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ABSTRACT

Moré’than 30 genera of fungi were isolated frem fhe
phylféplane of two cuitivars of répeseed, i.e., Torch
(Brassica campestris L.) and Midas (B. napus L.).v Among the@
Alternarta alternata (Fr.) Keisgler, Cladosporium herbarum
(Peré.) ﬁink ex S.F. Gray,‘and Fusarium avenaceum.(Corda ex
‘Fr ) Sacc. were the’ dominant fungi,. followed by tﬁe
Vertzczlltum state of Nectria inventa Pethybridge

Among thé major phylloplane fungijtested in culture,

.

the conidial N. inuenta was the most destructive parasite of

1
[N

A. brassicae (Befk.) Sacc., :the causal fungus of blackspét of
rapeseed. Other fungi which wé?e antagonistic to A. brassicd;
: waxaChaeiomium olivaceum Cooke & Ellis, Rhizopug oryzae Went:
& Geerligs,.Tr@éhoderma harzianum Rifai, and.Trichothecium
rogeum Link. ‘ - ' .

| In the A. brassicae -‘N. inventa host-parasite'
interaction, tropic groﬁtﬁ of parasite hypﬁae towards .host
hyphae and conidia occurred in the vicinity of the host.
Parasitism took place subsequently either by means of contact
without penetratiop or by angtration of the host. Upog )
conéact, the parasite hypHae often formed appressof&um-iike
bodies,onAthe host cells, profﬁééd fibrous adhesive
maferial at the host—parasité interface, and induced ébnormal N
respbnses in'the host cell. A réaction zone that consisted.
largely of an elec r0n~transéarent matrix withvdisperséd

tubule-like electron-dense material developed between the

iv o . -
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s
host cell Qali and the invaéinated plasma memﬁr;ne. The
tubule—like elements‘subsequentl& aggfegated to fofm elec;rdn—
den$e de¢osits below the cell wall. The affected gell formed
a septal plug, accumulated membranes in some cases, and
’finally degeherated. Conidiajwere penetrétéd more often than

Y
. | \
hyphae. Penetration occurred commonly at the septa and

‘appeared to be ﬁrimarily chemical in nature. The qyroplasm

of the invaded cell became progressively iess dense and the

) o

‘cell eventually became empty.

'

Conidia of A. brassicae often formed microsclerotia
‘"or endocellular chlamydbsporés after cold temperature treat-

‘ment or during gradual desiccation in culture. Mature

picrosqlerotia were darkly pigmented; many—cel}ed, unevenly
sphproidal, and.abou;j60—l50 Hm in diamgter. Microgclerotia

and endocellular chlamydospores we%e;parasitized by

L. . . ) ‘.
N. inventa. '
+*  Pdrasitism of A. brassicae by N. inventa occurred

most vigorously when the temperature was in the range of

20-28°C.
Conidia of A. brassicae leaked various aminouacids,
, y ' .

e.g., glutamine, aspartic acid dnd glutamic acid, and sugars, -

glucose and fructose, after they were exposed to an alternate

dry-wet condition. These ;gaked nutrienﬁs stimulated grq%tﬁ

of N. inventdﬁ which then destroyed the‘ho$t co@i&ia.“ i ‘\

- op
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On intact rapeseed leaves, N. inventa did not
prevent the primary infgctiom of the leaves by A. brassicae.
Blackspot lesions developed within 48 hours after inqéulation,
but N. inventa required ;t least h‘days to initiate
parasitism. In contrast, N. invenfa suppressed the vegetative

growth and sporulation of A. brassicae on excised rapeseed

leaves.

vi
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GENERAL INTRODUCTION i &
Rapeseed }é now firmly established as Canada's
tnitd most valuable crop, following wheat and batley (Downey,
Klassen, and McAnsh, 1974). Significant progress has been
made in improning the.agronomic characteristics of this crop.
However, smany cultivars commonly grown in the prairie
provinces are still susceptible to a- variety ;fpathogens..n
Blackspot of rapeseed, caused by Alternatia
brassicae (Berk.) Sacc. is one of the/ major diseases that
causes substantial reduction in crop eld and in yield and
quality of 0il (Degenhardt, Skoropad, and Kondra, l974).
According to recent disease‘eurveys in Alberta, however,vthe
incidence of this diaease has been shown to fluctuate consid-
erably'betdeen different years. The reason for this
fluetuation could not be explained readily on'the basis of
weather changesl , _— » -
| it was speculated; therefore, that not only some
abiotio factors, such as weather conditions, but biotic
agents associated with rapeseed could also contribute to this
situation. The poé%ibility that phylloplane mycoflora could
be involved in some way in %uporessinglthe pathogen was the =
principal motive of this stug
This paper consists of 2 main sections‘ (I) Isolation
-of phylloplane fungi from rapeseed, and examlnation of anttbon

istic abilities of major. isolates to 4. brassicae, and

(I1) A detailed study of the host-parasite interaction, ive ..

J
¢ L]

p



mycoparasitiém. Nectria tnventa Pethybridge was found to be
strongly parasitic to A. brassicae and, therefore, the mode
of this interaction was investigated.. Factors’ihfluencing

N . . 5

their interaction and th. possibility of effecting biological

control of the pathogen by using N. invenfa were also

-~

examined.
‘GENERAL’LITERATURE REVIEW

Rapesegd Cultivars

The two species of ;apeseed commonly grown in
~Canada are Brassica ndpus Lf_(Argentine—type) and
B. campestris L. (Pblish—type). In general, the grgentine
types mature 2-3 weeks later than the Polish types. The
grqwth—stage key of rapeseed is given by Berkenkamp (1973);
Argeqtine rapeseed 5as a higﬁer yield'potentigl and is more
resistant to;mést of the.important diseases (Downey,‘KlaSSen,_
and McAﬁsh, 1974).. The distribution\bf these‘;wo types on
theréanadian prairies depends largely.on the length‘of the
groﬁing seasén]i In centrgl and northern Alberta the Polish

type cultivars. are grown predominantly.

Alterraria Blackspot of Rapeseed

Two Alternaria species, i.e:

’

A. brassicae and
A. raphani Groves and Skolko, cause blackspot of rapeseed
'(Taber and Vanterpool, 1963). In Alberta, however,

A. raphani seldom occurs on blackspot lesions (Personal

" commuuication with Dr. J.P. Tewari).

W

1]



isplitting-and seed shrinkage (Petrie, 1972 and 1975). These

4 : LS
]
The pathogens causing blackspot attack all
cultivars of B. campestris and B. napus grown in Canada’
kDowney,'KlaSsen aﬁd McAnsh, 1974). Tewari and Skoropad
(1976) reported, however; that cultivars of -B. napus, Iowa .
line and Midas, are more resistant to A. brassica than Torch
(B. campestris).. They concluded that.epicuticular wax, .
richer in yk/a 1;ne and Midas than in Torch, confers partiél
resistance to the pathogen through a more effective watér
repeilency.
The first visible sjmptom-og this disease is brown
or black dots .on léaves and/or on stéﬁs. These develop 1into
prominent spots or elongate lesions éf varibus”sizes, which
may be entirely brown or black or grayish-white (Pétrie, 1972).

Leaf spots are often surrounded by chlorotic areas. The

pathogens also infect pods, where they'cause premature .

effects result in a reduction in yigld 9f rapeseed crop . and
a lowering éf'yield and qualityﬂdf oil (Degenharat; Skprépad,
and Kondra, 1?74)-In Saskatchewan, for example, over 90% of
thg plants were spotted and yield losses of over 207 were
re;orced dufivg 1970 to 1972 (Petrie, 1973). Similarly in
Manigdba in 1972, blackspbt was found in 95% of th; fields
of Polish-type rapeseed énd‘in 78% of the fields sown to the
Argentine-type rapeseed (Plaéford and Bérnier,“1973).v |

A critical historical review on the taxonomy and

nomenclature of Alternaria §pecies inéludigg the blackspot

.pathogens was given By Wiltshire (1947) and Simmons (1952),



and a defailed taxonomic description;by Groves and Skolko

(1944), Neergaard (1945), Joly (1964), and Ellis (1971). A

comparative physiological study of A. I'rassicae and A. raphant

has been dgne by Taber, Vanterpool, and ‘Taber. (1968).

Nectria inventa

Nectria_invehta was first discovered by Pethybridge

in 1919 in England. He found many dark red perithecia on the
surface of some old seed potatoes. Ascospores were two~-celled

and{a stroma was present. Based on these characteristics, the

fungus was identified as Nectria and since the perithecia were

discovered more or less by accident, the specific name

l .
“inventa" was adopted. After further studies of this fungus

in purs culture, qsing single ascospores, he réported its
conidial state as Verticillium cinnﬁbariﬁum Reinke & Berth.
Pethybridge (1919) thefeforg récommendéd that this species
be ;imoved from the Class, Fungi Imperfecti and be placea\ﬁn
the Ciass, Ascomycetes. However, the aééospbfes have not .
been reproduced in cultufe, and his work has not been

verified (Booth, 19?9).

L]

There is no general agreement on the taxonomic

disposition of the conidial state of N. inventa. Hughes

(1951) -examined the conidial apparatus of .this fungus and
\ . . .
.suggested that conidial N. inventa 1s most probably the
\

fungus upon which Nees (1817) based his species V. teneruh
[y T,

;Nees ex Link, which is the type species of the genus

Verticillium. In addition to V. cinnabarinum and



V. tenerum, the conidial state of N. inventa has been referted
to as Acrostalagmas einnabarinus Corda and V. lateritium Berk.

Barron (1968) stated that the latter name 1is probably the best

taxonomic disposition for conidial ~N. inventa. In this thesis,

it was decided to follow the suggestion made by Pethybridge
{
(19193 and therefore the name of the perfect stage 1is used for

the fuangus throughout.

Py

The conidial state of N. inventa is a very common

saprophyte (Isaac, 1967) and occurs on a wide variety of sub-
. ~ L
strata. A dgtailed description of conidial N. inventa and a

1ist of substrata are reported in a paper by Hughes (1951).

Microbial Relationships

In natural environments, a‘numbet"of telationships
exist between individual microbial sbecies and between
individual cells.A The composition‘of microflora of any
habitat is governed by the biological eqnilibtium created by
the associations and interactions of all indiv1duals found in
the populatipn. However, since microbial associations are

\ .

usually highly complex and sensitive to slight changes in the
environment, the equilibrium cannot be stable in nature. It
is constantly being re—established in a modified form.

In the past a number of terms have beenlemployed to‘
designate relationships between organisms. he terminologm

however, issomewhatconfusing. In this thesis theterm"antagonism'

is used to include three types of activity: @ antibiosis



and lysis; (2) competition; and, (3) parasitism and
predation (Baker and Cook, 1974). Antibiosis 1is the
inhibition of one organism by a metabolic produet of
“another. Lysis 15 a generaliterm for the destruction,
disintegration} dissolution; or decomposition of biological
materials (Lamanna and Malette; 1965). Competition imﬁ@ies
a condition in which therv is a auppression of one organism
as the two speeies struggle for limiting quantities of
nutrients, oxygen, space; er otter common requirements.
Parasitism and predation jndicate the direct attack of one

organism upoh another The term parasite is used if the-

- .

brganism actually lives in or on the host, which therefore,
is both the energy sourxrce and a habitat In the case of

preﬂation,'the prey serves as an energy source but not as

habitat (0dum, 1963 and 1971).

~/
Phylloplane Funéi‘dnd Phytopathogenic Alternaria

‘The presence of fungi on.theisurface of plants has
‘been recoénized for more than a century, and it is now common
::owledge.that?leaf surfaces are coveted with 1argelnumbers
of d fferent kinds of micro- -organisms includlng spores,
hyphae, 223" cells and bacteria - (Dicklnson, 1973).

~abitat for micro—organlsms, the sugface of

plant 1 -7 Peen commonly called phyllosphere (Last,
1955; Pui OB I hgwever Kerling (1958) suggested the
term '"phyllc inc ead, a4 this terminology is being

used mno-e - T | lant p":hogenic?fungi must spend a



cfitical period of time on the phylloplane before they can

cause.fnfection._ Similarly, saprophytes and weak p%fég;?¥€1”“
which begiﬁ the decomposifion of the tissue, must wait until
‘thevhost's.resistance is lowered, or the onset of senescence

allows the initial penetrafion into the tissues (Pugh and

Buckley, 1971).

Potter (1910) suggested thgt non-pathogenic phyllo-
plane, organisms may be impoftant in determining the |
severity of plant diéeéses incited by fungi on leaves. Since
thén, Fhe antagonistic effects of non-pathogenic micro=-

-

organismsion plant pathogens have been reported by many

~r

ihvest;gators, and reviews oﬁ this subject are given by
Leben (1965), Sinha (1963), and Last and Warren (1972).

Some plant .pathogenic Alternaria gpp. have been
reported to be antagdnizeq b& certain saprophytic phylloplane
fungi. Heqyel (1969) found that some isolatés of Aureobasidium
pullulans (de Bary) Arn. were antagonistic to A. zinntiae Péfe
on PhaseoZus bean leaves. Fokkema and Lorbeer (1974) reported
that superfiéigi mycelial developfient of A. porr% (Ellis) Cif.
on onion leaves-was affected By SporobolomyCes roseus Kluijver
& V. Nief% GZadosporiﬁm herbarum (Pers.) Link ex S.F. Gray and
A.'puZ.uggZS. Pace ;nd Campbell (1974) isolated 38 fungal
speclies from mature cabbage 1eavés.aﬁd found that.ll of them,

including 4. pullulans and Epicoccum nigrum Link ex Fr., were

antagonistic to A. brassicicola (Schw.) Wilt., in culture.

/



Mycoparasztzsm

Fungi parasitlc on other fungi are termed
"mycoparasites" and the term, mycoparasitism,bindicates the
ltelationship of a fuagus parasite and a fungus host. Myco-
parasitism was first recognized by de Bary (1865) who
noticed Ptptocephalts freseniana de Bary and thannobolus
éesati de Bary to be parasitic on other fungi. The mode of
tarasitism by‘P. fresentana was later ctudied by Brefeld ’
(1872). These pioneer studies-were followed by numerous
teports describing mycoparasitismtof different host—parasite
combinations. Almost all\taxazbmic'groups of fungl are now
included in the 1ist of mycoparasites and in some cases both
host and paraglte'belong to theiaame genus and even to the.
same species ’ Furthatmore, selt;paraéitlsm (parasitism
'within the same clone of a fungus) has also been re;arted
.(Klebs, 1899; Leong, McKeen and Smlth, 1969; Nolan, 1975).
However, relatiﬁely few species of mycoparasites have been
étuaied intehsitely and positive demonstrations of a parasitic
relatianship arevlacking in most associations reported. In
fact, Barnett and Binder (1973) p01nted out that a great
majority of fungl observed growing on other fungi in nature
may be merely fungicolous‘fungl. Funglcolous fungi are |
defined as those yhich live on other fungi without parasitic
interactionsv(Gilmah and Tiffany, 19&2).» True mycoparasitesv
balonging to, the major groups of fungi were reviewed and thelir

moae,of.parasitism was discussed by Madelin (1968). .



