 20-48
5 - x 12- Zlo_wp average 30 x 19 um, Conidla joinkd by hyaline connecting 1inks
¢ Intd chalns; terminal conidia pallld yellow, 20-32 um in diameter, average ‘
- 24 um, watl & um equally thickened; other conidia hyaline to pallid yellow, ‘, .
thin walled except for annufar thickened band, 3-4 um thick, subcylindrical, ‘
17-30 x 14-28 um In diameter. Sexual organs include antheridia and cogonia |
borne on mycellal branches within host tissue. The oogonla are globose,
dark brown to black, 40-72 um in diameter; epispore 4-5 um thick, finely :
meticulated with areclae 3-4 um wide. Antheridia are small and club shaped.

(b) Taxonomy

Albugo s a cosmopolitan genus belonging to the order Peronosporales
of the Oomycetes (Baker, 1955). There are 30 known species and 7 ~
<o varletles . in the genus (Biga, 1955). All members are obligate parasites
(’\ of flowaring plants with many physiological forms identifiable only
accordlng to the respective hosts they attack.

Ry
.'\
.
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A TABLE 1. Partial List of Parasites Recorded on A:"artemisilfolla
Insecta D (
Homeoptera X .
Aphidiae ' ' _
Pseudococcus salenopsis Tinsley . /HCKM\Z!G,. 1967}
. Coleoptera
Curculionidae , ‘ i
) Simcoronyx perpusillus Casey "Anderson, 196§.
Lepidoptera
' Pterophoridae . ) .
.Adania ambrosiae Murt . Barnes at;d Lindsey, 1921,
Gelechiidae
¢ o . Trichotaphe chambersella Murt . Forbes, 1923.
j’ Trichotaphe washingtoriella Busch Forbes, 1923.
| C‘« Diptera
Tephritidae
/O Callachna gibba (Loew) Phillips, 1946.
- ~ Evaresta bella (Loaw) ) Foote, 1965.
Fungi, .
" Basidiomycetes \ j ¥
Puccinla xanthi} Schw. ﬂf Conners, 1967.
. Entyloma compos!tarum Farl - Conners, 1967
Entyloma poiysporum (Pk) Farl " Conners, 1967.
_ Ascomycetes s '
Erysiphe cichoracearum DC ex Mérat Conners, 1967.
R Oomycetes \ '
Albugo tragopogl (Pers) S. F. Gray- Conners, 1967.
Plasmopars halstedii (Farl) Berl § de Toni Conners, 1967. A
) Deuteromycetes ; ' : )
3 Septorla bacillugera Wint. Conners, 1967.
(3?} ' ‘
‘ v
! ‘ 5
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Considerable controversy exists in the |iterature regarding the Albu
complex. Early descriptions were provided by Tozzetti (1776). Persoon In
1801 Included-Albugo as a section of the QenuS Uredo, characterized by
white spores (Baker, 1955). Later, Gray (1821) recognized the affinities
of Albugo with the Phycomvietes and he redefined Albugo as a separate °
genus. At that time, three species were included in the genus: A. cruci-
ferarum, A. tragopogi and A. petroselini. None of these ta;a were mentioned
by Fries in his "Systema mycologicum'' (Baker, 1955). Lévelll& (1847) did
not accept Albugo and founded the genus Cystopus; the sexual stage was
described by de Bary (1863).

Ramsbottom (1916) adopted Cystopus on the

‘grounds that the original three species named by Persoon were not ind1uded

in Fries' "Systema mycologicum' and, therefore, Lévelllé's Cystopus should
stand. Wakefield (1927) also accepted Cystopus de Bary over Albugo in

‘accordance with the priority rules of botanical nomenclature statln§ that

the first name gfven to the ‘‘perfect" stage_(antherldlum and ocogonium In

Oomycetes
Article 20(f) of the revised International Botanical Nomenclature made at

the 7th International Botanical Congress, Stockholm:

is valid. This, however, has been changed according to

", . . fungus binomials set up by
S. F. Gray, Séhwnlnltz, Persoon
and others between January 1, 1821
and December 31, 1832 may be
legitimate I f not Included by
Fries."

}

(Stevenson and Rogers, 1950) \

In addition to the ruling by the international body, the fact that
Afbugg Is so descriptive and widely abcepted bf mycologists underlines
the need to conserve Albugo. Nevertheless, the contrévursy and confusion
Recently, Novotel'nova (1966) published & paper on the
blology of a pathogen clearly belonging to Albugo. She designated this

&
still continues.

organism Cystopus tragopogonis (Pers) Schroct. In view of the reasons

’




Figure 1.

-

Life cycle of Albugo tragopogl (Pers)S.F.Gray

1)

2A)
28)
2¢)
2p)

3)

5)

“5)

6)

Conidia and conidiophores (after Barnes,
Zoosporangium (x 400)

Zoosporangium with papillum (x 400) g
Zoosporangium with vesicle partly released (x 400)
Zoosporangium releasing zoospores

Zoospore germinates and penetrates host (x 1000)
Zp -~ zoospore; Gt - germ tube

HaustoFria In host tissue (after Fraymouth, 1956)
Ha - Haustorla

Oogonium and antheridium (after De-Bary, 1863) (x 250)
0o - oogonium; An ~ antheridium

Oospore (x 250) . =
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given above, this organism should be designated Albugo tragopogi (Pers)
S. F. Gray and this designation will be used throughout this thesis.

Perhaps no other single aspect of the scientific literature reveals,
more appropriately, the mass confusion that exists with regard to the
taxonomy of A. tragopogl, than the number of synonyms appTied to it. A’
bartla1 list is given below (Biga, 1955): '

9

1801. Uredo candida B. tragopogi Pers Syn. Fung, p. 223.
1809. Uredo obtusata Link, Mg Naturf Freunde Berlin, observ. 1, 4.
1810. Uredo cubica strauss, Wetteranisch Ges. f. Naturk, 2, 86.