The descriptive terminology of mycoparasites has
been fnchsistent; however, the most widely used terms are
"biotrophic" and "necrotrophic" (Ggumamh 1946). Biotrophic
parasites are defined as:those which a;e'able to -obtain
nutrients from the living host cell but cause little or no
damage to the host. Necrotrophic parasites are those which
kill the host cells and acquire nutrients from the dead
cells (Barnett, 1963 and 1964; Boosalis, 1964; Barnetf and-
ﬁinder, i§73). The former and latter groups are also called
balanced and destructive parasites, respectively. Qenerall&,
a high degree of host specificity exists within the biotrophic
gfoup and a parasite may be restricted‘to a single host spééies
or to a few closely felated species.l Unlike the biotrdphic
parasites, the necrotrophic p;rasiteS'have a,rglaﬁively broad
host range. A majority of éhesexfunéi are thyughttb égcreté
toxic substances‘or enzymes which bring about quick killing of
host cells. They .are capable of growihg on dead fungal
structures as well as on  common laboratory media.

| The biotrophi®® (balanced) mycoparasites are further
divided into three groups bésed on the mode of parasitism: |
(1)  the internal pafasitgs; (2) the contact parasites; and
, . < a
(3%’ the haustorial .parasites (Barnett and Biﬁder,ll97§). :The
7 o . -
first group is represented by the chytrids, including species
of Rozella C_orhu d OZpidiumm(‘Br:aun) Rabenh.,‘l which devel‘dp.

a zoosporangium or a resting spore within cells:-of other

fung¢ (Karling, 1942).
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The contact paraqites do not produce anésinternal
structures wittin the host cells. Gonatobotrys szmplex Corda
is a good example of this.group. This fungus was found to be
associated with Alternapia‘species in nature, and parasitized
Atternarta spévj Cladosporium SpP- and Paecilomyces sp. in
culture (Whaley and Barnett, 1963). The patasjte produced
specialized, short bulbous to finget—like, contact cells which

v

did not enetrate the host cells. Whaley and Barneit (1963)
speculatad that the contact cells_absotb nutrients by
increasin _the'permeability of the host cell membrane to the
nutrients required b& the parasite. Howevet, recently Hoch
(1977a) carried out an electron microscopic observation of
G. simplex - A. tenuis C.G. Nees host-parasite interface and
suggested.tﬁat the paraéite obtéins nutrients»ffom,the host
through cytoplas;lc continuity, via plasmodesmata. i

Mycelium:of G. simplcx transferred to "fresh culture
media,vféiled to grow in axenic tulture; however, water
ektracts from mycelium'of hosts atd many non-hosts were
effective in promoting axenic.growtg of G. simplex (Whaley
andearnett, 1963). The partiélly purified growth factor was
effective-ip very low condeﬁtrations and term "mycotrophein"
was proposed for tﬁe vitamin—likt substance. A similar growth
_factor was reported by Barnett and Lilly (1958) for
_CaanrLsporzum parasiticum Barnett which is also a biotrophic
contact mycopar331te.' |

P

e'/

A ‘
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.+ Piptocephalis species are éﬁ% most intensively
studiéd biotrdphic haustor;%l mycoparasites (Brefeld, 1872;
Dobbs and English, 1954; Berry and Barnett; 1957; Armentrout
&nd Wilson; i969; Manocha and Lee, 13;1;\ganbcha, 1975}

/

Jeffries and Young, 1976). Species of\?iptocephalis de Bary

‘paﬁasitize only Mucorales, except for P. xenophila Dobbs &

English, which can pam#Psitize several species of Ascomycetes
and Imperfects (Dobbs and English, 1954). Axenic culturing of
Piptocephal®s has not been successful (Barnett and Binder,

1973). Berry and Barnett (1957) studied ;ﬂé modéfaf para-

sitism by P. virginiana Lead. & Mercer and reported that
germ tubes of this parasite showed a stfong tropic response
toward a nearby host hypha. The hypha was penetrated by means

i

of a hyphal peg and a haustorium was then formed.inside the

host. Manocha and Lee (1971) conducted an electron microscopy

study of the host-parasite irterface between P. virginiana

and Choanephora cucyrbitarum (Berk. & Rav.) Thaxter, and

. o | .
suggested that penetration of the host cell by the parasite
involves mechanical forces. At the penetration site, the

host cell wall extended inward and formed a collar around the

-

haustorial neck. The mature haustorium was surrounded by an

. Lo . ’
electron-dense sheath which appeared to ‘be composed of cell

wall material. Manocha and Lee (1971) specula;ed~that

fdrmationuof a new cell wall restricts further branching and

growth of the haustorium and reduces thekaetabolic interchange

o

between host and parasite. The presence of an electron-dense

11



sheath around the haustoriﬁl wall was also found at the
Mycotypha”microspora Fenner - P. virginiana host-parasite
interface (Armentrout and Wilson, 1969). In ;Bis‘case,
however,'no collar was formed around the haustoriai neck.
‘Abnbrmal cell growth of host hyphae is, in some
cases, induced by bibtrophié haustorial mycoparasites.
England .(1969) showed that wheg a young hypha of )
C. cucurbitaru@ was s ~rely parasitized by P. virginiana,
it responded by a proliferation of lateral branching
resembling a witches' broon. Dispira simpiex Benjamin has
been reported t& cause:nfenlargement of the host cells that
contain haQstoria kBrunk and Barnett, 1966). Besides thesé
fungi,)SyncephaZi; SPP., Dimargaris sp., and Tieghemiomyces
sp., all bekonging to Mucorales, have been categorized as
biotrophic haustorial mycoparasites (Barnett and Binder,
\T973). |

The‘necrotro;hic (destructivé) mycoparasites have
received relatively little detailed study with the exception
of Trichoderma Spp- (Weindling 1932} Boosalis, 1956;
Hash;oka and Fukita, 1969; Dennis and Webster, -1971; Hashioka,
1973; Kom%g§u, 1976) and Gliocladium roseum (Link) Bain
(Shigo, 1958; Barnmett and Lilly, 1962; Ricard, Grosclaude and
Ale—agﬁa, 1974; Walker and Maude, 1975). Weindling ‘1932) was
first to recognize that T. Zigﬁorum (Tode) Harz is,pa;asitic

on other soil fungi. In culture, the parasite killed the

aerial hyphae of Rhizoctonia solani Kuhn by coiling around or

12



by breaking them at the septa. Suhmvrgod‘pyphne ol phe‘hosm
died and brdke up in regions in advance ot the invading‘
parasite.' This observation provided strong circumstantial
evidence of the production of diffusible and destructive
enzymes or toxins by the parasite. The taxonothic disposition
of Weindling's isolate, however, was later questioned by
Webster and Lomas (1964). They re-examined the isqlato and
concluded that it was not 7. lignorum but G. virens Miller,
Giddens & Foster. Komatsu (1976).rcportod that T. harziandm
Rifai and T. polysporum (Link ex Pers.) Rifai coiled exten-
sively around hyphae of Lentinus edodes (Berk.) Sing. and
déstroyed the host coiony in culture. When mycelia of
L. edodes were soaked in\Qulture filtrates of the Trichoderma
pp.-, the cytoplasm of the host hyphae became coagulated and
the contents exuded from the hyphal tips. Hashiok; and Fukita

. ]

(1969) carried out electron microscopy studies on the
parasitism of some ph}topéthogenic fungi by T. longibrachiatum
Rifai and 7. polysporum. The mycoparasites formed necither
appressorium nor hauétorium, but induced infection papillae in
the affected host cell wgl%.

Scytalidium—albgm Beyer & Kling. 1is anotheﬁ_example
of necrotrophic mycoparasites which produce highly diffusible
toxic substances. Klingstrgm and Johansson (1972)vdemonstra£ed
that“after incqbation with S. album, vood glocks coqtaiqed a

toxic factor which inhibited the growth of several decay

fungi, e.g. Fomes annosus (Fr.) Cke. and Polyporus versicolor
: 0

13,
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L. ex Fr. Some strains of 5. iignicolum Pesante, however,
killed the decay fungi without producing éignificant concen-
trations of toxic substances, indicating a different
antagonistic mecha;ism.

Barnett and Lilly (1962) compared the destruétive B
activities of (. poécum on five host fungi qnd revoéléd that
no fungus tested was -immune to attack at all stages of
development. Ceratocystis [imbriata E1l1l. & Halst. was the
most susceptible hbst. The parasite, growing near host hyphae,
was often stimulated to p;éducg lateray branches that were
attracted directly to the H&st cells (positive tropism), and

killihg of spores and vegetative cells occurred only foilowing

contact by the parasite. Barnett and Lilly (1962) thus

K,
A\

concluded that enzymes or toxic substances responsible'fyr the
‘death of the h;st cells are active only near the.phrasitg
hyphae and do noé diffuse into the ?edium for any observ;blé
distance. Sim&lar conclﬁsions~were reached by Warren (1948)
and by Butler (1957) who studied other necrotrophic parasites,
Papulospora sp. and K. solant, respectively. ‘Walker and

‘Maude (1§75), however, observed that &. roseum produced
diffusible substances which were inhibitory to the growth of ®
Botfytis alliZi Munn in'culfure, and inbﬁixtures‘of spores of
the 2 fungi those of B. aZZii'failed to ge?minate.

The perfect state of G. roseum is N. gliocladiotides

Smalley & Hansen (Barnétt and Lilly, 1962) and this is the only

_species of Nectria which has been studied intens@vely fdr its

14
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mycoparasitic ability. Nectria inventa had not been reported

as a mycoparasite prior to the present study. . .

\\\‘_‘\\‘;—iZ) Several species of Verticillium have been reported
as mycoparasites. Verticillium malthousei Ware and

V. psalliotae Treschow are parasites of the commercial mush-
room (Treschow, 1941; Forer, Wuest, and Wagner, ¥974).
Verticillium psalliotae also-parasitizes Rhopalomyces elegans
Corda (Dayal and Barron, 1970). Barron and'Fletcher (1970)
demonstrated that V. dahliae Kleb and V. albo-atrum R;inke &
Berth., two important soil-borne pathogens of highe ~»lants,
parasitized K. eliegans. . Both parasites readily penetrated
conidiophores of the host, but evidence was not presented to
show that Qegetative hyphae‘ﬂeré infected. Locci, Ferfénte,
and Rodrig:es'(1971)_de$cribed the ultrastructure of thé mode
of mycoparasitism of the coffee rust, éemileiafvastatrix Berk.
& Br. by V.AhemileiquBour.

A number of other fungi, includiﬁg several cOonn
wood~rotting Basidiomycetes (Griffith and Barnett, 1967), have -
also been described as necrotrophic mycoparasites. Howevér,
little 1s known about the host-parasite relationship of these
fungi.

RN,

More exaﬁples of both the necrotrophic and the bio-

trophic types as well as physiologiéﬁl aspects of’mycoparas~
itism have been given and discussed in several review?agticles
(Barnett, 1963 and 1964; Boosalis, 1964; Barnett and Binder,

1973). ) ' ' .
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Biological Control

Biological control has been defined as '"the

reduction of inoculum density or disease—producing activities
of- a pathogen or pa;asiterin its active or dor;apt state, by
one or more organisms, accomplished néturally or through
manipulation of the environment, host, or antagonist, or by
masé_int;oduction of one or more antagontst" (Baker and Cook,
.1974). There are numerous reports on biological control of
phytopathogenic fungi by'saprophytic o. less viruient fungal
isoiates‘ (e.g., Wood, 1951; Warren, 19725 Fokkema, 1973,
Grosclaude, kfkard, agﬂbDabos, 1973; Backmaﬁ anq Kabana, 1975;
Mowef, Snyder, and Hancock, 1975; Kelley, 1976 Huang, 1977).
A ﬁumber of examples of biological control, and probable
mechanisms, have beep reviewed by Garfe;t (1955), Baker (1968),
ﬁitchell (1973), Papavizés 11973), Wilhelm (1973), Baker and
Cook (1974), Fokkema (1976), and Skidmore (1976b).

GENERAL MATERIALS AND METHODS
' ©

Cultivars of rapeseed used in this study were Midas
(Braséica napus) and Torch (B. campestris). Seeds of these
varieties were supplied by the Experimental Farm of the

. | —
University of Alberta.

Alternaria brassicae used in this study was iso ated
by K.J. Degenhardt, Deparpmept.of Plant Science, University of
Alberta, from a blackspot stem 1esion on fape;ee& grown in

Edmonton, Alberta. Identification of tﬁis isolate was confirmed

-~
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by G.A. Petrie, Canada Department‘of&Agriculture Research
Station, Saskatoon, Saskatcgewan» ' .
Nectria inventa was isoléted from a leaf surface
of rapeseed during the present investigation and was
jdentified by the Commonwealth Mycological Instltute (IMI
189322) . '
. Both 4. brassicae and V. inventa were deposited
at thé'American Type Culture Collection. The anéession‘
pumbcrs.assignéd to the respective fungi are ATCC 34642
and ATCC 34641.
The c?ltures of A. brassica and N. inventa were
maintained‘on V-8 juice égar (V—S juice, 2007ml; CaCOs, .
3 g; agar, 201g per liter of distilled water)ncontaining

rose bengal (50 mg), and Difco potato~-dextrose agar (PDA),

s \

respectively, "at 25°C in the dark.

2



SECTION I
SOME PHYLLOPLANE FUNGI OF RAPESEED AND THEIR

INTERACTIONS WITH ALTERNARIA BRASSICAE
A. ISOLATION OF PHYLLOPLANE FUNGI OF RAPESEED

INTRODUCTION

In this investigation, isolation of phylloblane
1 . '
fungi of fapeseed was conducted as a first step in a study

to determine whether any of them could act as an antagonist

of Alternarta brassicae.

MATERIALS AND METHODS _. _ . N

A plot of 13 m square, located ;t th;uﬁxperimental
Farm of the Uniyersity of Alﬁerta and ?emoved from other
rapeseed crops-by aboﬁg ?O " wés used for this exéeriment.
.This plot was dividgd into 2 sub—plots.(éach 13‘m xr5 m)
;ith‘a 3 m wide open area between them. - Each plot was sown
with a different;cultivar, Midas or Torch, on June 4, 1974.
There .were approximately 25 rows per plot, 13 o long,'énd
about 20 cm apart.

-vLeéves wefe collected on June 25th and at 2-week
intervals thereaftef until September 3rd. xPlaﬁté for 1eéf'

-

-Sampiing were selected on the diagonél in each plot.
Positions of sampled leaves of each collection are given in

Table II.

18



ghree different methodé were used to isolate fungi
from the leaf surfaces: (1) Three disks (18 mmlih d?amefer)
per leaf were cut with a Eork gorer from the upper, middle,
and *‘lower parts of 30 leaves for each cultivéf. The cork
boferpwas sterilized before each cutting by dipping, in
alcohol and flaming. Each bateh of three disks from a leaf
was shaken for lb minétes in 18 ml of sterile distilled water
ih.a 200 ml flask. One ml of the waéh water orvl ml of fhé
wash water dilutied by 10 times wifh.sterile distilled water
wefe plated out on PDA containing streptomycin sulfate

(SO‘mg per liter); (2) The washed leaf disks from (1) were

further shaken in 2 changes of 18 ml of sterileldistilled

water for 10 minutes per washing. Afternvashing,_free water
on thg/disks was removed using §terile filter paper. Each
batch of 3 disks was_#heﬁ placed 6n 2% water agar doﬁtaining
streptomycin sulfaté (50 mg ber liter); éng (3) bThree disks
@er leaf.were cut from a,second_seg'of 30 ieaves foF e{ch
cultivar as in methoé (1) and were piaced,.without washing,
onvéterile filter paper whicé was placed in a sterile plastic
petri.diéh (8.5 cm in diaméter). The filtef paper was
moisﬁened with 2 ml of sterile distiiled water containing
"strgptomycin sulfate (50 mg per liter). Thg ﬁeﬁni dishes
were placed in polyethylene bagé‘tb“prevént desiccation.
After incugétion at room temperature for 10—14'dayslin the
case of methods (1) And (2) aha }or 14-20 days fox meﬁhqdv(é),

the fungi present were recorded and subcultures were mgde
. o
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~whefe required. These 3 methods were used fPrkthe leaves
céllecfed on the 21st of June (the girst ;ampling) and only
method (2) was employed thereafter.

Straws of gapeseed'remafning on ﬁhe soil of the
same plots wvere collected on May 15th, 1975. The straws were
cut inéo pieces, about 5 cm long, andlwere wasﬁéd thor-
oughly with tap water and later with'Sterile-distilled
watér. A%ter drying on sterile filter paber af room
tempe:ature, the straws were kept iﬁ sterile plastic petri
dishes lined with moistened filter paper. After 14-20 days

of incubation at room témperature;,fungi‘which developeé
oh the s$traws were fecorded.

For identification of fungi, keys and'descfiptiqns
given py theLfollowing were gsed: A%n3worth, Sparrow, and
Suséman, 1973a,b; Ames, 1961; Barnett, 1972; Barron, 1968;
Booth, 1959 and 1971; Dennis, 1968; Ellis, 1971; Hughes, -
1951; Petch, 1938; Rifai, 1969 Seth, 1970; De Vries, 1967.

| Myxomyéetes, true yeasts, Albugo candida (Hook.)

0. Kuntze and Peronospord parasitica (Pers. ex Fr.) Fr.
. : ' Y

-

were excluded from this study.
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RESULTS

Methods‘(l) and (3) were not suitable ‘or isolating
pure cultures of different kinds'of phylloplane ungi. Only
those fuﬁgi which sporulated abundantly were isolated by
methéd (1), and these ihcludgd'moétly Cladosporium herbarum,
AZternagia‘aZternata (Fr.)#Keigélef and Penicillium spp.
Pufe cultures were difficult to obtain by‘ﬁethod (3) becéuse
of contgmination. Moréoveerhaeﬁomfum Spp. (mainly
cC. oliJaceum Cooke & Ellis) and Nectria inveﬁta appeared to
be sﬁimuléted to grow rapidly invthe presené; of filter paper
and thus overgrew other fungi.} In contrast, pure cultures
of vérious phylloélane fungi were readily obgained by method
-(2) and, there. ore, this method was gmbi%yed ghfoughoﬁt this -

v

experiment.
Alliidegtified genera 1isolated by this_me;hod afe
listed in Table I. These fungi occurred in threé main groups:
(1) wTho;e wh;ch occurred rareiy th;bughéut the:growing season
of r%peseed; (2) Those which developed mbstly after the oﬁset
of.senescence of leaves (approximately 9th week‘for Torch and

<

"11th &éek for Midas); and (3) Those which were isolated

commonly throughout the growth stagés of rapesequ Fungi
belonging ﬁo the group (1) included A. raphanti, Aspergillus
spp., Aureobasidium sp., Botrytfs gp.{VCercosporéisp.,
.Doratomyces SPP-, Humicola sp., Mucor sp.,.Trichoderma

polysporum, and Verticillium sp. The fungi occurring mostly

- on senescént leaves (gfoup 2) were:  Arthrobotrys sp.,
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Cephalosporium sp.., Coprinus sp., Dendryphioﬁ SP. s Gilmaniella
humicola Barpon,’Scopélariopsis'sp., Stachybotris sp.,
Stigmina sp., and Torula hérbarum (Pers.) Link ex Gray.

_Arthrobotrys sp., Dendryphion sp.; and Stigmina sp. were,
found onl},on Toréh. . | . @

“ Seasonal vafiation in the‘occurrence of selected
fqui is listea‘in Table iI. These fungi bglo%géd to group
‘(3) with the exception of A. Paphaﬁi (group (lj) and -
Dréchsiera.sp., T. harztanum, Trichothecium rogeum‘Link and

N

Phoma sp.;‘which were intermediate between groups " and

(3). Amoﬂg_&hese fungi, 4. alferndta, CZadbsporiﬁz o
(mainly C. her&grum), énd Fusarium spp. (mainly F. a. ne um
. (Corda ex Fr.) Sacé.) were dominant‘at any growth stag: ;0 ooth
Midas .and Torcb: Weetria inventa also occurred in high \ o
frequency espe;iallylin August and September Qn,both cultiva. "
_This fungus together with A.“alternatq and C. herbarum-also
dominafed the flora on’the.dead straws of rapeseed.
The ééusal fﬁngi of blackspot of rapeseed,
A. brassicae and A.. raph&ni, occurred infrequently; The -
%§Dfofmer appeared on both Midas and Torch, but mostly in £he
'lﬁter stégeé of plant developmentQ The latter wéé isolated
‘at a &efy low frequ;ncy, and only from Torch. - - g
Besides the fﬁnéi»mentioned,abﬁve, there were
severél iSolates which wére unidentifiéa. Most of these

o

,fﬁngi did not‘sporulate on the culture media used.

\'i’
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DISCUSSION

The method used for isolating fungi from the phyllo-
plane throughout the present investigation has certain
advantages. By using leaf disks, one can always obtain.thé_

Samevleaf area (about 7.63 cm? per 3 disks) from each ‘leaf. e~

" Leaf %isks are easier to'handle afnd they can be washed more

thoroughly than ‘a whole leaf. Water agar, due to its low
nutrient content, results in relatively sparse colony

developmént around each leaf disk, and thus makes it easier
- : :

to obtain pure funé%l-cultures. It is also possible that

- P

this limited vegetative growth is accompanied by less

intense:microbial Eompe£ipion and hence a greater variéty of
n

fungi can develop. . However, different media favor different

fungi and, therefore, it is likely thavt there were some

pﬁyl}oplane.fuﬁgi wh&ch céuid not grow on water agar and'

thus were overlooked in thi;xs;hdy.v | _ :

Althoﬁgh the addition of surface-active agents such

as Tween,/80 is known to ‘improve the removal of 1eaf'surface

* propagules (Dickinson, lb66), it is not yet cqrtain'whether

_ they are nontoxic to any fuggus. Thefefore,baﬁy such agent

was not uséd in this“étudy.' As a result, it is possible that.
{some .of the fungi recqrded.in_Tables I ang Ii (especially
those of . \ gfoup (1)) are so—cailed “"casuals" (Leben, 1965)
thch were on the sampléd<1eavés by accideﬁt.

Eungi in gfoup (2) are considered to have an active
.role ‘in the’decomposition of rapeéeed»leaves but are iﬁactive

unti] leaves become senescent. These fungi, therefore, are
N~ :



~

dof likely tobbe significant participants in microbial inter-
actions on healthy leaves. |

| Species ofACZadospQPium'(mainly C. hérbaru%)&?nd
A. alternata, which were t%e most commonly isolated phyilo—
plane .fung: in this expgriment, have been shown 6 to be the
ommon phyllqplane fungi of wvarious plaﬁts aﬁd to be among the
»firs&«coloniiers-of leaves {(Webster, 1957; Meredith; 1962 ;

“Dickinson,. 1966; Norse, 1972; Mishra and Srivastava, 1974).

It may be assumed that these fungi are most likely to interacgt

o

with other phylloplane fungi,.including_the blackspot
pa;hogeds.

Cladospofium herbarum and A. alternata aléo o
dominated the ﬁ§cofiora &eveloped on thécrépeséed straws.
This indicatés their importance in éﬁe decomposition of rape-
seed material in nature. Vaartnou, Tewari, andeorricks

. ¥ ) ) .
(1974) also found C. herbarum to be one of the dominant fungi

~

on stems and roots of mature rapeseed.
‘\ . . . . = . < ?
Alternaria alternata was _reported to be parasitic
.0
7

on Polish-type fapeseed inquberta.{Vaartnou'and.Tewari,

'

1972). In spite of its abundance on rapeseed leaves, however,

characteristic symptoms described by these, authors were not

observed on the sampled leaves in this investigation. This

suggests that A. alternata on rapeseed includes pathogenic

-

“as well as saprophytic strains as-Vaartnou and Tewari (1972)

]

had suggested.




“

Fusarium spp. (mainly F. dvenacoum) and N. ‘nventa
are ranked next to C.‘hcrbarum ;nd A. alternata in the
frequency of occurrence. Fusarium avenaceum has virtually a
world-wide distribution wherever crops are grown. It 1is a
soil fungus and a prominent parasite of the Gramineae
(Booth, 1971).

"Among the fungi belonging to group (3),
7. harzianum (Komatsu, 1976) and T. roéeum (Barnett and Lilly,
1962) are well known as mycoparasites. The majority of the
fungi in group (3) were examined for their antagonistjé

o

abilities against 4. brassicae in Part B.
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B. INTERACTIONS OF MAJOR PHYLLOPLANE FUNGI WITH ALTERNAKIA
BRASSICAE IN CULTURE

INTRODUCTION
The purpoune f this study>was to examine antagon-
{istic abilities of the major phylloplane fungi of two

rape eed cultivars to Alternaria brasstcae.

%ATERIALS A&D METHODS‘

All Alternaria species'and 10 other fungi which
were common in the phylloplane of rapeseed were chosen for
this study. These fungi are listed in Table ITI.

Culeures o all the Alternaria specles were
maintained on V-8 juice agar witua rose bengal, and others on
PDA at 25°C in the dark. Two-week-old cultures .re used
throughout the experiment.

Antagonism of each test fungus to A. brassicae was
examined by making dual cultures, inoculated 5 cm apért on
PDA in 9 em ﬁetri dishes. Four replicates were made for
each of the 12 different combinations Dual iﬁoculated

»cﬁltures of A. brassicae served ‘as control These cultures

were incubated at 20°C in the dark z2nd the final assessments

of colony interactions were made after 2 weeks of incubation.

A key given by Skidmore and Dickinson (1976) was used for
these assessments. They developed a key based on the
observations of Porter (1924) who recognized 5 different

types, of colony interactions:

4
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“(A) Mutually iﬁtermingling growth, where bogh “uagd grew
into one another without any macroscopic signs of -
interéction.

(Bi) Ingermihoiing growth where the fungus being observed
is growing into the opposite fungus either above or
below or ;boye and belo? its colony and its
corollary.

(Bii) Intermingling_gréwth'where'thé fungus‘undef
observation has cegsed-gzaﬁifuand is‘éeing overgrown
by aﬁother colony. /

(C) Slight inhiBitionlwhere tﬁc fungi approached each’
other until almost in contact and:a narrow
demarcation line, about l—;‘mmz betwéen the two
colonies was clearly visible

t(D)V Mutual inhibition at a distance of more than 2 mm.

ﬂﬂThg iﬁLeracting fungi were aséigned ; es on a 0-5
scale for é;ch'type of fnteraction (Fig. 15.

Small squares of agar were cut from hy hal tip -

regions of A. brassicae colonles or-from areas of intermingling

growth.. These agar blocks were mounted in water or in totton.
blue-lactophenol on microséope s%ides, and the type of inter-

actions and cytblogical changes of Alternaria cells, if any,

were observed with a light microscope.

29



FIG. 1

Key used to assess colony interactions in culture:
after. A.M. Skidmore and C.H. Dickinson (1976)

Overgrowth of antagonist

A. Mutually intermingling growth ' B.

p. Mutual inhibition af a

C. Mutual slight inhibitien
distance
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RESﬁLTS 5 

The types of inteFactiong occurring between
4; brassicae and otker rapeseed phylloplane fungi arg
summarized in Table TII. A narrow demarcation line (about
1-2 mm wide)‘developed and only a few hyphae.of either fﬁngus
were p:esent.in the area'bgtween the colonies of A. brassicae
and each of the following fungi: A. aZterndta, A.Qéfassicaa
(control), A.éraphani, C. herbarum,\Fusarium avenaceum, and
Phoma Sp. These'interactions were classified as type C
(Fig. 1). ,Mutuai inhibition at a distance (type D) was

evident in the interactions between A. brassicae and two

other fungi, Drechslera sp. and Stemphylium sp. A clear zone

of 1.3-1.4 cm and 1.5-2.0 cm wide dévelopgd between the
coiopies of‘respecgive combinations. 1In the interacti;ns of
type“C and_D,~hyphae of A. brasgsicae did not eihibit any
visible cytologicai ab@ormalities.

Fu;gi yﬁich overgr;Q the colony of A. brassicaé
wvere Chaetomium olivaceum, Nectriajiqyenta, Rhizopus oryzaé
Went & Géerligs; Trichoderma harzianum, and Trichothecium
roseum. Among fhese fungi, only R. oryzae did not appear t6
méxert‘aﬁfvdetrimenfal effect—on A. brassicaebﬁyphae, although
the growty.gf the latger appeared to cease when the two

. | : .

colonies met. The other 4 fungi were parasitic to 4.

brassicae. Among them, C. olivaceum, N. inventa, and T.
N4 ‘ :

roseun ap}@ared,tolbe similar in the mode of parasitism. The

A . ,
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growth of A. brassicae ceased when hyphae of these fungi were
P :
in cloée proximity. Hyphae of these parasites often coiled

around Alternaria hyphae.. At the sites where contact was
-

madé, formation of swollen appressorium-like bodies was

frequent in N. inventa and T. roseum but rare in C. olivaceum.

—

Cells of A. brassticae, particularly those of conidia,.were

often penetrated by these parasites. Cytological abnormal-

ities in the host cells induced by these parasites wére

als§ siéilar. Host chls whiéh were in contact with the
parasite cells commonly showed a somewhap granular appearance
whgn»stained with cotton blue. The appressorium—like bodies

of N. inventa and I. roseum usually jeduced the formatiod of

a reaction zone (the region between the cell wall and the

iﬁ;égiﬁated plasma membrane devéloped in the hsst ‘cell. See
S;ctfdn I11.A for detail) in the host cells. vVgcuolétion of
the host cells éccasionally occurred in the later stages of
pérgsitism ;nd the ‘cells eventually appeared to be empty.
Déspite the sigilar;tieé in the mode¢ of parQSitism, however,.
N. inventa was'the ‘most destructive. Wherever Ngctria\gyphag
éamé into contaft, intact host cells were seldqm found.

' Triéhoderma harzianum attacked 4. braséicae.in a
different way. .Thelgfowth of A. bra33icﬁe appeared to cea§€

.at a considerable disthﬁcqhgroé‘Trichoderma hyphae. Extensive

ro : ,
vaguolation occurred»in;ﬁéglcells of host conidia, as well as

in the hyphae, without physical contact. Coiling of. he host
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hyphae by Trichoderma Wyphae was common. .The coiled host
hyphae appeared to be empty, but, whether the killing occurred
after physical éontact was made orvprior tb that event coqld
not be deterﬁined. Formation ef appressorium-like bodies and
penetrati;a were not observed.
DISCUSSION

Alternaria brassicaeAhadAmutually inhibitory
‘relations with Drechslera sp. and étemphylium sp. Although
it is not a major concetn of tpie study to dascuss th%
mechanisms of antagonism, one can speculate that in addition
to competition for such substhnces which are limited in PDA
and required by both fungi, some fungistatie metabolic

products were possibly .involved in these interactions The

fungistatic principle(s) could be either ﬁlghly diffusible
through PDA or volatile (Hutchlnson, 1971; Fries, 1973).
However, the absence of visible cytological abnormallties iw
Alternarza eells in dual cultures of these c6;;anationsv
suggests that'these fungiveoexist in the phylloplane of
rapeseed without'any obvious harm to each other.

(

" Trichoderma harzianum also inhibited the growth of

~

A. brassicae at a_considerable_distance;‘howéver;_pnlike

- Drechslera sp. and StemphyliumAsp., Trichoderma caused a
’drastic degeneration of AZtefnaria cells. Whether tﬁis'

interaction between T. harzianum and A bressiceais parasitism

is debatable. The term "parasitism" has been‘customarily used

to indicate an association whereby one organism feeds on
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another living organism. In this sense, in the stage where
Trtchoderma exerts a degeneragive effect on Alternaria cells
without physical éontact, this association should be categorized
as antibiosis.‘ If the degenerated cells are dead when
Tpichoderma comes 1in canact, the acquisition of nutrients by
Trichéderﬁa from these cells, if any, 1is merely»saprophytic.
However, if Tfichoderma cells can,cause leakaée of'endogénous
autrients from Alternaria cells while they are still alive, aﬁd
can absorb the nutrlents directly through the host cell wall
or th;ough agar, this interaction may be called para51t1sm
Despite iﬁs strong antagonistic ablllty, however, the fact that
7. harzianum rarely océurs on rapeseéd leaves, precludeg its
importance in suppresging A. brassicdé in the ph?lloplane.

~ - _ :

Nectrid inventa was isolated at a high frequency
andvshowed the étrongest parasitism to Aﬁ%braséicqef_ More;
over, its mode of parasitism appéaf;d to répresent that of
other fungi which were also para51t1c to . A brassicae.
Therefore, the A.vbraséLCae - N. anenta combination wés

chosen as a model system for detailed studies on mycopara-

sitism gnd}biofogical control.



SECTION II

© ALTERNARIA'BRﬂSSIbAE - NECTRIA INVENTA HOST-PARASITE

INTERACTION

A. MODE OF PARASITISM OF ALTERNARIA BRASSICAE BY NECTRIA
INVENTA ‘

INTRODUCTION .

Sdanning gf trénémission electron microscopy has
béen used only rarely to demonstrate mycopérégitic»inter—
actions (e.g., Armentrout and Wilson, 1969; Haéhioka and
Fukita, 1969; Manocha and Lee, 1971;}Hashioka,‘l973;
Jeffries and Yong, 1975; Cérling, Brown, and~Millikan,

1976; TIkediugwu, 1976a,b; Hoch, 1977a,b).. However, these

\
c

tethniqueé are essential to obtain an'overall pictu-
hoét—pafasife interact&ons. Therefore, thié Study
cénducted tb observe the intefacfion, especially the
host—parasite'interface,.be;ween AZternarga brassicae

and Nectria inventa with the .aid of electron. and light

microscopy. “
' Y

N
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MATERIALS AND METHODS

Conidia of A. brassicae and N. inventa wege
collected by adding sterile distilled water to a 10- to
l4~day-old. culture and scraping the cultﬁré surface with an
inoculation needlq.‘ The conidia were Qashed in a Bﬁghner"
funnel and suspended in sterile distilled water. The spore
density was adjusted to about 5 x 105.spores/m1 for
A. bfassicae and to 10% spores/ml. for W. inventa. Equal

volumes of each spore suspension were mixed, and 0.5 ml of

g R}

the mixture was spread evénly on'a cellophane membrane disk
(8-cm diameter) that was placed_on 2% water agar in a
flastic getgi_di;h. fhencultﬁre wés iﬁcﬁbated at 20°C in
the dark for 24-72 hours.

ﬂ F;r observ;tion with a }ighL microscope, aftyr -
inéubation, the cellophane meﬁbrane was cut iﬁto strips Jof
apéropriate sizés, and mounted %f wateg}or in cotton blue-
lactopﬁenolon a microscoﬁq slide. |

R For transmission ele;tron microécopy, the mycelia
grown oﬁ the Eéllophane membrane were gently brushed off with
a paint brush into 3% glutaraldehyde in 0.1M NaZHPo;~Naﬁ2Po;
buffer (pH 7.0). The 1iqgid containing the mycelia &as |
passed’through a Millipore filter (pore size 0.45 um). The
mycelia retained on the filﬁer‘were fi#ed ové:nigﬁtuin _
glﬁtaraldehyde; wa#he% with buffer, and poétfixed in ZZ'OsOg

in the same buffer for 3-5 hours. .The material was dehydrated

in an ethanol series, taken td@yropy%ene oxide, and embedded



in Araldite 502; " Gold and éilver sections were cut on a
Reichert Model Om-U2 ultratome with a glass or a diamond
knife. The thin sgctions were stained with aqueous 27
uranylacetate for 2 hours followed by aqueous 0.2% lead
citraie for 5 minutes. Electron micrographs were taken in
Philips EM—306 and BM-200 electron microscopes.

° Thin sections ‘(about 1 Um)“gf the\material embedded
in Araldite were also ma&e for light hiqroscbpié observarioﬁ.
These sections were sté§neé with a,élightly alkaline solution
of toluidine blue (1%) in bofaxkrr%}.(Meek,l970).

For séanning.ele;tron microscopy, a thip layexr of
watér.agaENBas made on ggcover'slip (lS—mm‘diameter) and a
drop of tﬁe mixed spore suspension was smeared over it. These
spores were incubated for 24-72 hours in'a plastic petri dish
liped'witﬁ moist filter paﬁér. Th? mycelia that develbped on
the agar layer were fixed by the'ééme prdcedures as for trans-
mi;sion.electron microscbpy; Tﬁe fixéd mycelia on‘agar were
dried by either freeze dryihg of'criﬁical;point drying. 1In
the former me;hoé, the fixéd mycelia on agar were frdzen
quickly in Freon 22, stqred bri;flyvih liquid nitrogen and
freeze—@ried in vacuum at ~ = 70°C (Néi,‘l974). rThe-cover
siips with freeze~dried material w;re stu;k to stubs with
conductive giué and coated with carbon and gold in.a'vacUum
evaporator. In the case of criticél—pbiht drying{ the f;xéd
materiai was dehydrated in ethanol-water series énd‘qaken

-

through absolute ethanol-amyl acetate series into amyl acetate.