1815. Uredo tragopogl OC, F1, France, 2, 248. .

1815. Uredo candida B. tragopogonum DC apud DC et lemark, F1, France, 6, 88.

1817. Caeoma tragopogonis Nees, Syst, p. 15. ‘

1817. Caeoma candidum Nees, Ibid. )

1818-1819, Uredo tragopogonis Oplz, Crypt, p. 150.

1821. Albugo tragopogonis S. F. Gray, Nat. Arr. Brit. P}. 1, 540.

1821-1823. Uredo candida b cnicl Schub apun Ficin; F} der beg um Dreseden
2, 237.

1824, Caeoma. tandidum b compositarum Schlecht, Fl, Berol 2, 2, W7,

1825. Caeoma centaureas Ehremberg fide link, Sp pl 6, p. 2.

1833.- Uredo albugo, Unger, Exanth, p. 192.° .

!

-1847. Cystopus cubicus L&v, Ann Sci Nat, Ser 3, 8, 371.
* 1862. Cystopus spinulosus de Bary,’Ann Sci Nat, Ser &4, 20, 133.

-

1866, Cystopus tragopogonis Schr. kryptfl 3, pl 234,

1889, Cystopus brasiliensis Speg, Bol Ac Nac Ci, 2, 481. "
1897. Cystopus tragopogonis spinulosus Davis, Trans Wiscon Acad, 2, 165.,\
1902. Cystopus mikaniae Sped Myc Agr Ser 2, p. 67.

(c) Life Cycle

(1) Asexual cycle (gfter Noébtel';éva and Minasyan, 1970; Kajornchalyakyl

and Brown, 1976)
Upon coming in contact with free moisture, a éﬁture zoosporangium of

A. tragopogi will produce a papillum. This papillum ruptures, allowing

_ the release of a thin vesicle contalning 7-11 zoospores (see Figure 1, 2

A-D). The zoospores separate andldlspcrse from the vesicle. These motile
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zoospores come to rest and encyst. |f the zbospore encysts In a substomatal
cavity on the leaf of a suitable host, it germinates, forming a germ tube
which penetrates through the stoma (Figure 1, 3). Within hours, highly
branched, intercellular hyphae are produced (Figure 1, 4). These hyphae
prodﬁce conidiophores which in turn form conldia in a basipetal manner
(?lguce 1, 1). The conidia are produced subepidermally, forming irregularly
shapsp small pustules, usually on the abaxial side of the leaf. When
sufficient number of conidia have been produced in a sorus, the pressure on
.the leaf epldermis will cause the pustules to burst open, releasing the
zoosporangia which are dispersad primarily by wind (Populer, 1966).

(l}) Sexual cycle (after Stevens, 1901; Fitzpatrick, 1930)

Sexual organs are formed in the intercellular spaces of the host
(Wilson, 1807).. They consist of oogonium and antheridium (Figure | 5,6)
(de Ba}y, 1863) . When ready to undergo gametogenesis, the contents of the
oogonium separate into two distinct zones: the outer periplasm and the
inner ooplasmt This process was termed ''zonation' by Stevens (1901). While
zonation is underway, both the antheridium and the oogonium nuclei undergo
mitotic-1ike division. Some of the resultant daughter nuclei in the oogonium
enter the ooplasm, resulting in a multinucleated oosphere. At this point, a
fertilization tube from the antheridiumpenetrates into the oosphere, and rup-
tures, refeas!ng numerous nuclei. A second mitosis takes place, and all but
two resultant daughter nuclei dis!ntegra:@ - one from the cogonium and
another originating from the antheridium. These two promptly fuse and the
fusion nuc}eus undergoes numerous divisions. The oogonium now has become
an oospore and, in this multinucleate stage,‘!t overwinters. It will
germinate by releasing zoospores to initiate infection once more (Verma
and/Petrie, 1975). Palm (1932) reported A. tragopogi cospores inside the
achenes of Tragopogon pratense. Oospores are also likely to be seed borne

in A. artemisiifolla. ' ,

(d) Speclallzation

A survey of the literature indicates that A. tragopogi (Pers)s F. Gray is
restricted in its host range to Compositae (Wakefield,” 1927, Baker, 1955;

[
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O Biga, 1955). Further speclalization within the species has been Indléated
" by the work of Pfister (1927). He listed flve isolates, each specific to
the genus from which it was isolated: on Tragopogon species, Centaurea
species, Cirsium species, Xerantherum specles and Chrysanthemum species.
Pfister has not erecteddiny new taxa though. Biga (1955) listed five

: forma specialis of i.(’m distinguished on basis of hosts and size
of conidia. Vo

. : These wereg\g\: A. tragopogi f. tragopogl Cif.-etBiga

1
2. A. tragopogi f. pyrethri Cif.wtBiga

3. A. tragopogi f. xeranthemi annui Sav. & Ryss.
4

. A. tragopogi f. inulae Cif. etBiga
5. A. tragopogi f. cirsili Cif.etBiga

Each of.the above strains has restricted host ranges with Compositae (see

Y

Table 2). Novotel'nova (1966) added Cystopus tragopogonis f. hellanthli,

a strain parasitizing Helianthus annus L. There is no agreement among

mycologists regarding the taxonomy of Albugo, especially at the subspecies
level (Waterhouse, 1973). However, it is Elear, from the work of various
researchers, that there is a great deal of specialization within A.
tragopogi (Pfister, 1927; Savalescu and Rayss, 1946; Biga, 1955). Therefore
the isolate from A. artemisiifolia is likely host specific and thus worthy

s of Investigation as a blological control agent of this noxious weed.