38
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The material was critical-point dried inm a Denton vacuuf DCP
uﬂ&t using carbon diéxide (Andérson, 1951), and\shadowed
twice with gold. Micrographs were taken in a Cambridge

stereoscan S4 scanning electrgn microscope.

RESULTS

The colqny of'éoniqial N. %nveﬁtb was characteriied
by 1its brigﬂt orange—rgd color. Phialiaes were érodﬁced in
yhorls on the primary qqpiéiophore axis %r branches thereof
(Plate 1, A). Confdi; Qere oyoid, smoofh} aﬂa aggregated in .
masses at the tips of the bhialides_(Plate_l, B)..w
| The average diaﬁéterskof'hyﬁkgfvof N. inbgnta and
A. brassacae grown on water agar were 1 0 um: and 3.5 ym,
respectively. The hyphae and COnldla of A bﬁasszcae had a

. v '
thick superficial glectron—-dense layer that elther was absent

' s . . :
or inciggﬁgcuous in N. inventa. “The presence of lomasomes §n

4

Nectria hyphae and their absence, except in some parasitized
cells of A. brassicae, was-another characteristic that

fac111tated ijdentification of the two fung1 4in thin sections.

39

Para31tism was evident after incubation for 24 hours,'

and by 96 hours, the maJorlty of hyphae and conldla of
A. brassicae were heavily parasitized.’ Parasitism occurred
either by-méans~of contact of the respective hyphae without

penetration‘orrby'peﬁetratibn of A. brassicae by N. inventa.,

@
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Parasitism through contact
. v, ' .
Growth of N. inventa hyphaé¢ was more profuse in
the vicinity of A. brassicae hyphae, and was particularly

D .
intense around)conidia. . The growth patfern of N. inventa

[ e o

hyphae around and on the hyphae OE A. brassiéae is
illusérated by scanning electron\mic;ogfaﬁhs (Plate 1, C-E)
and light midrograpﬁs (Platé§£,‘A—D). Tropic growth of the
parasite hypHae toward the host:hyphaé occurred when‘the
former was in close nroximity (up to about 30 pum) to the
latter (Pl;%e 1, C and Plate 2, A-C). The parasite hyphae
either coiled arouﬁd~the Alte?naria hyphae (Plate 1, D and E)

fs) .
or, more frequently, grew parallel and produced short aerial

branches toward thé Host hyphae'(Plate~2,.A—C). The parasite
hyphae appeared to' come in .contact Qith the AZternarﬁa hyphae
either by being appressed Eo them or, more cémmonly, by means
of appressorium—like bodigé'that bécomé attached to thé host//”

hyphae. Short branches which arose from the parasite hyphae

usually became swollén upon contact with the host hyphaefénd

formed ti Jppressorium~likerbodies (plate 2, A and C).
. ‘Conidia and conidiophores of A. ‘brassicae were
parasitized in the same way as its vegetative hyphae. The

parasife hyphae grew ﬁoward the conidiym of A. brassicae

(Plate 3) and entwined the host conidium. These pérasite
hyphae appeared to favor aﬁtachment to the septal afea and
Eo the basal portion of the germ tube'(Platé 4 A)l Formation

of appressorium—like bodies was frequent. Scanhing‘electron

-~



U
micrographs revealed that a fibrous material was depoc 1
‘at the point of contact df{ the appfcssorium—like,?odios with
the host conidium (Plate 4, B) and. hypha (Plave 4, C). -
Eventually, the host conidia were entwined by a“ﬁrofusc
growth df para;ite hyphae tﬁat caused them to collapse
(Plgte15; A and B). )
’ v, Agﬁabnormal resbonsé of the host cell usually was
evident at the point of contact by the parasite hypha, and
;;s especially éviéeﬁt in‘the ceils‘béneath the swollen
appres;ori;m—like Bodfes of N. inventa. In these areas the
plasma membrane of the host cell had an invéginnted outling
,(Pléte 6). Thé reaction zone (the region bet&éen the cell
" wall ana the invaginateduplasma membrane) was largely
electron-transparent, and usually contained‘dispersed
'Aélectron«dqpse.material that often was organized into
tubule-like structures (Plate 6 and Plate 7, A-C). Early
stages of infection generally showed the electron-dense
material largely as tubules (Plate 7, B), while in;the later
'stages it-@ppeared as ir;egulaf‘deposits (Plate 7, D).

’ ﬁéaction zones were_aiéo found in light micro-
éraphs (Plate 2, A and B) and at a certain stage of infection,
plagmolysis of Fhe host cytoplasm occur;ed as shown by stain-
ing with cotton blue;lactophenol (Plate 2, A and Plate 5,_A).

Unusual acéﬁmulation of membranous material some-

tities occurred in the affected cell (Plate 7, A). A septal plug

often was formed between an invaded cell and an adjacent cell

an



(Plate 6 and Plate 7, A). In a few cases, lomasomes were
present below the reacgion zone (Plate 7, C).

In advanced stages of parasitism the plasma mem-
brane became disorgénized and eventually disappeared
(Plate 6). The cellular organelles were disrupted and only
remnants of some mé%branoug elements and scattered ribosomes
femained (qute 7, D).

Néctria'énvehta hyphae apparently were not able to

induce .these abnormal responses in host cells at a distance.
P

Parasitism by means of penetration

Penetration of 'Alternaria hyphae by ﬁectria hyﬁhae
was rare, but penetration of conidia was coghon. Contact
.parasitism was usualiy“effectgd By\the formétion of an
appressoriumjliké~body; how. 5 pepéﬁration cqmmonly
occurred Qithout forming it. Penetyation of septa:in the
hyphaeAOfwA.vbrassicae resuiteé iy a sepa;ation of Eells

_ \ .

kPlate 1, C). Penetration of a mature conidium also occurred
commoqu-aﬁ sepéél afeas.(Plat¢:8, A and B and Platé‘9{ B

v

and C), although: sometimes it occurred at random locations

0y
LSS

on other parts of the spore surface.“

~Tﬁe:sepfﬁm’of a° conidium,, assrevealeq By‘tfhns-
ﬁéééionfele;tron microscopy, appeared to be composed of ¥ . \y
layers (Plate 8, B and CL. Tﬁe ceil @dll of a conidiumwcon-
sisged of at least 4_1ayers (Cl—CQ‘in‘Plate 8, C). The
i i N

middle electron—lhcid layér of the septum was derived from the

‘ .. : ‘ q .
Czelayer and- was flanked on-either side by an electron-dense

42
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layer which was continuous with the C; layer. These,electron—

dense layers were thickened at the rim of the’septum and formed
a triangular junction of the cross wall and lateral wall.

The outermost layers of the septum were electron-lucid and

\

were continuous with a Cy4 layer. These layers became almost
electron-transparent in the area adjacent to the plasma

membrane.

) During the initial stages of penet.ation, the

\
)

“outer two'layers of the conidial wall ddssolved at the point
of contact with the hyphal tip of N. inventa without ghowing
~any evidente gf deformation of the fibrlllar structurL of
the cell wall (Plate 9, A). Whenta conidium was penetrated
at a septum, the parasite hyphae further degraded the tri-
,angular junctlon and in most cases it proceeded to gr

interceilularly by separating the septal\‘jﬁl through

'electron lucid middle layer- (Plate 9 B). A reaction

nsually developed at a penetratlon site (Plate 8, B and
Plate ‘9, B); “however, sometlmes host cells appeared to have
been penetrated without developing it.

At the penetration site, a large hole often dev 1-

oped 1in %he host cell wall (Plate 8, B and Plate 11,,B) and

'the presence of a meshwork of material in the hole ‘was demon-
strated with the aid of scanning electronimlg;osc (Plate 11,
S o

‘1 electron-transparent zone surrounded-tne internal
parc it YE (Plate_9, d). The internal hypha penetrated

211 by the production of a swollen structure and



A -constriction at the site of passage through the host cell
wall (Piate 10, A and B). The cytoplasm ofinQaded host cells
baCnmg progressively }ess dense. Later, only some lipid
bodieé; disorganizéd'membranes, and scattered ribosomcs
remainqd. The hqst cells eventually appeared to befg@pty
and the walls collapseq (Plate 10, A“and B an& Plate'll, A).
Juvenile conidia of A. brassicae were produced on
conidiophores arising eitﬁer-from hyphae or directly from
mature conidia. sually they were inVaded‘through the bdsal
pore by N.inven;ﬁ.hyphae that reached this 'spot by growing@
insiée the host conidiophore (Plate.1ll, C). The bhsai bbré
was demonstrated by.scadning’éleétron microscopy in the .
detached juvenile conidium (Plate il, E). Insidg th;
juvenile conidium, the pafasite hyphaé usually invaded other.
Z

vcells‘through septal pores. (Plate 11, C) which‘appeared to be
z e

 fully open (Plate 11, D).
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Plate 1

Scanning clectron micrographs of fhe Verticilliwn state of Nectria

inventag;and its growth pattern around and on the hyphae of Alternaria

brassicac: |

A) Phialides produced 1in whorls on conidiophores. X 850;

B) Masses of conidia oﬁ phialides. X 1500;

‘C) Parasite hyphae.(P)‘atrﬂcking a hgst hypha (H). The.parasite
hyphae are penetrating the septa (arrows). X 2000;

D) and E) Parasitc hyphae c01ling around _ ‘host hyphae X 12000.

_'Legend: H = host; HB = hyphal- branch of the hosL, P = ﬁarasite. A

Y ’* ’l‘ ' | ' ‘ )
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| Plate 2
,Light micrographs of hyphae 6} Nectria inventa parasitizing hypﬁ;e of
Alternaria brassicae: /
A) Parasite ypﬁée growing parallel to a host hypha. Noée the
:Xswolle appggssorium—like bodies of the péfasite and cells of the
; host showing plasmo;ﬂ;is (phasé—confrast); X 4300;
B) Parasite hypha cauging reaction zones (arrows) iﬁ a host hyphal
“Host cell which has not been contacted by the p?rasite hypha
appears to be heéalthy. X 1000;
C). Tropic growth of parasite hyphae toward hgst hyphae, X 400; -
D) Late stage of parasitism. Host cells contacted by parasite hyphae
appear to be e;pty.k\x 2100. . |

Legend: A = appréssorium—l%ke body; H = host; P = parasite.
, : R o

L)
v !/"
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. Plate 3”
Tropic growth of short branches from a hypha of Nectria inventa

’

taward a conidium of Alternaria brassicae. X 4500.

Legend: H = host; P = parasite.
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Plate 4

Scanning electron micrographs of parasite hyphae growing on Alternaria

brusstcae and appressorium-like bodies of the pa&asite

)

B)

o

Parasite hyphae occurring predominantly in the septal area (arrows)

and the basal pqortions of the germ tubes of a host conidium. X 1800;

Appressorium-like bodies formed on the host conidium. ‘Note presence
of adhesive materiél under these bodies. X llOOO;

‘ ‘ g
Appressorium-like body with fibrous adhesive material formed on a

host hypha. X 25000.

ﬁegend: A = appressorium-like body; G = germ tube; H = host.
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Plate 5 A | .

Phase-contrast light mi;rographs of conidia of Alternaria brasstcae

parasiLizéd by Nectria tnventa:

A) Healthy-appearing conidium and infected mature andAjuveniAJ conidia.
Note a hﬁst ceil showing plasﬁolysis and\non-iﬁfected celis (arrows)
in the heavily infecéed conidium. X 1200;

B) Profuse growth of parasite hyphae around a host conidium. XVIZOO.

Legend: C = host conidiophore; JX = juvenile host conidium; MC = mature

host conidium; P = parasite.

.
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pPlate 6

Transmission electron micrograph of cells of Alternaria brassicae para-"

sitized by Ncctria tnventa through conLac; _Development of reaction zone
N

occurs in host hyphal cells in response to contact by the parasite. Note

invaginatién of host.plasma membranc, electrop~dcnsg tubule-1like

structures and deposits below the host cell wall, presence of septal plug,

and lack of recognizable hoét plasma membrane (afrbw) in the middle of

the upper host cell. X 31500.

Legend: §D = clectron-dense deposit; HCW = host ccll wall; HP = host

plasma membrane; M = mitochondrion; P = parasite; RZ = zeaction zone;

SP = septal plug; TS = tubule-like structures; W.= Woronin body

’
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Plate 7

Transmission electron micrographs of different stages of contact para-

) f . . .
sitism of Alternaria brassicaec by Nectria inventa:

A) Unusual accumulation of membranes (arrow) 1in an infected host hyphal

<

cell. X 38000; v .
B) Initial development of a reaction zone in host c.n .ial cells. An-

extensive development of tubule-like structures is evident in the

reaction zone. X 22000; 2

»

C) Ilowasomes in the area adjacent to the reaction zone.in a host

Sy
. “

cqnidiai’tcll (arrow). X 43000; .

: el
D) ~Advanced stage of parasitism.  Note lack of electron-dense deposit in

B : ' A . ' ‘

one reaction zone (arrow) and disintegrated cytoplasm of the host

o

“hyphal cell. X 22000.

Legend: ED =~electron-dens+ der s{t; HCW = host cell wall; HP = host

1t

plasma membrane; L = lomasame; M = mitochondrion; N nucleus; NOg3

nucleolus; RM = remnants of membranous material; RZ reaction zonej;.

SP = septal plug; 7° - tubule-like structures.
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Y
Plata 8

Ultrhstructuré of a septum of Alternafia cdaldium and penetration by

Nectria inventa at the septum:

A) and B) Light and transmission electron micrographs of thin sections
showing penetration of conidia of'A.ybrassicaerPy.N. inventa at a

9

sgptum.' Note dissolution of the host cell wall and development of

1

reaction zones in the host cells in B). A), X 2360. B), X 19000;

C) Ul;ras;rucfure of septal part of. a nogma; conidium of A4. brassic;e.'
Cell wallnis;composed of at least 4 layers (C, - Cy), and 3 of them,
(CZ;f,Cg) appear to form the septal wall. X 90000.

.‘Legend: ML ='électron—lucid middlé layer of the septum; P = parasite;

RZ.= reaction zone; S = septum; T = triangular jugction of the: septal

wall and lateralwwall.

»
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Plate 9

:
¢ N - k

[ J

Transmission electron micrographs showing different stages of penetration

of Alternaria conidium by.Nectria inventa:

A)

B) .

c)

Legend: HCW = host cell wall; L = lomasome5'LB = 1ipid body; P =

Initial stage. Dissolution of thé outer cell wall material and

lack of stress in the microfibrillar region of host. cell wall

(arr;w) are evideqt.- X 43000;

Stage prior to penetration. X 220003

Penetrated host conidial cell. Compgre the dénsity of cytoplasm of
thé penetrated and healthy cells. Note the electrogftransparent area

surrounding the penetrating hypha of the parasite and lack of -

significant indentation of the host cell wall at the site of

-

.penetration. X 19000.

parasite; R = ribosomes, RZ = reaction zone.

.
~ . . '
¥ T :
A, jo

42
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Plate 10

Hyphae of Nectria inveﬁta growihé‘inside the host conidium:

A) Swolleh and constricted parasite hypha -at the siée of penetration.
Penetrated cells appear to be empty and a partially degraded cell
contains rupturéd mitochondrion (arrow), remnants of other membranous
organelles and”ribogémes. X 20000;

hB) MProfuse growth of “internal parasiﬁe hyﬁhae. Note the degréded cell

® wall of the ﬁoét crnidium. X 2800; | ‘

Legend: CP ; constriction of the pgrasite hypha; HC = host cgnidial

cell; HCW = host éell wall; b= lomasome; P = parasite; S = swollen

. ‘ o
structure in the parasite hypha, C

A0
¢ - -
i " )
N v e,
. IR

I4
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Plate 11

Scanning elecﬁfon and light micrographs showing penetration of mature

v

and juvenile host conidia by Nectria tnventa:

A

B)

C)

D) .

“E)

Mature conidium of AZterﬁaria brassicae penetrated by hjphae of
N.,inventa; Note collapséd cell wall of the conidium (arrow).

X 1800; ‘

Enlarged view of a penetFation site. A large hole develops inbthe
wali of the host cell. A meshwork of material appears at the
penetration site (arro&). X 27000; |

Juvenile conidium of 4. brassicde peﬁetrated through the basal pére
by N. inmventa. X 2500; o |

Thin ‘section 6f a normal juvenile conidium of 4. brassicae showing

:thé basal pore and septal pore (arrow). X 2800;

Scanning electron micrograph of a basal pore in a juvenile conidium

of A. brassicae. X 3500.

Legend:. CP = conidiophore produced by a mature conidium; JC = juvenilé

conidium; MC = infected cells of the mature conidium; P = parasite.