)
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TABLE 2. Host Specificity of Albugo tragopogi (Pers)S.F,Gray Types &t
Tribe Level p . ) -
) " ' 7 . n‘
N
Taxon \ / Type Xinknown
\ N
Hellantheae . X X . - R
o . & ' A
Anthemideae §x ¢ ’
Hidleae X ) X, X X
Eupatorieae X
Cichorieae X - X .. v
Y
Ambrosiae* . X }
Total number of "
genera attacked 19 2 2 1 2 Total = 3°

*Ambrosia and Franseria combined.

Albugo tra

| (Pers)S.F.Gray tra i
ugo ‘ggm_rf (Pers)S.F.Gray gzretﬁrg Cif. et Biga
Albugo _t_gggggg_r (Pers)S.F.Gray xeranthem! annul Sav. et Rayss.
Albu

Emr (Pers)S.F.Gray Tnulae CIf
ATbugo tragopogl (Pers)S.F.Gray cirsil CIf. et Blga

N

) ]

if. et Biga’
. at Blga, var.

“after . . . (8iga, 1955)
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CHAPTER 11

M [

EXPERIMENTS

. .

- '
1. Zoospore Rels'ag“éw BRI

(a) tntroduction

Zoospore rel‘ease Is the first stage in thF infection process, le:dlng

to disease. In order to understand the host-parasite relationships between
A. tragopogl and Ambrosla artemisiifolla, It is nechssary' to &etermlne the
“exact environmental conditions required for zoospore release. Once obtained,
this information can be used to develop an inoculation technique in the
laboratory. Prevfoqs studies on zoospore release by A. tragopogl zoosporangia
were carried out on \5_ tragopogl isolated from Hellanthus annus: (Novotel'nova
and Ninasyan, 1970; Kajornchaiyakul and Brown, 1976). The isolate from A.
artemisiifolia s llkely to be a different forma spacfalls, and may have
slightly different environmental requirements than those studied In Russia and
Australia. Tests were carried out to determine the optimum conditions

required by the zoosporangia foc.zoospore release (Plate 11, 7, 8B).
£ 4

(b) Materials and Methdds

Zoosporangla were collected by means of an .aspirat “(Plate 1 6) from
, i to u«vmﬁ“
5 to 7 day old pustules on plants maintained In -
chambers set at 22°C, 14-hour day and |9°C. 10-hour night. \

- The zoosporangla were added to dlstnley water to form a suspension and
adjusted to 150,000 zoosporangia per milliliter. One hundred and twenty

. miililiters of the suspension were transferred into each of 36 one hundred and

fifty milliliter beakers. Three beakers with suspension were placed in each
of the following condltions: 5°C, 10°, 15%, 20%, 25%, and 30%, i11umin-
ated with fluorescent tubes and incandescent bulbs, giving a total of 24,000
Ix, and the same temperatures (5, 10, 15, 20, 25 and 30°C) but without light.
All treatments were started at the same timk in different environmentally
controlled cabinets set at‘SO percent relative humidity. &

', 4

b3
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Aliquots of 3 ml were taken from each beaker at one-hour Intervals for .

12 hours; two drops of’0.0S percent lactophenol cottonblue were added to
' each sample to stain the zoosporangia and prevent further zoospore‘zilease.

Percent of zoosporangial release was observed by counting random
microscope fields in each sample until 300 zoosporangia had begn observed.
Zoosporanglia that only released some of their zoospores were not cou;ted.
Percefitage data were transformed to arcsine VSZ?EEEEEgE),analyzed—by
analysis of variance and means were compared by Duncan's Mulgiple Range

Test. X

(c) Results and Discussion

-Zoospore release occurred from 5°C to 30°C with the optimum occuIrlné
at 10 an& IS°C. At 5°C, zoospore release rate increased linearly, reaching
10 percent at the end of 12 hours (Figure 2). At 10%, zdbsporangia
released their zoospores at a high rate for the first 6 hours, levelling
off at 48 percent (Flgure'Bfi Zoospore release at’]5°h increased linearly,
reaching 65 percent after 12 hours (Figure 4). Rélease rate at 20°¢C was

+ similar to that at S°C with a linear increase, reaching 15 percent with no
signs of levelling off at 12 hours (Figure 5). At 25°C, germination was
low, 1-2 percent, and remained at that level throughout the experiment
(Figure 6). At 30°C, results were similar to those obtained at 25°C with

. germindtion rate steady at one percent (Figure 7).

. Reléase of zodspores at afl temperétureé occurred in both light and
. dark. At 5°C and 25°C.’signiﬂicantly (P ¢ 0.05) more roospores were
released in the dark, while, at 15°C, significantly more (P < 0.05) were
‘released in I}ght.n At IOOC, 20°C and 30°C, no significant differences were
f fouh&oln Ehevievgls of zoospores released (Figure 8).

The results .from this'study are'ﬂn general agreement with Erevtous
- studies on A. tragopogi Shd related species such as A. cruciferarum
s \R-\— M . — A ——
(= A. candida), A. bllti, A. occidentalis (Melhus, 1911; Napper, 1933;
Hougas é;_gl,. 1952, Raabe and Pound, 1952; Balasubramanian, 196};
Novot!'nova and Minasyan, 1970; Kajornchaiyaku! and Brown, 1976).

In all these cases, zoospore release occurred ovar"a"rélatlvely wide

range of temperatures (5-25°C) wlth}{he optimum between 10°C and 15°C and '

o

«
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and dark over 12 hours. . .

’

For light, y, = 0.76X"+ 0.54 ‘ i
and dark, y = 0.84X + 1.08 .

Figure 2. Zoosporangial release at 5°C, Yn light

; R \
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) Figure 3. Zoosporangial release at lo°c, in 1ight
) and dark over .12 hours. :
For.light, y = 9.91X - 7.22, with0 < X 5 6
r y = 0.27hX + 46,20, with 6 < X £ 12
and dark, y = 9.22X - 5.19, with 0 < X 5 6~
. y = 0.57% + h6.56, with 6 < X g 12"
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Zoosporanglal release at 15°% in Vight

and dark over 12 hours.