RN
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DISCUSSION

-

{n-géaeral, parasitism of A. bxhgsigae by N.
inventa dppears‘to proceed in the following sedu nce:
(1) Trepic grﬂwth of Nectria hyphae toward§AZternaria
ceils;
v (2) Physical contact of the respective fgngi{
(3) Formationiof éppressorium-like:bodies and adhesive
mater%al by the parasite;

(4) Development of reaction zones in the host cells;

(5) Formation of septal plugs "and in -c. rases an
unusual membrane system in e host cell.;
(6) Pénetration of the hdst ce. by N “-renta

(rare in host hyphal ceﬂ‘s){ and .
*7) Disintegration of the ho.uc cytoplaém»and the cell
wall. - |
The tropic phenomenon is”common.in mycoparasitism
(Barnett and Lilly, 1962; Booéalis, 1964); however, factors
which induce it are not well known. In the A.“érassicaé -
¥. inventa interaction, it is most likely ;hat the ho;t » -
conidia and hyphae create specific mic?oenvironments around
them in éuch a way that the parasite hyphae can detect the
presence of the host at»a'distanbel and respond by initiati.g
~the tr;pic growth. The dierrences in microenvironment, e.g.,
temperature, moisture, pH, eompoéition of nutriénts, may be

caused by various activities of the host such as respiration,

. exudation or leakage of endogenous material (see Section II. C).
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This kind of special micro—-area may exist around almost:jhy
fuﬂgus; thus resembling the concept of ~the rhizosﬁ%ere in
higher plants. Therefore,.this areé is proposed to be called
a "myéosphgré”. This concept is further supported by the
occurrencc of exudates containing various materials from
sclerotia of Selerotinia sclerotiorum (L r., ce Bary
(Colotelo, 1973) apd also from hyphae nf a number of fungi
(Pérsonal communication with Dr. N; Colotelo).

Several mycoparasites have been. reported to form

appressoria in contact with their host cells (Bdller, 1934;

Berry and Barnett, 1957, Benjamin, 1959; Jeffries and Young,

'1975). Species of Piptocephalis are the most studied

examples where, during infection of the host hyphae,

appressoria are formed, fblloﬁed by penetration with fine
infection pegs, and tﬁen formation of branched haustoria

(Berry and Barnett, 1957; Benjamin, 1959). Since the . ;
swollen bodies formed by WN. invénta infrequently penetraie

Alternaria hyphae, therefore they shédld be called

‘appressorium~like bodies.

The presehce of an adhesive material has been .
reported not only in variods‘fungus -~ higher plant inter-

sctions (Edwards and Allen, 1970; Bracker and Littlefield,

1973; Endo and Colt, 1974) but also at the Puccinia graminis

Pers. - Darluca filum (Biv. Bern. ex Fr.) Cast. host-parasite

interface (Carling, Brown, and Millikan, 1976). The adhesive



material also usually occurs at the A. brassicae - N. inventa

X ,
interface and it appears to be produced by the parasite BN

x4

(Plate 4, B and C). #
| A Théappearance of the-reagtion zone fhat us
deye10p§ in the host cells in response to éontagf by
N. inventa hyphae is somewhat similar to a papilla. Papillae

A Y N N
are commonly formeéd in cells of -ascular plants in respownsc

to penetration by pathogenic fungi;isuch.as Erysiphe Sp.
(Edwards and Allen, 1970; McKaergﬂé Rimm~r, 1973). vEdwards
and Allen.(l97d) described papillég as electron-dense
with_memuranous material embedded in an amorphous

matrix. Busﬁnell,and Bergquist (1975) suggested

that pépillae a;e significang components of generalized host
resistance to powdery mildew fungi. Similariy, in mycb—
parasigi; associations, Butler (1957) oﬁéerved‘deposition

of wall-like materia: around infection hyphae of Rhizoctonia

solani in invaded cells of some phycomycetous fungi such as

Rhizopus nigricans Ehreb. Recently, Swart (1975) demonstrated

that wall thickenings were induced ir “1s of Phycomyces

blackesleeanus Burgeff and Aspergiliusccldvqtus Desmazieres

as a result of parasitism by Vertibi;liﬁm“dahliael The term
"callosity" was used for the wall thickenimgs. JFormatién of
callosity was confined to spofangiéphores;pr conidiophores ,of:

the host fungi and was not detected in the vegetative hyphae.

D

Manocha and Lee (1971), howeve}, reportedffhathapillae Qere;

>

not detected in cells of Choanephdra cucurbitarum penetrated

)

by Piptocephalis virgintana. : .

69
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Myl -
oy » .
The exact mechanism which induces the rcaction zone.

in Alternaria cells is_not known; however, it is speculated “
that cnzyme(s) or toxic subs Lance(s) released by N. inv - nta

are involved in this phenomenon. This speculatlon is
) 5 o ST

supported by the follow1ng works on host spe01f1c tox1ns I
g

©

produced by 2 phytopathogenic fungl Park and.his co-wdtkers
(1916) found that-Ah toxin produced by A kikuchiana ‘Tanaka

causes an immediate increase in permeabiltity and ultrastructural

’

changes in snsceptible cells in the vascular bundle sheath and
. o . ,

!

in the mesophyll of Japanese pear. The first obvious change
i in the ultrastructure “was an invagination of the plasma

/ membrane, evident within 1 hour aft- nosure. Leaf cells
: “ . . - L ; A
became necrotic after.10 hours of t posure and the

~ L ’ ) .

spaces betweeﬁ suscepfi&le Qell_wall% and ihVaginated

» membranes contalned many lomasome lnke ve51c s, membrane -
I \-:3, , i , Y L 7 -

; fragments and darkly hstained,materials. VicEBr?n,<a hos;.l*‘

specific toxin»; xoduced by Helmznthosportwm vzctorzae
i ) ° o , 1 . . R .
Meehan & Murphy isaalsmfknowg to Cause almost identical - : S

w

.
” : y -

changes in the sué%eptlble host cells (Luke,'Warmke, and 4 o

D

Hanchey, 1966 Samaddar and Scheffer, l97l). These changes
are strlklngly cimilar to those which occurred during the .
fofmation of reaction zones in‘the<ALternaria cells in

response to N. inventa.



The occirrence of plasmolysis of the infected 2
Alternaria cells (Plate 2, A and Plote 5, A) indicates that

- ’ SEE
R a change 1n permeability occurs in the host cells when
o ’ .

infec‘*d by N. ‘nmventa. This appears to be a strong

. A ™ : '
1nd1c‘&ﬁﬁofﬁthe bidirectional flow of materials through the

host-parPsite 1nterfacc; enzyme (s) and/or toxi. substance(s)

flow from the parasite-and endogenous:nﬁtrients from the host{\
,,./ i . i
~v

Thu N. inventa is able to‘acquire nutrients from Alterna#ia

cells which are most likely still alive. The toxic

7 . N -
) &

substance(é), 1f any, may not Uegﬁighly diffusible through “

. B 7 T
A . “w " Loy
N k

- agar or 1t may be produced only 1égresppn%e~to contact with ~
= : B S S '
host cells because . anen¢a doee not»ceuse'any visible
s ’ ) \f}J .
20 abnormalltles in the Alternarza ceLls atvanv visible distance.
T . . | S <

-Its primary mode of action~is most'likely on the host membrane

systems that control permeabllity ' In fagi“ ‘the - plasma.
é%; iuwmembrane of A.- brassicae agﬁéf;s to be ruptured durlng the
l"§2w; abtack by ﬂ..tnventa (;L; N Barnett (1964) also. 3 S
| suggested that the biotr;;hic contact mycoparasites, “

Caanrzsporzum parasiticum and Gonatobotrys 3melex, may
absorb nutrients fromdthe liying host by eltering»the
bermeebility‘of the cell membrane.. '~ . ’ ) .

‘In certain‘hggher plant—fungal paresite cohhinations,

fungal penetrations commcnly incite the formation of walléIike

dep051ts on the inner surfaces of host walls, and the ‘wall
-
A

thlckenings have often been con51dered as hose® cell wall

ingrowths (Aist, 1976) However, thiSjis ot the case for



e

, . A - ‘
the electron-densec amorphous deposits of 4. brassficae; these

-

deposits consist of degradation products_from tubule-like

structures, that often accumulate benecath the host cell wall |

4

in the eatly”stages of infection. Transmission electron
micrographs (Plate 6‘and Plate 7, A-D) reveal that the inner-
most host cell wall layer is not so affected byﬂihe cantact

of W. inventa. ujhe electron~density of this layer'obviously

differs from that o? the deposits, suggesting that they are
- N
chemically different. . ' : ‘
. - el s v
The'brlgin of gﬂﬁl’ﬂprSlts in 1nfected plant
' ' i? @@Mh‘*ﬂ

Jcells, i.eaf'whether.the materiall is dep051ted b) the host

B 1

" -
'electron—genge depoelts appear to’ be produced afterﬁihe‘

B 1}.
~that the electron- deqse dep031t$ of A, brasszq@e are pr&marlly

t,»

protoplast or by the fungus, has long been debated amdng plant
J'( -A'f‘u‘ v b
patholog1sts (Aist 1§7€f@‘ The results of thls study 1ndicate

a - S

i

" of host origin Neither the tubule*i?ke structures nor the

£y

ot

ey R

'vitallty of thé 1nvaded Alternaria celtf declines (Fldte 7,,55.

- | . ) ;"ﬁ

Abnormal membra'“ oductlon occurs commonly in

ST a ‘ A
'vascéégr plants when infecte-,oy pathogenic fungi (Peyton

:and Bowen, 1963; Hess, 1969; Edwards and Allen, 1970). )
According to Whaley et al. (1964), it also can be: 1nduced in

A

onion cells by ablot;c stressas such as mechanical 1nJury

S

The abnormal membrane production that is evident sometimes

ﬂ 5

.in invaded cells of Alternaria, however, can be regarded as

a host response to Nectria. This fesponse, as well as the
- . b
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<o

formation of clectron-dense irregular deposits, in some way
may be osistant reactions of the host cells to penetration
by N. nventa hyphéd.

The functlon of 1omasomes, often observed in cells

is#asite intérfaee, is not well

o]

g B

e parasitec at the< ho%t~

L rstood; they may parti%ip-te in absorptive or secretory

+

tunctions of the.parasite'hyphae'fpeyton1and Bowen, 1963) .
Formation of septal plugs generally regarded as a

proteetive mechanism may also be a host resistance response.
Although Manocha and Lee (1971) suggested ‘that.

penetration of C. cucurbitarum:by P, virginiana primarily-

I L eat LA

may involve a mechanical prpcess, this may not be a- maJor _ Sy
. . o e . P Em
mgchanism for penetrgtion*of'&; rassicae cells by N. anénta
e -, y

hypnae;'instead it appears to be primarily_chemicél in natu¥te.

A

‘This conclusion is baeed on the. following observations:

(1) “The micrograph showing an initial stdge of'pene—l

1 . .e .
tration' (Plate 9, A) indicates that .there.is little

]
¢
J-l./

,or no stress in the microfibrillar'portion of the

- - host cell wall beneath the tip of a parasite hypha,

'“ﬁﬁnd there is, no signf%icggt indentation of the host

: cell wall at the site of penetfation_(Plate 9, B and °

e ‘ ] ) \

\ .
,.(2) A‘large hole in the host cell wall is often evident

* N

iaround the penetratlng para51te hyﬁha,

-

v

(3) A meshwork of material occurs at the penetration il
\ ) . ’ ' . ’ .

site and it appears to be the produet’of'enzymatic

.

breakdown of host‘celi wéll material;‘and‘



o o

';\) SRS e

(4) In older infections there is a dist

of the conidial cell wall.
fhis is further supported by the fact that N.
strong extracellular enzymatic activities su
R-glu sidase (Personal communication with D
Penetration of a host conidium occ
agseptum.. It is likely that after the enzym
'ﬁ; the three “layers of cell wall (C;, C2, 2an
the parasite hypha cgn readily penetrate in
(Plate 8, B). . 1t subsequently degrades the'

" layer tq(complete the penetration.
A problem arises when one attemots

#5

N. inventa.. 1Is it biotrophic 3% mecrotrophi
q

before, the amlity %fﬁt}%is parasite either

il
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inct disintegration

inventa has
ch as that of
r. N. Coloteld).
urs commonly at
atic degradation
d C; in Plate 8, €),

tercellularlya

‘remaining wall

to describe
c? As discussed

to upset the _

permeability control of hast cells or -to penetrate , y u
‘appearing host cells, inddcates that the parasite i < )

1ikely able to obtain nutrients from liv1ng

woulde thus be blotrophic in nature at least
K . 1 ‘

stage of paraSitism. However, with regard t

ural changes of infected host cells, the.eff

is not balanced but destructive & It differs

. !' y
from that of biotrophlc (balanced) para51tes

do not destrdy the ultrastructural integrity
cells and establish,a harmopious relationshi
:cells (Armentrput “and. WiLson, 1969; Manocha

Jeffries and Young, 1976 Hoch, l977a, b).

cells, enrichment of the host cytOplasm with ribosomes,

host cells. It

in the early

o ultrastruct-

ect of N, inventa
considerably
which usually
of the host

p w1th the hostln”

.and Lee, l97l;

In higher olant
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dictyosomes, mitochondria, and endoplasmic¢ reticulum often
occurs in response to Bjotrophic-(baianced) fungal parasites
(Ehrlich and Ehrlich, 1963; Berlin and Bowen, 1964). There-
“fare, N. inventa is best described as a destructive or necro-

‘trophic mycopag@site. - C -



B. _FORMATION OF MICROSCLEROTIA AND CHLAMYDOSPORES FROM
CONIDIA OF ALTERNARIA BRASSICAE, AND THEIR
SUSCEPTIBILITY TO NECTRIA INVENTA

"INTRODUCTION
+In the p-rrv. us part, the mode of parasitism of
conidia and hyphae of Alternapza brassrcae by Nectrta .

3
inventa was descrlbedv In_, additlon to conidia and hyphae,

It

j*ﬁ however, ‘A. brasszcae was found to form seemingly survival

structures, microsclerotia and chlamydospores, from cells
,x. ¥ . 2 .

;of conidia under certain cultural condltloné Therefore,

K

. the present study was conducted to desqribe the formatiag .
o R 5 ) ) :

‘cﬁof these structunes and to examlne their Susceptlblllty ‘to

J L. a

@[‘

*N. tnventa h{:“

h Petnie (1972) repmrted that the prlmary inoétlum

of A. bﬁasszcae consists of w1nd borne spores produced on
K y

-debris of rapeseed or certain cruciferous weeds. However,
information is lacking on the’ means by which ‘the pathogen

revgyerwinters and. persists under ' adver%e condltlone.
' @
‘Among species of Alternaria, Ellior% (1917) noted'

that secondary growth im conidia occurs commonly in . old
/ ~ o ~=
qultures of several species of Alternarta, 1ncludig% A.

¢

brassicae. Conidia of A. chlamydospora Mouchacca, isolated

.J
from desertisoil also become very variable in shape be-a

-

’[" 'cause of their secondary growth (Ellls, 1976). Only one"
species, 'A. padwickii (Ganguly) Ellis. has been reported to
form sclerotia in culture (Ellis, 1971). Chlamydospores are

. produced . in several species. For example, ‘A. raphani forms >
‘ - Ll - .

,_N“ | T . ‘.’. N &";
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chlamydospofes abundanif§ inmcﬁlture (G}bvee and Skolko,
1944; Ellis 19%1). “Atkinson (1953) suggesteéythat tﬁé
survival of A.QHaphani in dry soil cultures»fqr a long period
(S,yeare) is relatedlto the formation,of these chlamydospores.

Dark bfown, aggregated chlamydospores are sometlmes produced
. ' Qﬂ\

by A..longXssima on natural and artificigl substrata (Ellis,

1971). Chlamydospores of these species are formed by the

K

I
'

rounding up of a cell or cells of a_hypha. Basu (1971) noted
that when normal conidia of 4. porri (Ellis) Cif. f. sp.

&
solani (El1l. & Mart.) are placed in natural soil, round, thick-

walled chlamydospores form within single cells of the conidia. ’
.- o ‘
MATERIALS AND METHODS t

A

' Rapeaegr leaves 1nfected by A. brassicae,_andﬁin a
" A;\k. \ =g, A ] .
condition ranging om green to partlally decayed were

collected from fields around’ Edmonton, Alberta. They‘were

-
°

_ stéred at 3°C in the dark and conidia of 4. brassicae’ which ‘
. : R o )
formed on them were observed periodically with A Leitz -

Wetzlar mieroecope equipped with an Ultropak incident-1light

o

illuminator. - ' R . )

For studieS'éﬁuA;zbfassicae in culture, V-8 juice
K3 ,) o

agar and V-8 »juice agar w1th9rose bengal at a concentratlon
. v i

’f- L v
,mg per liter were used: Cultures were 1ncubaté% at

25°C in the dark for 2 weeks and half of them were trans-

~ferred to 3°C to determine the effect of a low temperature.

( : : : : PR T

N
14
)

The cultures were kept in a»polyethylehe.beg~to prevent

T
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desiccation. To study the effect of gradual desiccation on
the formation of microsclerotia and chlamydospores, agar

disks (5-cm diameter) were removell from 2-week-old cultures

a

and kept in a sterlle plastic petri dish at room temperature.
iy

Conldla, removed perlodlcallxﬁirom these cultures were mounted *$§§
i

in cotton blue-lactophenol ok a microscope slide and examined .p;ﬁﬁ
hVALY

with a light mlcroscope

W
.

Germlnatlon of mlcrosclerotia was exahinedfé@%a lZA
. malt-extract solutign placed Pn a sterile mlcroscope slide.
The effect of freeze-thawing .on the germination of micro-
solerotia Was_determlaed.after they were stored at about —QO?C

for 2 months and then tWéwed at 3°C for 5 days.

Loam soil (blaek chernozemic silt loam soil devel-
voped on 1acustr1ne), collected from a rapéseed plot at the
,Experlmental Farm of ‘the University of AlBeéta, ;as used for
observing. the response of Alternaria. COﬂldla to 1ncubat10n on
naturel soil. The soil was eieved,_lts moisture cbntentvwas
adjusted to 25% weight/weightvbfvedﬂing sterile distilled
water, and then placed in a sterile plastic pec¢ i dish.
‘Con1d1a collected from a 2- Meek—old eulture of /. brasé%cae,. Y
were wesheq An a Buchner funnel and suspended ih sterlle-
dlStllled watef A drop'of'the co;idiél‘sqspen51on_;onteining

’ <

aLout 5 x 105 conidia pér ml was dlspersed ot a sterile

Mi12 1pore fllter (pore 51ze 0.45 um3 placed on” the levelled
N - -
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v -

soil surfaée. The culture was krépped with aluminum foil,

O

'placed in a polyethylene‘bag aﬂé;gncubated at either room

temperature or 3°C.
The methods employed to examine parasitism of micro-
sclerotia and endocellular chlamydospores of A. brassicae by

V]
N. inventa were the same as those used in Section IT.A, with

‘the following exceptions: Microsclerotia and conidia contain-

ing chlamydospores were collected from the periphery of ¢
colonies of A. brassicae which had been kept at 3°C for 2-3
months. In the preparation of material for scanning electron

miéroscopy, only the freeze-drying technique was used.

o ’ 3

RESULTS

W
N L3,
Transforma w'i@n of A&nar’ia conidia to micro-
: HE Lo -
. g s R o
«sclerotia occurred oﬁﬁ%gﬁe naturally infected, partially

ARG

decayed rapeseed leaves which had been stored at '3°C for
2 to 3 weeks, but not on infected green leaves -after storage ¢
at 3°C for 3 months. On the partially decayed leaves, thére~

was a profuse growth of conpaminaﬁinglfungi, and a detaiiedf}
sfﬁay bp:the development of m%€30§£k2§3§ia,was difficult. )
'Therefo}e, thg‘process was fqilowed anly on-agar.;édia. 3

. Micrésclerotia,f;;ﬁe.'after 2—week-bld cultures on

v ' 2

" V-8 juice agar .medium were exposed to.3°C, but not at 25°C.

. . ‘ | 3 :
-MicroséIgroQ@; developed -preferentially-at the periphery of

>3 <
-
t

the colonies. : . : _ T ' : .

cor
L 4

v
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fﬁ * The stages in the formation of microsclerotia are
. ) -

shown in Plates 12 and 13. Developmenﬁ of a microeclerotlum
Qas'initiated in one or more cells of a conidium (Plate 12,
B and Plate 13, B and C) within 6 to 10 days after storage
et 3°C. At about half-maximal development of a‘?icrosclerf
otium, when individual cells were still clearly visible,
this initial consisted of more ehen 50 cells

(Plate 12,‘C). Microsclerotia reached their maximum'size in

2 to 3 months (Plate 12, D). Mature microsclerotia were

darkly pigmented, many—celied, usdaliyhﬁr}egularly spheroidal,

and about 60-150 um in dlaveter §Tﬁ% rough and irregular
nature of their surface was demoneegfeed by scanning
electron micrographSA%@late 13, C D§\ .

More than' 987 of ther matu"'é gé “u'.t“;;tx;:tx.lonvths); {m—

’ .
.treated mlcroeclerotla germinated (Plate 12, E and Plate,

13,‘%); Most of “the germ tubes developed into hyphate,
(Plate 12, E), while a few produced eonldgééglrectly
The frozen—thawed microstﬂerotia also germlnated

well, but almosd) exc1u51vely by producing conldlophores and

~~=xonidia (Plate 12, F). 0°°351°§£3¢y more tﬁan 23 conidia

' J
were produced directly from a 51ngle mlcrosclerotlum within

" 24 hours-of incubation. . “~. & ' 1

el -
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On V-8 juice agar containing rose bengal, during
gradual desiccation of Alternaria cultures at room
temperature, cell division occurred in many conidia after

2T¥o 3 days. However, as drying continued, the micro-

sclerotial initials ceased to develop. N . w
' . . - SR

Microsclerotia were not formed on Millipore
filters placed on'soil’either at room teﬁpérature or at 3°Cs

Endocellular chlamydbSporbs were observed in many
Alternaria conidiéfexﬁosed to 3°C or to gradual desiccation.

3 N o
Chlamydospores occasionally developed in old conidia without
Ty - '

these treatments, but they were formed more ﬁbundantly in

mature conidia and also in some &yﬁng-cdniaia (Plate 14, A)

fdilowiné gne of the two treatménts;v;The chlamydospores

were smaller than the cells within whigH theyudeveloped o -

.

(Plate. 14, B). On thelsurface of the thick, é&éctron—&hcid

Bl

"wall of a chlamydospbre?:remnénts of the degenerated cyto-
. v o B
_plasm of the original cell were'usually préséﬂt (Platedl4, B’

"and c).. Occasionally, an organelle consisting of many
B B : * . ‘. - . - . | -
membrane tubules was seen in the chlamydospore (glate 14.,.C). ¢ -

~} ’ v‘ “ ) - ‘ ”,

Endocellular chlamydospores also often developed in., = -~

’ N : - < ' /

cells of conidia placed on nat2§a1 soif at. room temperature. -

. - . . /

. . - o . ) R i

Within a.few days, extensive bacterial growth occurred on J
. IS ) j

~

-
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the surface of Alternaria conidia and cells which had not
developéd into cﬁlamydospofos became empty.
Microsclerotia were actively parasitized by

N. inventa within 72-96 hours of incubation (Plate 15,

A

A and B). Although detailed cytological changes in the |

infected cells of microsclerotia could not be traced with
the light microscope'bgcause of their dark pigmentation,

the mode of parﬁ‘!tism appeared to be identical to that of’
‘v

A@%érnaria conidia by the parasite. Tropic growth of the

pafasite hyphae toward microsclerotia occurred and upon
S i v , oL v - ) - ) . ﬁ&
‘contact appregsgrium~like bodies were often formed.- However, %&;

. o N ‘ . . X . . r
. the frequency of the formation of appressorium-like bodies

&

on the micrqéclerotia was somewhat lower,than“Yhat on hyg@ae

and conidia of A. brassicae. Hyphae of WN. inventa were

t¢losely associated with the septal ar..s of microsclerotia
o iy o "‘! . -
PR '.(Pﬁéte 15, C)'and"&fhetratiohvoccurreg commonly at the sSepta.

kA ) : . - s

(&

In the late étage_bf parasitism,, an intense growth of the

parasite hyphae occurred on.the microsclerotia and a heavy™

- ; . “

disintegration df'thé hast cell wall was éVident (Plate 15,
b E . o= !
. . ) N - W
A and B). )
\R . Endocellular chlamydospores appeared to be’ more1

resistant to the. par331te than the cells of hyphae and
conidia; however, most of the infected_chlamydospores‘ . ‘ R

eventually abpeared empty within 96 hours of incpbation.v

v . Y



PlaFe 12 |
Light microgiaphs of stages in the development of a microsclerotiumf
from a conidium of Altgrnaria braésdcaei
A) -Conidiém of A. brassicae. X 4003
B) Initial stage in the formation of a wicrosclerotium. X 400;

C) Half-developed microsclerotium consisting of more than 50 cells.
X 400;

‘D) Mature microsclerotium. The beak part pf'the original conidium is

srill identifiable. X 4003 |

E) ,Gerhina;ion og aqupufg microsclerotium to form hyphae. X 4003

¢ N

F) Germination of & ftozen—thawed microsclerotium. Notgrmany Tew
conidia produced directly from the mlcrdsclerotium. X 650.

/
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Plate 13

Scanning electron micrographs of stages in the development of a micfo—

sclerotium from a conid :m of Alternaria brassicae:

A) Conidium on a rapeseed leaf. X 1006;

B)‘ Microsclerotium (arrow) developing from a cell of a éonidial beak.
X 1400; | |

C) Initial stage in microsclerotium formation.

D) ‘Mature, many-celled microsclerotium. X 1400;

‘E) Magnified view of a part of the microsclerotium in D) showing the

emergence of a germ tube. X 12000.
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Formation of endocellular chlaavdospores in conidia of Altcrnaria‘

Plate 14

brassicae:

A) Light micrograph of chlamydosnores (arrow) formed insTde 'a young
conidium. £¥750; ‘

B) and C) Transmission clcétron microgra hs of ch]amfdospoges formed
‘inside conidia. Note remnants of degenetxtvd‘cytoplasm of the
origiﬁal cells and an organelle consisting of r 1{ membrane ﬁubulés
in t;e chlamydospore in C). B), X 5500, C), X 20000. ;'

Legend; C = remnants of degenerated cytoplasm; M = organelle cdnsisting

Y of many mei. -ane tubules.
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Plate 15

Microsclerétia of Alternaria braséicae attacked by Nectria. inventa:

Aj and Bg/ Scanning.electron and light micrographs showing a profuse
growth of N. inventa ot microsclerotia,% Degradation of tae host
vceli Qall is evident in B) (arrow).  %5,‘X 3000, B). X' 1300;

C) Close association of Nectria hyphac‘with the septal pnr& of micro-

" sclerotium. X 4800.
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DISCUSSION

\inswqrth §l971):defincd a'sferdtium as a firm,
frequently rounded mass of hyphac with or without the ad
of host tissue or soil? and normally having no spores gn or on
it. A majority of sclerotia arise as discrete iniﬁT;is
among the vegetative h;phaé. fhese initialé usually enlarge

by hyphal tip\growth, and maturation is characterized by

surface delimitation and internal consolidation (Butler,
. . oA

1966). Some of %he smallest structures thuﬁ formed, camsist-—

Y

ing of a few cells a>nd‘without~ind and medullas are -
‘sometimes descfibed és‘”bulbil:& or ”microsplerotia”f ’
Microsclerot%a of_Verticillium’élbo—atrum originatq;from
swollenl hyphal cells of single or interhingled hypﬁq@ ahd s
increase in size by{%udding from globose cells (Broyﬁ ;nd .'i
Wyllie, 1979). Pletochaeta setosa (Kirchn.) Hugbes!hgs

. ST , : —
also been rgported to produce microsclerotia by{a similgrg
prgﬁess (Harvey, 1975)', Microsclerotium-like structures in
A. brassicae are unique in that they are transformed
conidia; it may ‘therefere be debatable whether tﬁésé - , //r‘
str@ctures should be called micros;lerotia. Ho&é?ér, és ( h

these “structures are firm, rounded, darkly pigmented and

i N i . RPN - " e
resistant to desiccation and freezing, they are functionally
. : e

warranted.

Low. temperature appears to -be necessary for. the

otia in A.cbrassicae.

-maximal development of microsc
i s

at



in .the spring. R .

However, the fact that microsclerotia werc not found on
. . . - S

infected éréen leaves but developed on partially decayed

1eaves;sdggest5’that in nature some othev factors may
. A

also be involved. Similarly, Cylindroclac’um spp. do not
form microsclerotia. on attached azalea lcaves but produce

them apﬁhdantly withén two ‘weeks after absciss’ n of the

o
I3

infected leaves (ﬂindermanf 1973) .

Initiation of transformation of conidia into

./.
¢

microsclerotia als® occur}ed in gradually desiccating

Alfernaria cultures growing on a medium to which rose bengal

was added. - Rose bengal reg@ricted the vegetative growth‘of

«

v o4 ' L a ) . .
A brassicae but resulted in an increased number of micro-

. ! ~
e L

sclerotia at 3°C.. These results suggest that formation of

-

microsclerotia occurs under conditions unfavorable for

vegetative growth.

-,

.Microsclerotia in 4. brassicae withstood the effects

of desiccatdon and” freezing. This indicates their potential

impdrtance in the survival of the fungus, particularly in
v ' ' . P —_~
northern latitudes. . . ™

.The germination of a frozen-thawed microsclerotium

to produce many new conidia (Plate 12, F) suggests the

importance of this phenomenon in increasing inoculum den$ity

2

-"Endo%éllular chlamydospores, which resembled

o . R . -
those reported in A. porri f. sp. golant (Basu, 1971) were

also produced in response toO cold témperéture and gradual

‘desiccation in culture. Conidia of A. brassicae pléced,on

y

] 'u,,.,‘
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natural soil formed these thick-walled cells or'bécame

o N ‘
emptyqwithin one week. This indicdtes thdf“thpmydoszores
- ~ ‘4'7‘*’\4%1’.,,';‘

also have a potential importanée,ih’éhﬁVETVI ?f the fungus
SUEVAVRL §F ”

Bal

. : dal it

2t e i
Microsclerotia werebdestroyedkby N.- 2nventa in
: < N\

“ PN

in nature.

v

i

culture. . However, in nature their many-celled structure

.8 ‘ - :

may ensure them a better chance to escape from microbial
- ;

atta ks, inéludihg that of N; tnventa. En&ironmental

conditions fluctuate in nature and, therefore, conditions

may not be always favorable for antagonists. Theoretically,

survival of dnly one ceil of a microsclerotium is sufficient
, .

to re-establish the colony of A. brassicae when conditions .

become favorable for the fungus.
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T INTEODUCTION

C. FACTORS INFLUENCING TUE ALTERNARIA BRASSICAE - NECTRIA
INVENTA HOST-PARASITE INTERACTION ‘

: Environmentalifactors, especially temperature and

Y
(]

moisture, undoubtedly play an important role in affecting

various microbial activities. Fluctuations in these

factors dre commén'especially during tﬁE\g<j:ing season.

VCombinatibns of factors such as alternate pé ‘ﬁEE\Qf‘wetﬁing
. ‘ -

and drying could also have significant effects on ‘the inocula

.

of certain fungi. In séveral mycoparasitic host-parasite

combinations it was shown that susceptibility of the host

fungus varies considerably with temperature (Butler, 1957;

—
-

Slifkin, 1961; Barnett, 1964). Smith” (1972a-c) shbwed that *

o

sclerotia of Sclerotinia spp. and Selerotium spp. could be

elimiﬂateq from soil if'they wvere dried for a short period
(1-20 hours) at'3OZ relati?e hum;dity; ’This treatment s
caused Putrients to 1eak from scleretia -andt thus promoted
their degradation by microbes; Skoropad (1966) repopged

for Rhynehc s>or: 'm secaZis»(Oud:) Davis that ne&ibatches.of_
conidia wére produced from mycelium in lésions.only if Eheée
lesions were dried anﬂ rewettédl Dﬁriﬂg preliminary
experimenté/in tﬁis investig;t*on.ifiwas found tghat dried
conidia of Alternaria braséicjp leaked hutrients after they

~

were rewe;ted.

’ N
)
- A
T e
,



'The purpose of this study wgs to determine:
(lf' The effect of different temperatures on the A. deSSiCub
- Nect?ia inventa interaction and, (23‘ The effect of'dryihg
and rewetting of éonidia of A. braésicac on the leakage of
nutrients from them and, the sigqificance of these nutrients

. ™
in the parasitism of A. brassicae by N. Zinventa.

N
~ /
/

Materials. and e\pluétién methods on the degree of

MATERTALS AND METHODS

/‘ ~
parasitism were the same as used in Sections I.B and II.A.

« o

Dual cultures of A. brassicae and N. inventa were incubated

on PDA and on water agar at different temperatures, V12, 3y

10, 15, 20, 25 and 28°C. The degree of parasitism was
evaluated after incubation for 2 weeks for those grown on PDA,
and after 72 hours for thosé grown on water agar. The effect

of temperature on the growth of both fungi in pure culture was
' s P .

‘-

examined by measuring their radial growth on PDA after a
' <>
12-day incubation period at the temperatures listed above.

&)

w
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Conidia of A. brassicae we o collocied frém 3 o N
petri dicshes of 2-wecek-o0ld cuitures as duscribcd in Sect om0
T.B. They were washed, 1in a Buchne v funnel,%fnlloéqd~by 2’
centrifugations at 2000 r,plm.‘for § y{nutes‘uagﬁ tq

"eliMjinatce any exogenous ‘nutrients carried b) conidia from' the =

‘

culture medium. The washed conidia wcqp suspendcd in 16 “ml
. , ] :
of sterile distilled water, and 2 ml of the suspension was

passed through a sterile Milligore filter (pore éigé;O.AS um) .
N .8

2.

Eight Millipore filters retainihg conidia were thus obtained.

They were treated as 1 sample, which was a basic unit

.