. |
For light, y = 11.82X - 5.277 with 6 < X 5 6

y = 0.46X + 65.17 with 6
y = 10.03X + 0.2k with 0
y = 1.66X + 52.05 with 6
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Zoosporanglial release at 20°¢ in 1ight
and dark over 12 hours.

For light, y= 1.17X - 0.18
and dark, y = 1.61X - 2.78
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Flgure 6. Zoosporangial release at zs°c in light
and dark over 12 hours.

For light, y = 0.006X + 0.88
and dark, y = -0.015X + 1.88

f

.0 =mw=]ight
Vi e dark \
-
N .
‘\\‘_ » ¥
! ~

»

Figure 7. Zoosporangial release at 30°j: in light
* and dark over 12 hours.

For light, y = 0.024X + 0.54

. and dark, y =.-0.009X + 0.64
O~ = ==light R
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Figure 8.

Zoosporangial release at varlous temperatures
in light and dark.

Figures with the same letters are not
significantly different at P < 0.05.
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(P\ ‘ a sharp decline in zoospore release at higher temperatures. Light does
not appear to have a profound effect on 200spore release even though
differences were found between some temperatures in the study (Figure 8).

2, Host Damage

(a) Introduction

A. tragopogi has been observed to cause considerable damage to host
plants. Williams (1892) reported heavily Infected A. artemisiifolia were
so damaged as to set no seed. Others have reported the pathogen parasitizing
and damaging a variety of plants, including sunflower (Helianthus annus L.)
and salsify (Tragopogon porrifolius L.) (Sackston, 1957; Bertossi, 1962;
" Novotel'nova, 1962; Middelton, 1971).

'ﬁ The existance of various forma specialis within Albugo tragopogl have
been indicated by several authors (Pfister, 1927; Biga, 1955; Novotel'nova
) and Minasyan, 1971). These strains may well vary in their degree of
(i‘z pathogenicity towards their respective hosts. Furthermore, Daniel EE.E!:
(1973) haye demonstrated that it is possible to manipulate bathogéns with
! relative ease so as to increase their Impact on a weed popu!ation. Thus
a host specific strain that has not caused any significdnt reduction In its

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

a possible biological control agent.

The potential of the Albugo tragopogl isolate from A. artemisiifolia
to damage its host was tested under controlled environmental conditions.

!

(b) Materials and Methods

collected from 5 to 7 day old sorii on A. artemisiifolia. The ragweed
(A. artemisiifolia) plants used as source of inoculum were maintained at

20°¢ in environmentally controlled chambers.

Zoosporangia were collected with an aspirator (Plate !, 6) and trans-
ferred into precooled (ISOC) distilled water to form a suspension. The
concentration was adjusted to 150,000 spores per ml with the aid of a Leavy

5D
. (; hemocytometer. One hundred and twenty millilieters of the suspension were

Fifty seedlings at the two-léaf stage were inoculated using zodsporang!a'

W
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placed into flat glass dishes (2 x 8 x 20 cm) (Plate I, 1) which were then
placed'in environmentally controlled chambers set at 15°C for 3 hours to

-allow for zoasporangial release. .

in order to prevent the roots of the seedlings from dessicating, they

were placed together with some moist soi! between two small (4 x 4 cm)
glass squares, fastened'tggether with tape (Plate I, 2, 3). The plants
were Inserted in an inverted position in a metal rack so that the leaves
protruded below it (Plate I, 4). The racks were placed over the dishes
contalning the inogulum (so that the leaves were well immersed in the
suspensidn) (see Plate 1, 5) and left in the environmentall& controlled
chamber for 8 hours in dark at ISOC. Following lnocqlation, the plants
were removed and planted in 10 cm diameter pots in a greenhouse soil mix

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

Control consisted of 50 A. artemisiifolia plants (at 2-leaf stage) that
were treated similarly to those above, but immersed in distilled water only.
All 100 pots were placed inside ah environmentally controlled chamber with
24,000 lux light provided by cool white fluorescent tubes. Photoperiod was
15 hours light and 9 hours dark fgr the initial 21 gays. Daylength was
subsequently reduced by 20 minutes every 7 days. When 13-hour daylength
and 11-hour dark was reached, the photoperiod was kept constant for the rest

of the experiment. Temperature was maintained at 21% 1 O.SOC, day, and 19°C
+ 0.5% during the night with relative humidity at 40 percent.

Plants were examined frequently and numbers of pustules per leaf were
récorded every 7 days. Upon the onset of anthesis, clear dializer tubes
(28 mm wide) ‘were placed over and sealed above and below the male spikes to
trap all pollen shed. Five control and five inoculated plants were selected
ranaom!y to provide sources of péllen for pollination; thérefore, their
spikes were not covered. One hundred and thirty days after Inoculation,‘the
experiment was concluded. Pollen from each plant was collected, suspended
in 200 ml of water and 3 samples from each plant were counted with a Leavy
hemocytometer. The number of male flowers and seed set per plant was also
recorded. Plants were harvested and oven dried at 409C for 24 hours for dry
welght determination. Weights of roots were tabulated seqaratély from the
rest of the plant. The data obtained for each parameter was suﬁjected to a

\

computerized t test (Bat et al., 1976).
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(¢) Results and Discussion .

Within 21 days of inoculation, 37 of the 50 plants inoculated (74 percent)
had shown some symptoms of disease, tpostly on the leaves actually inoculated.
The symptoms consisted of white pustules, | to 3 mm in size, mostly on the
lower side of the leaves and chlorosis on the upper part in the general area
(of the pustules (Plate 11, 9, 10). Within 5 weeks of inoculation, 19 of the
plants (61 percent) having initially 51 or more pustules per plant lost their
first two leaves and, with them, most disease symptoms (Figure 9). New leaves
growing on these plants had no pustules or chlorosis. At this stage, two
distinct categories of plants emerged: (i) plants with local ized symptoms - .
pust?eles, on the first 4 leaves, but none on new leaves; and (ii) systemically
irrfeated plants, characterized by numerous (50 or more) pustules emarging
simul taneousiy on each leaf. These systemically infected plants also fre-
quently had pustfnes along the petioles of the leaves. By the 56th day after
inoculation, only 7 plants showing systemic infection symptoms continued to ‘9
produce pustules.