. . L
throughout this experiment. ‘ g , A

To investigate the effeets of dry treétment om
Alternaria conidia, duplicate samples were drled exther 1n

an incubator at 20°C at a relatiwve humidiﬁy (RH) of‘30," 54,
. : ' Y ) ‘} ). .

or in deep petri d¥fshes (diameter, 100 mm; height, 80" mm)

containing 250 ml of saturated CaCl, - 6H,0 «(«H, 32%) at

v

20°C (Clayton,. 1942). In the latter case, 2 Milii&ore”

«

filters retaining conidia were blacgd in a gteriléiplastic

petri difh (60 x 15 wm) which had been placed‘dn the surface

of saturated&CaClzi— 6H,0 solutiodon. The deep petri dish was
then_séaled with maSkipg t;pe énd kebﬁ in a clased‘poly;' 
etgylene bag. After'dryiqg‘for 0; 2, 4, and 12 hdufs, a
small sample of conidia was removed énd Plaéed on a‘éterile
ﬁillipore'filter to test theif germinabiiity.‘ The conidia

vere moisgened w1th sterile dlstllled water and were incub-

ated in a petri dish moist’ chamber for 24 hours at 25° C
- f

~ Eight hundred conidia of "each sample were counted.
Sy ' ’

2



Each. of the dried sampleés was immersed in 100 ml of -
sterile distilled demineralized water forAZA hours at 3°C.
_Conidia were temoved and the dry weight of each.samplc was
recorded. The leachate of dried conidia was dried using a
rotary evaporator under vacuum at.40°C, and made up to 10 ml
in distilled demineralized water. The concentrated leachate
was separated into 2 fractions for amino acid and sugar
’ ‘ '
analyses using the method of Sane and Zalik (1968). Each
fractibﬁ.was dried under vacuum at 40°C and madé up to a
desired volume in distilled demineralized water, unless other-
wise noted, and held for analyses. - ' /

: \
For quantitative analyses of total freg aw%ho

>3

‘acids and reducing sugars, the methods of Rosen (19%7) and
< . ,

Nelson (1944) were used, respectively.
Only the leachates obtained from conidia dried
for 0 hour (as control) or 12 hours were used for qualit—

ative analysis of amino acids and sugars. The amino acid

fraction described above was made up to 5 ml in 0.2 N

o . ‘ Y

sodium ci: ate pH 2.2, and 1 ml of this solution was

analyzed - “th a2 Beckman/Spinco model 120 -m‘no acid analyzer
e ~ 7 .

(accuracy = 77 The amino acids were eluted with citrate

buffers of pH 3.25, 4.25 and 5.28 (Miller, 1965). 1In this
" procedure the amides, glutamine and ésparagine, were
eluted.together.ﬁith serine and threonine. .The ﬁethod of
Sane and Zalik (1968) was usea to obtaiﬁ resolution of

‘these compounds.



¢ 4
Sugars were de;er$;ned quqlitativély uxing phper
chromatography with nqu5anoI - acetic acid - watdr,
\A:-l: 5 (v/v/v) as solvent (Part?idge; 1948).
To examine the effect of the leaked nutriénts;on

N. inventa, conidia of A. brassicae were collected and\\\\<:>

washed as deécribed above. Conidia were suspended in

A

sterile Qater, énd thé spore density wés”adjusted to a&eut
'5 x 10° sparcs/ml. One ml of this susbensiOn was passgd
through a stérilc Millipére filtér uﬁdcr_VQCUum. The
Milliporc filters bearing conidia were t%gn dried for 6
hours at 32% RH. Affer drying, the Millipofe filterngevé/
. _ ¢
trahsferred to sterile microscope slides placed in ster%le.
plastie pet;i'dishes lined with mois; filter paper.. A drop
of sterile distilled watler was’placed on the edge of each
Millipore filter to wet tﬁe conidia®™ . A small drop of spore
suspension of N. .itnventa, which was made as déécribed in
Section i.B, was then placed'in the center of each Milli-
pore filter in such a way thaqithg central érea consistiné
of the conidial mixture of both fungi was surrounded by the
area gontaining only Alfernaria coniﬂia. )
A simfl r.e¥periment was conducted on sterile )
microscope coVéf/Zlésses'(ZZ X éZ m@) to confirm tﬂé results
obgained on Millipore .filters. qual volumes of the above
described spore suspénéions of each fungus were mixed
About 0.05 ml\?f the miktﬁre wag‘spread on each cover glass
and dri%d af 32% RH for Ovhour (as ébntroi) or 6 éOUfS.

-

These cover glasses wére.placed in petri dish moist chambers

98



and the dried conidia were rewetted with about 0.05 ml of
‘sterile distilled water. .

For comparizun, the manner of rermination of non-
dried Alternarié conidia Qas examined on Millipore filters
wetted with a nutrient rich solution, containing 2% malt

extract and 37 sucrose. In all cases, conidia were

incubated at 25°C in the dark for 24 hours.

RESULTS
Nectria inventa overgrew and parasitized
A. brassicae at 20; 25, and 28 °C; however, at 15°C para-

sitism proceeded slowly on both media used (Table V).”

Nectria inventa did not grow on either culture medium at
either 5 or.10°C, while A. braésigae_gfew-at a low rate
(Table iV). Interaction of these fungi, therefore, aid not
occur at these temperat}&es. The .optimum temperature for
growth og both fungi on PDA appearea to be about 25°C.. .
| R ~Analyses of free amino acids and reducing sugars
we?e‘doﬂe 3 timess The results for the replicates were

neérly identical. Therefore, data obtained'from one
experiment7were ad&pted as a representagixgaof the replicates.
af Total amounts of leaked amino acids and reducing
8ugars frnom Alternaria conidia which‘were dfigd for 0, 2, |

6, and 12 hours are shown in Table VI. Although sméll

amounts of both amino acids and sugars were detected "in the

A

leachéte from non-dried conidia (control), their leakage in-

w .,

creased markedly when conidia were dried and rewetted; the

longer the drying peri the larger the amount of leakage.
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The exudate. from conidia dried for 12 hours con-
sisted of more than 17 different amino acids (Tahio Vli)ﬁ
Among them, glutamine wasuthw"largcst in amdunt, followed
by aspartic acid and glutamic acid. These were the only
amino acids found,%n the leachate of non-dried conidig
(conerl) and they occurred only .in trace amounts. Serine
and alanine also formed large proportions of the amino acid
frac£ion, i.e., 10.29 and 9.497% respectively. Other amino
acids occurred in relatively iow éoﬂéent}ations{

The sugar fraction of the leachate from thg‘dried
conidia consisted mainly of glucoéé“(Rf: 0.174) and i
fructose (Rf: 0.225). In addition, a féint spot (Rf: O;llﬁ)
was~also present, but‘it was'nbt identified.

The effect of tﬁe-leékqd.nutrients on Nectria
conidia was striking; 61.7% of them germinated in the;
vicinity of the dried and‘rewetted Alternaria conidia within
24 hours on Milliporé filters (Plate 16, A and C), while
only 1-2% of Nectria conidia germinated around non-dried
Alternaria_conid%a (Plafe 17, B). The stimulating,effect of
the leaked nutrients on the'germinafiop of Nectria conidia
was also evident in the experiment using microscope cover
glasses (Plate 17, Aj. |

Germinability oflAZternaréqyyﬁhidié was reduced
only slightly by dry treatmént; germination rateé éf the

conidia dried for 0, 2, 6 and 12 hours were 99.2, 98.0, 97.1,

and 93.7% respectively. However, a few_cells,'especially the
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proximal and its adjacent cells, of the dried confdia often
appeared empty when r- vetted. The number of the empty-
appearing cells incivased only moderately with longer

drying periods.
The dry treatment brought about marked changes in
the response oRAlternaria conidia t¢é Nectria on Millipore

filters wetted with sterile distilled water. When surrounded

by Nectria conidia, less than 5% of the driéd Alternaria

-

-conidia, germinated after 24 hours of incubation (Plate 16,

A and C). They were ecventually destroyed by N. inventa,
. ) M . [ . .
while the majority of them (>95%) germinated where Nectria

conidia were absent (Plate-16, A and B). Non-dried conidia

of A. brassicae, however, readily germinated in the presence
of ‘Neetria conidia. .
% 1

The manner of germination of Alternaria conidia .

(o N

also changed after the dry treatment. On Mill&pore filters-

wetted with sterile distiiled water, only about 322 of non-
dried AZtérﬁaria conidia'germinatea by producing germ'tyﬁes
which developed into hyphae, ;hile 65,87 of them germinatéd
by producing'secon@ary conidia directly (mi?roq&clic éﬁnid—
iation) (Pﬁate'l7, B). A few of them produged both secondary

&
:. . ’
conidia and.vegetative germ tubes. In contrast, a bajority

of the dried conidia germinated by means of vegetative germ
tubes (Plate 16, B); and the rate of microcyclic co&idiation
dropped considerably to 20.3%. ‘ : . ‘ - .

Germination of non-dried Alternaria conidia was

examined on Millipore filte;s'wetted with a solution
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containing 2% malt  extract and 3% sucrose. In the presence
of the exogenous nutrients, Aléérnaria conidid germinated

exclusively by proJucing vegetative hypﬁae (Plate 17, C).
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TABLE IV. The effect of different temperatures on the growth of
Alternaria brassicae and Nectria inventa on potato-dextrose
agar medium. ‘ '

O

Temperature Radial growth after 12 days (mm)l)

(c) \< A. brassicae N. inventa

5 4.1 0

10 o 4.6 ) ' 0

15 | 1.6, 23.5
T2 . 109 , | .36.9

25 ; 31.9 - ' ' 45.5

28 - LN, ©30.7 | 43.3

;1)

Average of 4 replications for each fungus. !
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TABLE V. Degree of para51t15m of AZtePnaria brassicae by Néctrta
inventa at different temperatures

Temperature = €olony interactions on PDA Index of host susceptlblllty

)l) ) 2)

(C) (Scores for A. brassicae on water agar
3) 3)
5 - 1 s "
10 - -
15 : 2 s
20 ' 2 S Vs

‘25’ m | ,vs‘
28 \_/ 2

1)

2)S = moderately susceptible, VS = very susceptibl

3),

Growth of N. Znventa did not occur.

See Fig. 1.
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" TABLE VI. The amount of leakage of sugars and amino acids from conidia
of Alternaria brassicae dried for different periods of time.

Period of . Sugarsl) ' Amino acidSZ)
dryiné (hr) . (u moles/lOO mg dry weight'conidié)
0 ‘ 0.68 . 0.25
27 560  3.54 )
6 - | | 16.48 . 8.8
: 12 3 23.60 12.05

1)

Exbressed as glucose.

Expressed as leucine.

.
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TABLE VII. Amino acids leaked from conidia of Alternaria brassicae
dried for 0 or 12 hours.

I
¢

u moles/100 mg dry weight of conidia

‘Amino acid - period of drying (hr)
g ‘ 0 12 (% concentration of
each amino acid)
Lysine e 0.619 (5.70)
Histidine - 0.234 (2.15)
» Arginine ‘ - 0.391 (3.60)
Aspartic acid trace 1.548 (14.25)
Threonine | / - 0.582 v (5.36)
Serine = “ - o 1.118 ’ (10.29)
~Glutamic acid " trace ° 1.516 ' ‘ (13.95)
Proline ‘ - " trace : /)
Glycine - C- | 0.420° (3.87)
Alanine ° Co- 1.031 . (9.49)
. Half Cystine - . . trace ' /)
Valine ‘ - 0.220 { (2.02)
Methionine : A - 0.086 {0.79)
Isoleucine ’ - 0.191 (1.76)
Leucine’ ) - ‘ 0.422 4 (3.@8)
Tyrosine - 9.210 (1.93).
vPhenylalanine i - 0.185 e (1.70)
Asparagine e 0.245 (2.25)
Glutamine : : tface 1.847 - (17.00)

1)Nii or non—measgrébie.



Plate\16 and 17

Effects~of dry treatment of.cbnidia of Alternaria brassicae on their

germination and on ihe intéraction with Nectria inventa:

Plate 16
Profuse growth of N. inventa insthe vicinity of lternaria conidia
wﬁich were dried for 6 hours and rewelted on.a illipore filter.
'The broken line indicates an appioximaté border between an area
containing only Alternaria conidia (1eft side) and an area:Qheye
Nectria conidia were added (right side). Most of the Alternaria.
conidia (right.side) do not germinate where Neetria is growing.
X 150;

B) Germinaﬁian of the dried conidia by means of végétative hyphae.
Cytoplasm of thése conidia appears to become int%acellular'hyphae

during germination. X 600; .

C) Magnified view of Nectria conidia growing iﬁ the vicinity of

Alternaria conidia which were dried for 6 hours and rewetted. X 300.






—

Plate 17

A) Active ge;&ination of Nectria conidia on and in the vicinity of
Alternaria conidia which were dried for 6 hours and rcwegted on a
microscope cover glass. Nectria coniéia situated at a<distance
‘from the Alternaria conidia scldom germinate. X 300;.

B) ‘Microcylic conidiatipn by a non-dried Alteynaria conidium on a
Millipore filter wetfed with distilled watef.y No£e poor
germination of‘Nect;ia conidia. X 600;

C) Network of vegetative hyphae produced by a non-dried Alternaria

conidium on a Millipore filter wetted with a liduid containing 27

malt extract and 3% sucrose. Microcyclic conidiation is absent.

\
X 100.
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DISCUSSION

In several mycoparasidc'felations, temperature
hasrbcen shown to be one of the most"important'f&ctors
which determine the degree of parasitism (Butler,. 1957; -

Slifkin, 1961; Barnett, 1964). This also applies to the

A. brassicae - N. inventa interaction. Parasitism was
strong at 20, 25, and 28°C, moderate at 15°C and abS:;:\\ e
'/\’ ) f .

~

at 10 and 5°C. The ability of A. brassicaepjo grow at low

Sar
Pl
N . . . . 'nl,‘l i “ -
temperatures is advantageous to the fungusﬁ%ﬁ escapce fron

N
Sy

mycoparasites and to increase inoculum &EEsity in early

spring. - 4 ’ ’ B
Spores of sevcral}fungi have been reported to | (
exude nutrients when suspended in disti{lcd water (Lingﬁppa
ana Lockwood, 1964) or when placed o; plant leavési(Frasgr,
1971) of on soil (Bristow and‘Lockwood‘ 1975); Although

non-dried conidia of A. brassicae_leaked minute amounts of

nutrients in distilled water, the amount of leakage increased

- v
markedly after dry treatment. Dry treatment has also been

shown to cause leakage of-exudates-from sclero;ig of
several fungi (Smith, 197Zafc),‘and from roots of higher
‘ . S
Plants (Katznclson; Rouatt, and Payne, 1955)‘when the $oil
is éubsequently rewet;ed. The mechanisms'wﬁich induce these

phenomena are not well known; in the fbrmer‘case, however,

it was attributed to cracks which developed in the rind :?\éy
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Y .
sclerotia after drying. A similar explanation'may apply to
conidia of A. brassicae. As described in Section II.A, the

conidial cell wall of A. brassicae consists of 4 layeré.

The outermost layer of a conidium (Cl.ianlate 8, C) appears

to be lipid in nature because it is hydrophobic and eleckron

dense. Therefore, the function of this layer is expected to

be similar to that of cpicuticular wax of higher plarnts.

re .
Martin (1964) suggested that wax impedes either the movement
4 .

of leaf exudates or the passage of water fromit? leaf
surface thrbugh the cuticle. It-is likely that the continuity

of the outermost layer of A?%ernaria conidia is broken by

. shrinkage of the‘cell wall during drying,folldwed'by a

sudden exﬁénsiqn wﬁeg rewetted. This could result in the
removal of the 1mportant barrier gnd a subsequent increase
in leakage.- B , |

.Exce;éj;e drying may aléo damage the plasma membrane
and cellular contents of Aiternaria conidia. Cook and
Papendick (1972) sdggested that the harmful éfiects of.
desiécation on propagules of plant pathogens are par;ly
attributed to the effects on bound water in me 'rmolecdléé
of the Eell includipg pfoteins enzymés, RNA, and DNA.
ThlS is also likely to occur in Alternaria cells dusing °
drying and‘coﬂsequently causes weakening and death of the
cells. Since cont;ol‘of cell pérmeability by the plasma
membrane is an energy-requiring process, the déclinéd
Qiébili;y of the Alte;naria cells may be accompanied Py an

\'
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increased leakage of endoceilular compounds through the |
plasma membrane. Leakage occ@rs;freely from déad'éells of
Altefnaria conidia. The empty-appearing cells, which often
occurred in the dried and re&ette& Alternaria conidia, are
‘'probably dead cells, and thius they are an important source

of the ieaked nutrieﬁts. HoWwever, since the nﬁﬁber of
empty—-appearing cells increased only moderately with }onger
drying period;, this phenomenon lone cannot exbiéin the
:drastic diffefence in the amount of‘the leaked nutrients N

»

uﬁpgtween 2-hour-dried and 12-hour-dried éamples (fable VI).
Therefo%tﬁ the leakage of nutfiepés ﬁrobably resulted from
a gombination of the above describéd mechanisms.

A pore is"present.at'the base of the proximal
cells where the.thick wall is lackiﬁg. The fact that these
cglls were most susceptible to the dry ;reatmeht suggests
that tﬁ? thick cell wal}rﬁlays an iﬁb&rtant\QOléAin p;otect;
ing conidial cells fromvdeéiccation.l

The compos;iion of amino acids and sugars which
leaked from.dried AZternaria conidia is similar’to those of
J;he ethanol éxtracts of hyphae o} 4. triticina Prasada &,
Prabhu and 4. tenuis fﬁ‘A. alternata). These extracts
contained glucose, fructose and more than fO free ami-o
acids (Ku@ar aﬁd‘Rao, 1976).

thﬁp% and Barnett (1975) suggested that the conc-

entration of specific amino acids in the free;@mino acid

pool of the host is/é major factor in determining'the‘degree
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of parasitism:by biotrrophic haustorial mycoparasites. However,
this may not be applicable éo'the A. brassicaec - N. inventa
interaction. Considering that N. inventa has a relatively

wide host range (unpublished data) and also has a strong

éaprbphytic ability on a wide variety of substrata (Hughes, -

~1951), the'stimulating effect of the leakéd nutrients en

the presencé of

the germination of Nectria conidia is unlikely to be.specific.
Dried and rewetted Alternaria conidia rétained a

high germinability but most of them failed to germinate in

ectria conidia nearby. A similar phenomenon

. . ~ o o

orted in connection with soil fungistasis.