Male flower head numbers per A. artemisiifolia were found to range from
0 to 2,000. When the mean number of male head on inoculated plants (n = 50)
were compared to those produced on con;rol plants (n = 50), no significant
differences (P < 0.05) were found' (Table 3). However, when considering
inoculated plants according to the severity of symptoms, plants systemically
infected (n = 7) produced significantly less (P < 0.01) male heads than con-
trol (n = 50) (Table 3a). Plants that have shown no further disease symptoms
after the 8th week post inoculation (n = 31) produced significantly (P <0.01)
more male heads than control with n = 12 (Table 3b). Plants that did -not
exhibit any disease symptoms produced comparable numbers (Table 3c¢) of male
heads to those of control plants (n = 50). '

A. artemisijfolia ha§ an indeterminate type infloresence; thus, some
male flower heads and flowers mature earlier than others (Jones, 1936). No
two spikes on A. artemisiifdlia plants mature simul taneously\ (Bassett et al.,
1961). The amount of pollen shed by individual plants depandes on the number

of mature flowers per splke and other factors such as relative hu;n!dlty.
8

temperature, photoperiod and genetics (Bianchi et al., 1959).

t
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(\ A. artemisiifolia plants vary in size from 5 to 200 cm with few to
rumerous leaves (Bassei and Crompton, 1975) (see Plate tit, 2).
Payne (1963) has distinguished no less than 16 distinct forms. The observed
dry w_elghts~of tops reflected this and ranged from 0.5 g to 20.2 g in the
present experiment. When the mean dry weight of the (noculated {n = 50)
plants and non-inoculated plants (n = 50) were compared, no significant |
difference (P < 0.05) was found (Table 3). However, when the mean heights
of plants showing systemic disease symptoms (n = 7) were compared to that
of the control ,planyts (n = 50), a significant reduction {P < 0.01) was
found (Table 3a). Mean top weights of plants on which disease symptoms
were not observed after the 8th week (n = 31) and those that have shown no
disease symptoms (n = 13) were not significantly different (P < 0. 05) from
those observed for control plantss (n = 50} (see Tables 3b, 3¢). Sl

Root weights for inoculated plants (n = 50) were not significantly

different (P < 0'.05) from those recordéd for control plants (Table 3).

= However, when weight of roots of plants showing systemic disease symptoms

( (n = 7) were tompared to those of the control plants (n = 50), a significant
reduction (P < 0.01) of root weight was observed for the former group (Table
3a). Mean root weight for plants on which disease symptoms were no longer
observed after 8 weeks post inoculation was not significantly different
(P < 0.05) than that of the control (Table 3b) ' Similarly, for plants that
showed no disease symptoms during the experiment, no significant (P < 0.05)
reduction was observed from that of control (Table 3c).

It should be noteé that even though results obtained for plants
exhibiting systemi:: disease symptoms when compared to those observed for
control plants were significantly different, these results should be viewed
with caution, due to the small sample size. It is evident that A. Eartemlst-
lifolia, a successful ‘'weed, is very adaptable and plastic in most aspects of
its biology. This variability within A. artemisiifollia mpulatio(ns necessi- -
tates a very ‘large sample size when testing effects of disease on the plants.
To obtain such a sample would be very difficult within controlled environ-
mental conditions. Perhaps the most reasonable solution would er to test the

O effect of the pathogen on its weed host i/ \arge fleld_%ests.
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These facts would suggest wide variations in quantities of pollen shed
by individual A. artemisiifolia plant§.' Indeed, quantities observed in this

experiment ranged from O to 294 million pollen grains per plaﬁt.

When inoculated plants (n = 45) were compared to control plants (n = 45),
no 'significant differences (P < 0.05) were found in the mean:number of pollen
shed (Table 3). However, when the quantity of pollen shed by plants -
showing systemic infection symptoms (n = 7) was compared to that shed by
control plants (n=45), a signiflicant reduction (P < 0.01) was observed in
the former group (Table 3). When comparing pollen duantitles shed by plants
that showed ho disease symptoms after the 8th week post inoculation (n = 25)

- to those of control pfl ts, no significant differences (P < 0.05) were found
(Table 3). Similarly/ there was no significant difference (P < 0.05) found
between mean number of pollen shed by plants that ,nevePdevelopéd disease
symptoms (n = 13) and that of the control plants (n = 45) (Table 3).

. Seed production by A. artemisiifolia is also highly variable. A single

(’1 plant mady produce between 3,000 "and 62,000 seeds; some plants, however, tend
to be predominately pistillate (Gebben, 1965; Dickerson and Sweet, 1971)'.
Total minbgrs of seed produced per plant depe_nd on environmental factors, .

such as temperature, photoperiod and length of growing season (Dickerson,
1968) . Seed production is also highly correlated with fresh weight of plants
(Bassett and Cromptom, 1975). Thus it is safe to assume that larger plants

will produce more seeds.

-

In this experiment, seed numbers observed ranged from 0 to 293 per
plant. When the mean number of seeds produced by lnoculaged plants (n = 50)
9 was compared to those produced by non-inoculated plants, no significant
diffdrences were found at P ¢ 0.05 (Table 5). However, when the mean number
of seeds produced by plants exhibiting systemic disease symptoms (n = 7) was
compared to that of the control plants, a highly significant reduction (P <
0.01) was found in the former (Table 3). Mean number of seeds produced by
plants.in which disease symptoms were no longer observed after the 8th week
post inoculation did not differ significantly (P < 0.05) from that of the
o control plants (n = 50) (see Table 3). The same was true of plants that,
O“ although inoculated, did not shiow disease symptoms (Table 3)7

s
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TABLE 3. Effects of A. _gg#a?% on flowering, pollen shed, seed productlon and blémass

’ weight of A. artemisiifolia L.

\ infected Control \ p ‘

. Total Symptomless Local  zed . Systemic - \ *
o Parameters:, (n=50) (n = 12) (n = 31%) (h=7) (n = 50") A
Pollen shed’ 30.6 + 50.4° 46.9 + 80.2> 30.6 + 32.0° 0.02: 0.06° 22,0+ 21.0%- » 1

Male flower heads 783.7 £ 517.1°  712.2% 551.1°  g50.5 + 423.3° 26.4 = 60.49  691.5 + 385.8° ‘

Seeds set 73.5¢ 60.2° 75.8: 55.2° 911t 56.4° 1.7 + 45’ 98.7: 71.8° .

. F

N Top weight (g) 0.5 5. 1212 43 . Tnz: 43" 2.4 2 2.2 1.6+ 3.9"

Root welght (g) 3.8: 2.0 48: 275 3.7t 15 19 : 1.2 4,21 1.8¢ '

] . -
" _ =
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w
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Notes for Tables 3
]n = 45 for pollen shed )
2numbers representing millions of pollen grains shed

3n & 25 for pollen shed -

Means with thé same letter in the same row are not significantly different

5

at P < 0.05 (computerized T test; Bar et al., 1976).
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. 3. Host Range

(a) Introduction
- s .
If an organism is to be useful as a biological control agent, it must

have a narrow host range. Various methods have been suggested for the
selection of plants to be used to determine host specificity, among them
crop testing, which involves exposing large numbers of crop plants to the
organism (wapshere, 1974), and the biologlcally relevant method (Harris
and Zwolfer, 1968) which involves the examination of the biology Jand
evolutionary relationships between t‘he control agents and host. A third '
approach, Incorporating features from both of the above two methods, was
used In the present study. This method, the centrifugal phylogenetic
approach (Wapshere, 1974), requires extensive testing of plants closely
related to the target weed as well as various crop .plants.

J

Reports from the literature indicate that various A. tragopogl isolates
have restricted and mutually exclusive host ranges (Biga, 1955). This was
tested by cross Inoculating Hellanthus annus L., Ambrosia artemts‘illfolla L.’

and Tragopogon pratensis L. with A. tragopogi isolates from each of the

above plants.

(b) Materjals and Methods

Sixty species in 47 genera were tested., Out of these, 36 species in
27 genera belong to Compositae. Four collections of A. artemisiifolia and
8 varieties of Hellanthus annus L. were tested. The remaining 24 species
were selected from 13 families having members with economic importance.

(i) Host specificlty . o

P’lants were grown from seed in a ;oll mixture of clay l?m, sand and
peat mss (3:3:1). Seedling at.the 2-leaf stage were inoculated with a
zoosporangial suspension In distilled water as outlined previously (Chapter
i, 2b). After inoculation, the seedlings ware transplanted Into 10 cm
diameter pots contalning greenhouse ‘solll mixture (clay loam, sand, peat moss,
3:3:1). Inftially, inoculated plants were. placed in the greenhouse in a ,
complete randomized design with control plants of A. artemisiifolia fnoculated in
a similar manner. Conditions were as follows: day temperaturs 20 :l."(;;. night

i
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" above (Chapter 11, 2b) °

34 .

‘ 0
temperature 18 % koc;~ndtural daylength was extended to 14 hours by means
of 20 flood lights (150 watts each) having 11,000 lux [ntensity. These
conditions proved to be less than optimum for disease development. After

20 days in the greenhouse, the plants were removed and re-inoculated together
with 44 healthy A. artemisiifolia plants as outlined abpve. These plants

were then placed In environmentally controlled chambers set at the following
condition: day temperature 2} ¢ O.SOC; night temperature 19 £ 0.5°C;

light intensity 24,000 lux; relative humidity 60 percent. Subsequent host
spegfﬁ&city tests were all conducted in environmengplly contro) led chambers.
Plants were examined frequently and the numbers of leaves and pustules were
tabulated every five days.

N

(ii) Cross inoculation

- Twenty sunflower pl;nts (variety Sundak) and 20 A. artemisiifolia plants

inoculated with an isolate of A. raggggg from H. annus obtained from
AQQentina, South America. n *

a

ty Tragopogon pratensis plants with 20 A. artemisiifolia plants were

!noaulated with A. tragopogi isolates from T. pratensis.

- Twenty Tragopogon pratensis plants and 20 A. artemis!ifolia plants were

fnoculated with A. tragopogi isolate from A. artemisiifolia. All plants

were inoculated at the 2-leaf stage using the same procedure as outlined.

g

(c) Results and Discussion

?

(1) Host specificity |
A. tragopogi isolated from A. artemié{ifclla has a very restricted
host ranbe. In all tests conducted, only A. artemisiifolia and Helianthus

annus developed symptoms (Table &4). z
s 1

A. artemisiifollia plants were clearly susceptible to the disease - 34.

out of bk inoculated developed symptoms (Table 4). Helianthus annus,
however, is an !ncoqpatlble host for the ragweed isolate of A. tragopogi.
Pustules in all varieties tested remained small (0.5-1/5 mm) as compared to
those on A. artemislifolia (1.0-3.0 mm). Although chlorosis appeared on

H. annus leaves in the general area of the pustules. the symptoms were
restricted to those leaves that were actually lnoculated and the dlSllsc
never became systemic. See Table 5.

.
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TABLE 4. Plants tested for susceptibllity to Albugo tragopogi (Pers)
S.F. Gray

PLANTS TESTED: , ) INFECTION LEVEL

i

Compositae

. Tubuliflorae
Helianthae
»Ambrosia artemisiifollia (Quebec)
Ambrosia artemisiifolia (Ontario)
Ambrosia artemisiitolia (U.S.A.)
Ambrosia artemisiifolia (U.S.5.R.)
Bidens frandosa L. ,
Carthamus tinctoris L.’

Galinsoga ciliata (Raf.) Blake
Hellanthus annus L. var. Sundak
Helianthus annus L. var. Peredovick
Hellanthus annus L. var. Krasnodarets
Hellanthus annus L. var. Voschod
L Helianthus annus L. var. Commander

* Hellanthus annus L. var. Saluit

. Hellanthus annus L. var. Corona .
Helianthus annus L. var. Latuin .
Lactuca sativa L. var. Buttercrunch

. Lactuca serriola Michex
STiphlum Integrifolium L.

TR 111

Anthemidae ® \

Artemisia vulgaris L. L -
' Chrysanthemum leucanthemum L.
, Chrysanthemum parthenium (L.) Bench \ -

Matricaria chamomila L. Ve

Yanacetum vulgare L. : -

Senecloneae

- . Senecio vulgare L. . -

Asterase

Aster brachyates Blake
Aster viuineus Lam.

Erf aron acrls L.
Erigeron E!!adelghlcus L.
Inuleas

Tnula helenium L.

Cynarsae
Arctium minus Schk.
Arctium toméntosum MIl1

Cardous ntholides L.

-
-

o

.1.\
-
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TABLE 4. (cohtinued)
PLANTS TESTED: INFECTION LEVEL .
Compositae (contintied) ?
Tubul i flbrae (?ontlnued))
Cynareae (continued :
Centaurea jacea L. : } -
Cirsium arvense (L.) Scop -
ClrsTum discolor (Muhl) Spreng. ‘ -
Cirsium vulgare (Savi) Ten. -
_yf nara scolymus L. ‘ -
Echinops spherocephalis L. -
Liguiflorae , ‘.
Cichorieae . 4,
Cichorium intybus L. - 4
Crepls tectorum L. -
Hieracium aurantiacum L. ‘ -
Leontondon autumnalls L. \ . -
, Sonchus asper (L.} ani ' . : -
Sonchus oleraceous L. -
' araxacum officinale Weber -
’ Tragopogon pratensis L. -
‘Caryophyllaceae
Dianthus caryophyllus L., cv. Enfant de Nice -
" Chenopodiaceae !
Beta vulgaris L., cv. Stokes Special -
!
Convolvulaceae \ )
tpomesa purpurae Lam., cv. Imperial Japanese mixed - T
Cruci ferae — ;
Brassica oleraces f. italica L., cv. Rapine (spring Raab) - - ¥
Brassica oleracea f. botrytis Mill, cv. Snow Crown -
| Brassica oleracea f. m!?tn L., cv. Long Island Improved -
‘Brassica oleracea f. capitata L., cv. Emerald Green -
Ragﬁinus satlvus L., cv: Scariet Globe special - - p
. Cucurbitaceae ,
A Cucumis melo L., cv. Sugar Salomon \ - '
AN »
\\\ Cucumls sativus L., cv. Victory -
= ' .
Faba ; °
tus corniculatus L., cv. Nirabel . - ‘ -
Graminese | | B

Triticum sestivum t_...cv. Glenlea | . X P |
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TABLE 4. (continued) - - ’
PLANTS TESTED: . ’ INFECTION LEVEL
/ r £
Mentha piperita L. . -
Liliaceae / .
Allium cepa L., cv. Southport Red Globe -
Malvaceae
,Abe Imoschus esculantus L., cv. Perkins Mammoth tong Pod -
Althea rosea Cav., cv. Summer Carnival ' -
Rosaceae . ‘
Fragerla virginiana L., cv. Baron Salemancher - ‘
Solanaceae \ T
Capsicum annum L., cv. Earliest Red Sweet - .
M&s‘icm esculantum var. Commune Mill, cv. Beafeater .
Petunia hybrida Vilm, cv. Red Devil ' -’
Solanum melongena var. esculantum Nees., cv. Imperial
Black Beauty ‘ .7
Umbelliferae ,'" .
Daugus carota L., cv. Babyfinger Nantes 2 -
\,
£
4t lé}b pus;ules or more per plant . ‘
++ 50-99 pustules per plant .
++ 11-49 pustules per plant .
+ 1-10 pustules per plant .
- no pustules or chlorosis , .
v . . . ‘
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'!‘ABLE 5. Average number of pustules per plant of the different sunflower \ h
varieties and A. artemisilfolia inoculated with A. tragopogi. AR A

Days After Inoculation

' Host 20 25 30 35 10

Sunflower

E Sundak 1.4 1.8 1.8 0.h

Peredovic 29.h ' 28.2 21.6 13.0 '
' Krasnodovitos” | 2.0 h.2 2.6 2.0
) Voschod 6.6 6.0 1.6 0.2

Commander 4.0 3.0 4.0 0

Saluft 0 2.2 5.0 2.6
Corona 0 0.4 0.4 0.4
o -~ Latuln 3.4 h.h h,2 3.4

800000900

™

A. artemisiifolia 15.0 25.59 48.52 102.71
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(i1) Cross inoculation
The Albugo tragopogi isolate on H. annus from Argentina failed to
produce any disease symptoms on A. artemisiifolia. However, on H. g_t_\!_\g_s_,
this isolate produced large pustules (2-4 mm diameter) and chlorotic areas
'whisch later became necrotic around the pustules. The dlsei\se was clearly
more damaging and extenslive than that produced by A. tragopog! isolate
from A. artemisiifolia on the same host variety. Inoculations of T. pra-
' tensis with iso‘late from A. artemisiifolia failed to produce any symptoms,
while, on T. pratensis, pustules appeared within 10 days of inoculation.
No symptoms were observed on A. artemisiifolia inoculated with A. trago
isolated from T. pratensis, but, on T. pratensis, characteristics pustules
appeared within 7 days (Table 6).
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TABLE 6. Results of cross Inoculations involving three plaﬁt hosts and
three respective isolates of Albugo tragopogi.

f
T Source of Hosts )
Inoculum Ragweed Tragopogon Sunf lower',
&lggueed H+ —— +
‘ Tragopogon . HH VR o
Sunfiower ———- * ,f%
: (Argentina) ) .
\ _ f
var ety Sundak . ’
++++ 100 pustules or more per‘ plant
. +++ 50-99 pustules per plant ’
. ++ 11-49 pustules per plant )
‘ ' + 1-10 pustules per plant
D ' ==== no pustules nor any other disease symptoms
- " - * not tested D
] (':’3" - ‘
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Inoculation apparatus.

(a) Glass plates to hold roots of
plants.

{b) Hetal rack used ln inoculation.

(c) Glass dish used for zoosporangial
suspensions.

A. artemisliifolia plants being prepared

For inoculation. Roots between glass
plates to avoid dessication.

Plants Inserted into metal rack, re;dy
to be inoculated.

Plant leaves immersed in zoosporangial
suspension. 1

Aspirator for zoosporangial col lection.
(a) Collecting tube.

(b) Spore trap, made of filter paper.
(c) \Outleg for vacuum pump.
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Zoosporangia releasing zoospores.
Arrow - partially released -
zoospordngium (x 2700).

Zoosporangla.

(a) Empty zoosporangium, after:
having released all zoospores
(x 2700) .
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Chlorosis of Ambrosia artemisiifolia leaves

due to infection by Albugo tragopogi.

" Pustules formed by A. tra i on
‘Ambrosia artemisiifolia jeaves. . .
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Infected and healthy Ambrosia artemisi--

Variability in size found in Ambrosia .
artemisiifolia plants.
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ifolia plants. ) .
{a) Infected.
{b) Healthy.

Flower spike of Ambrosia artemisiifolia.

(a) Immature male flower heads.

(b) Mature male flower heads, shedding
pollen.
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CHAPTER 111
SUMMARY AND CONCLUSIONS

A. artemisiifolia is a variable, wldespréad weed that Is a problem 'J
both as a major source of aercallergenic pollen and as a competjtor
with agricultural crops. Chemical control, especially in urbgn areas,
has proven difficult. Research into alternate methods involving

f 1

biocontrol are required.

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

been reported in many areas of the world under various synonyms.
However, the above name is both descriptive and has priority according

to the rules of nomenclature over any synonym.

A. tragopogi is a membe B the Oomycetes. In its ecological
requirements, it closely resembles other saecfés of Albugo. Zoospere
release occurs at temperaéures ranging from 5°C to 30°C with the
optimum between 10°C and 15°C. This wil) occur both in the presence

and the absence of light. v

An inoculation technique was developed to maintain the pathogen in the
laboratory. This consisted of immersing leaves of A. artemisiifolia
In a suspension of zoosporangia in distilled water for eight hours at
15°¢C ¥n darkness. Immersion resulted in heavy disease symptoms 5 to
10 days later. Further studies are required to delineate the effects
of light, dark and temperature on the infection process and'diseasé

‘ development.

Reaction of inoculated A. artemisiifolia plants varied. Some Inoculated

plants developed systemic infection, others had localized symptoms which

did not reach beyond areas tually inoculated, and some plants appar-
ently never developed disease symptoms. There are resistance factors

4
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involved within the A. artemisiifolia population which are probably

genetically based since the disease in some plants was arrested
and did not develop in others. Further studies are required to

determine the nature of this resistance.

Marked suppression of both vegetative (biomass weight) and reproductive

"(flowers, pollen, seed) phases of plants showing systemic infection

symptoms was observed. However, in plants devold of disease symptoms
and those with localized symptoms, no significant (P < 0.05) impact

on the biomass or flo&er?ng phases was observed. It must be pointed

out that no conclusive results could be reached with the restrictions

on sample size imposed by controlle; environment experiments. However,
the pathogen did not seem to have a major impact on the plant population
tested. Histological studies should bg carried out, especially on
plants shown non-systemic symptoms. These studies would further clarify
the nature of the host*parésite relationship.

Host specificity studies have clearly shown further specialization
within A. tragopogi (Pers)S.F.Gray; the pathogen isolated from
A. artemisiifolia should be termed a forma specialis and distinct from

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

Daniel et al. (1973) have set out three requirements that must be met
if an endemic pathogen is to be effective as a biological control
agent: (a) must be able to reproduce abundantly-in culture and pro-
duce durable inoculum; (b) must be genetically stable and specific for
the target plant; (c) able to infect and kill the weed under a
relatively wide set of condltfons. Albugo tragopogi does meet two out
of the three requirements only - it can be cultured in the laboratoKy,
even though, being an obligate parasite, it will require more resources
than a pathogen able to grow on réadily-available artificial media;
Albugo tragopogi isolated from A. artemisiifolia is specific to Its
target; however, it has strict envlronmeﬁtal requirements for infection
and disease development. Furthermore, It does not seem very damaging

to most plants inocuiated.
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9)' A major difficulty in using a biological control agent against
A. artemisiifolia is Its tremendous variability. A species that is
present !nﬁmaé;y parts of the world, a(!apted to many environmental
] habitats, cross pollinated and hybridizing with other species of the
genus, has a potentially formidable gene pool available for the
target plant to develop resistance to the organism attempting to

control It.

10) Al though/studles have not been conducted under field conditlons,
these preliminary studies demonstrate, that the white rust, A. trago-
pogi, is not sufficiently damaging to {ts host and therefore is not
p(omlsing as a biological control agent of A. artemistifolia L.

~
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. Anderson, E.G. (1964) Observations on the germination of conhon ragweed.
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