Bristow and Lockwood (1975) demonstrated that nutrient- 7
independent spores of several fungz exude non—speéific energy-rich
nutrients during incubation on sand being leached with
phosphate buffer. As a result they became dependent upon

exogenou- nutrients for germination. These authors

suggested that in natural soil the exuded nutrients may be

'rende:ed-unavailable to the spbres because of microbial

activity, thus resulting in fungistasis. This theory may

’ exblain why the dried conidia of A._braésicae could not

" germinate near N. inventa. A steep diffusion grqdient may

a4
]

Afﬁ&}gorous deplétion of the leaked nutrients by the lattef.

be created between Alternaria and Nectria because of the

. . ¢
Nectria, therefore, induces more leakage from the. Alternaria
conidia and eventually exhausts. their nutrients to the

extent that they fail to germinate. In the absence of

/
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N. inventa, Alternaria conidia may not lose their nutrients

too extensively and/or may re-utilize the leaked nutrients
sufficiently to be able to germinate.

-~

It is also possible that N. inventa produces a

weak fungistatic substance which suppresses the germinatio%

£
t4

of Alternaria conidia which have been weakened by dry -
treatment. 'Althdugh microscopic observation of the
A. brassicae - N. inventa interaction (Section II.A)

. dindicates that N. inventa does not prdduce a diffusible

toxic substance that affects normal (non-dried) host cells
- , .

at any appreciable distance, this does not exclude the above

possibility. '
Microgyclic conidiation in A. porri f. sp. solani .
has been sHan“to be inducéd-b; various treatments which
interfere -ith normal germiqation of mother spores (theq‘
and Bashi, 1969). Skidmore;(i976a)-;uggested that the
formation o? secondary conidia is related to\thé nut;ignt
status of the substréte on which the ﬁother spore gg¥minates.
Microcyclh:céniddatibﬁ observed in the present study aﬁpears

to be a response to the lack of exogenous -nutrient, since

it did not occur in ‘the presence of_rich'exogenOus nutrient.
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. either A. brassicae alone or a mixture of A. brassicae and

D. BEHUAVIOR OF ALTERNARIA BRASSICAE AND NECTRIA INVENTA
ON INTACT AND ON EXCISED RAPESEED LEAVES"

INTRODUCTION
- A serious problem in the biologiéai controls has

been in the discrepancy between the results obtained in vitro
and those obtained In vivo. ‘For example, Bhaft and Vaughan
(1963) showed that'PeniciZZium Sp; was the most effective
fungus to'suppress-g%owfh of Botrytis cinerea on agar, but
it had no effectronAthe same fungué in vivo. Likewisé,
Penicillium sp. was stiongly antagonistic to Alternaria .
zinniae on agar, but had no effect on this fungus on leaves
(Heuvel,71§70). |

| 'Néctréa‘inventa, as a biological confrol.agent,
also presents séme specigl.pfgﬁlems..'Prg}iminary field
experiments shoyed thaE‘N. inventa does not suppress primé;y
infection of.inﬁact leaves by A. brassfcde. In these
experiments, leaves of Midas and Torcﬁ; grown in the field,
were spréy—inocuiated with spore suspensions é@ntainiqg.

N. inv%nta. There were no visible differences in the extent
of iﬁ?ection'caused by thé two kinds of inoculum.
The present‘étudy was éonadpted‘to‘determine why
N. inventa failed to sﬁppfess‘A. bras;icae on iﬂtact rape-
) L3

seed leaves, and also to examine the effectivene5§ of

N. inventa against A. brassicae on detached léaves.

116



e

&

L,
MATERIALS AND METHODS

% Cultivars of rapeseed,iMidas.and'Torch, weF; grown
in soil in 18 cm pots in a growth champer at;21—22°C and
14 hours light (12000-15000 lux). 3 The ﬁhi}d and fourth
trué leaves of the plants were used when they were 35-40 déy;
©ld in Torch and 45-50 days.old in Midas. Half a leaf té.
one si?e of the midrib wésisﬁray—inoculated with a conidialV
suspenéioh of 4. brassicde and thé.qther half with a
éuspension containing conidia of A. brassicae and N. inventa.

The preparation of these Spore suspensions was the same as

that used in Section II.A. Approximately 0.3 ml of either

L \

suspension was sprayed on each half leaf. The plants were

covered with a polyethylene bag and were kept in the growth

i3

‘chamber under the same conditions as described above. Four

o

N ' ' .
inoculated leaves were harvested periodically, and the
. , 3

behavior of both fungi on the leaves was exaﬁined under
light‘and scanning electron microscopés.-

‘ For observation with a light microécqpe, Sellotape
impressions (Edwards and Hartman,1952) and lééf'cfbaring'
methods~weré:used., In the first method, cénidia on the
harvested leaves were removed with Sellotapelby &mpressing
its adhesive side Lo the leaf siarface. This méthpd was used

primarily to examine the germination stage of conidia.. In

the second method, leaves were cut into pileces (about

°
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15 x 15 mm) and then immersed in a decolorizing 'solution
consisting of equal parts (volume/volume) of glacial acetic
acid and absolute ethanol until the tissues had cleéred. The
Scllotape strips and the ieaf piecés,carryiné conidia were
mounted in.- cotton blue—lactdqhenol on microscope éligés

for examination. TIn each method, 800-1000 conidia of each

fungus were examined and the same experiment’ was done 3 times.

For scanning electron microscopy, 7 mm discs were -

cut at random‘from'the harvested leaves and then fixed and

freeze-dried using the ethod described in Section”II.A.

e :
To exami e interaction between A. brassicae.

and N. Znventa on excised rapeseed leaves, the third and

- fourth true leaves were harvested (4 leaves for each

cultivar) from plants‘grown as described above.” Hélf—Ieaf
. , ‘ . .

inoculation was done using the. same kind of- spore

suspensions as used above. One side of each leaf was

inoculated at two separate spots with A. Brassicae alone
by placing a small amount (about 0.05 ml) of Spore
suspension, and the other side was “4noculated with a mixed

suspension of both fungi. Half a Qgtch-of these leaves was

placed in petri dish moist chambers immediately after

uinoculatioﬁ, while the other half of the batch was used to

investigate the effect of dry treatment on the interaction
of the 2 fungi: The inoculated leaves were left at room

conditions (22-25°C; 20-40% RH) for 15-20 hodrs.~.A drop of

"sterile distilled water was then placed on each spot where
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inoculum had been placed, and the leaves were transferred

'into moist chambers. The leaves were incubated in the growth

chamber, described above, and the growth of both fhngi on the .

~

leaves was examined periodically with a stereomicroscope

over a period of 2 weeks. ‘This experdment was done 3 times.
RESULTS

On intact leaves, cqnidié of A. icae
germinated after a short incubation period 18, ‘A).

The germination rates on Midas and Torch were 2.1 and

19.5% at 3 hoﬁrs after inoculation, and 36.7% an. . 5%

~

at 9 hours, respectively. They germinated usually .~

producing either germ tubes or secondary conidia, but a few
\ ,

produced both structures (Plate 18, B). The Sellotape

v{mprg§sion.technique‘showed that at-9 hours 21.37%7 and
16.5% ;f.all thewgermiﬁated coniéia did so by means of
mfcrocyclic conidiation on‘Midas andtTorch, respéétivély?
At this stage, conidia of W, inventa did_not germinate )
(Plate 18, A). | | |
‘ Simple Csingle—celléd) appressoria occurred in-

the terminal and intercalary poSitions‘(Platé-l8,'C; énd
Plate 19, c). Appressoria often océurfed at random
‘locations on the leaf surfﬁ?q dﬁ both cultivars, but

,occasionally they were closely associated with cell junctions

and stomata (Plate 18, C).
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Penetration:of.leaves by A. brassicae was evident
at 12 hours, and was abundant at 24 hours. It occurfed>.
either with or‘without apfressoria (Plate 18, D, and Plate 19,
A, C, and Dj. ‘The manner of penetration was diffarént on
each rapeééed cultivar. Hyphae ;f A. braséicae penetrated
Torch leaf tiésue either directly thrngh epidermal cells B

(Plate 18, D) or indirectly through stomata (Plate 19, A and D)

it a rate of_ 21.8% and 78.2%, respectively at 48 hours.

- ¥

Penetration of Midas leaves by A. brassicae was almost:

exclusively through stomata. The frequedcy of direct

—

, - L
penetration.was,extreme;y low, being’less than -1%7 of all

the penetrations examined. Penetration of stomata
- .

occurred by entry of either the maln germ tube or a

lateral.branch, which often appeared to grow tropically
toward the stoma (Plate 19, A and D). However, this

positive tropism did not occuyr consisténtly; sometimes

sideébranches grew away frbm the stoma (Plant 19, E);p
.ﬁecroéis of the host 1eaf;tissue was apparent ‘around somg
Alternaria conidia at 2& hours. t

A féw Nectria conidia (less than 2%) began to
germinate at 24 houfs after inoculation (Plate 19, A and B),

but gfowth'of'the'germ tubes was slow and conéequently para-

sitism of A. brassicae by N. inventa was not seen.
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3
At 48 hours after inoculapion,,most'AZternaria o

conidia germinated. The germinéﬁion rates on Midas and Torch

v

leaves were SOJSZWand é7.4%, respectively and of all the
germinated'c§nidia, 28.1? and.lB.lZ_did”so b; means of micro-"
cyclic conidiatioa, rgépectively.‘ At this étage, a few
secondary conidia initiated germination and a ﬁdmbef of tﬁéfX
.internal hyphae reapéeared.ﬁostly throuéh sﬁbmata (Plate 20,

HA). In some instances the emerging hyphae formed conidig
(Plate 20, B) . ~ )

At 48\hours after inoculation, the germination

\

rates of Nectria conidia were 6.3% and 3.5% om Torch and

L4

Midas, respectively. At 4 days,

&

:tﬁéiy germination rates
increased to 28.57% and,lG.BZ on the respective cﬁltivars, :
aﬁé occasionally parasitism of A. brassicae by N. inventa was
observed. However, by this time, the blacksﬁot lesions

of tﬁe leéves wefe fully déVeldped and new1y formedv

gf: Alternaria conidia were abundant.
. /) On excised leaves N. inventa behaved differently.

-
0ff the half leaves on which the mixed spore suspension was'

placed, N. <nventa began to sporulate within 48 hours after

'/inoculation,eand formed a thick'brick—red conidial mass
within 4-6 &ays. Subsequently, vegetative gfowth_and

)

sporulation of A. brassicae were drastically inhibited. ~.
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In the absence of W. inventd, A. brassicae grew profuéET?\

. ‘ N A .
and established a white mycelial mat within 4-6 days. After

2'weeks of incubation, the half leaves which had been inoc-

o

\\\;\ ulated with both fungi were entirely covered by N. inventa
and the fungus began to invade the other half of the leaves
on which A. brassicae had sporulated abundantly.
J ("
Dry treatment of inoculated excised leaves enhanced
growth and sporulation of N.ﬂinventa in areas where a mixed
spore suspension was placed. Otherwise,; the Eequence of -

events was the same as described for non-dried excised

leaves.



flate 18-20 | o

Behavior of Alternaria brassicae and Neetria inventa on intact rapeseed

leaves: S » ) }

Plate 18M”

“A) Germihating Algernaria conidium and %ngerminéted Nectria coagdia
(a£rows) on the leaf surface of Torch at 9 hours éfter ingculat?on;

© X 1500; -

B) Microcyclic conidiation by Alternaria conidiq}qnfMidas at 24 hours.
. +
/

-

- Néte the presence of a conidium producing both a vegetative geig//f
N /
C) Formation of appressoria (arrows) by A. brassicae over cell junctions

& _ :
and a stomatal guard céll of Torch at 24 hours.. X 500;

T

tube and a secondary c%nidium. X 350; -

P Direct penetration (arrow) of an epidermal celi of Torch by
A. brassicae at 24 hours. X 1000. -
lLegeng;A_GT = vegetative germ tube; PO = pollens of rapesged;

SC = secondarx conidium; ST»= stoma. .
-~

4
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Plate 19

A)ﬁ

B)

C)

D)

E)

Penetration through a stoma (arrow) of Torch by Alternaria
brassicae at 24 ‘hours .1 er inoculation. A few of licctria
conidia are germinating. X 1500;

Conidia of N. inventa on Torch at 24 hours. Two of them are germ-

‘inating. X 2200;

H

Stomatal jpenetration from an appressorium (arrow) by A. brassicac.

The presence of penetration was confirmed by viewing from

v

different angles. On Torch at 24 hours. X 2000;

,

Stomatal penetration (arrow) without forming an appressorium. On
Torch at 24 hours. X 6000;

Side branch of Alternaria hypha growing away from a stor ~f Midas

at 24 hours. X 1400.
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Plate 20 =
A) Tip of an internal hypha of Alternaria brassicac (arrow) emerging
-« from a stoma of Torch at 48:£ours after inoculation. X 1500;
'B) Formation of conidia‘(arrows) over a stoma qf Torch ' at 48 hours.
X 2200; ‘
C) Conidia of Nectria inventa and 4. brassicae after a 48-hour

incubation on To{ch. Germination rate of Nectria conidia is still

:low and germ tubes are short. X 1500.
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DISCUSSION : _ ' .
. : - ,

The Sellotape impression technique was the
simplest and the most accurate method used to esgimate the
‘germination rate of Alternaria conidia on leaves, and was
especially useful to detect the occurrence of mic¢rocyclic

- _ ,
conidiation. In using other methods, i.e., leaf clearing
and scanning electron microscopy, secondary EOnidia_tended
to be detached from the mother conidia and‘many of them,
particularly the non-germinated ones, were removed from the .o
leaf surface during decoloration or fixationaprocedures.

\
Alterfarza brassicae increases its inoculum

density by formlng secondary conidia. This phenomenon'may

also be important in the survival of the fungus in nature,
partieularly when germinating conidia encountef_a sudden

"change in envitonmental conditions. A similar conclusion
was reached_by Skidmore (1976a) who studied microcyclic

“

kconidiation in several common phylloplane fungi. -
‘ . - B . . . ;;J

Alternaria brassicae often. formed appressoria at

random locations on the surface of rapeseed leaves; however,

cell junctions and stomata were favored sites for their

formation. Some other plant pathogenlc fungi also have a

¢

‘.strong preference for these s1tes (Emmett ‘and Parbefy, 1975),
for example, Peronospora parasitica " (Preece, Barnes, and
Bayley, 1967) and Uromyces phaseolz (Pers.) Wint. (Wynn,

1976) form appressoria almost exclusively over cell Junctlons

and stomata. Wynn (1976) suggested that the bean rust fungus
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forms appressoria 'in response to.the uneven surface morph-
ologf of the host leaves. .This may also explain the mode

of appre%sorium formation by A. brasstcae, since. the leaf

/

surface of rapeseed appears to be highly uneven (Platq 19, E).
McDonald (1959). and Changsri and Weber (1963)

reported that pénetration of leaves of B. napus by

A. brassicae occurs only indirectly through\stbmata. In tﬁe

présent study, péneﬁrafion of Midaér(B. napus) leaves by the

fungus was almost exclusively stomatal, and thus it

- confirms the above authors' results. However, penetrdtion

~

of Torch (B. campestris) leaves was often through epidermal

cells as well aévfhrough'stOmata. Therefore, the mode of

penetration by this fungus differs with hostyspeciés.
Thi§ may EXplain, at least in pgrt, contradictions.existing
among fp?orts of the mode of penetration‘by different
species.of Altérna;ia (Saad And Hagedorn, 1969).

Aftder 12 Héurs éf incubation penetration of rape;
seed leaves by A..brassiéa@ was evident, and within 48 héufs-

blackspot leSions'devéloped. Conidia of N. inventa;
howeéver, required a much 1ongef time.for germination, and

.

parasitism against A. brassicae was observed only after %

days. Thus, A. brassicae escaped N. inventa because of its

N

more rapid development. _ S

These results may explain why W, inventa did not

o

control the AZternarid-infectiOn of rapeseed leaves in the

preliminary field experiments. But, why does N. inventa

<

2
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require such a long time to initiate parasitism on intact

rapeseed leaves? On water agar, the fungus begad to

r

parasitize A. brassicae within 24 hours (Section .IT.A).

'

Among several bossibilitieé, the .extent to which nutrients

are available may be the most.importanE factor involved in
) .y

this phenomenon. Conidia of N. Znventa require an exog-
enous source of energy to germinate, and good vegetative
growth of this fungus appears- to be a prerequisite for

parasitism of A. brassicae. The surface of intact rapeseed

LY
- \

leaves may lack sufficient nutrients for germination.
Foliar application of Neetria conidia is thus an

impractical method to control the primary ‘infection of rahe—
seed by A. brassicae. Infection occurs before N. inventa

.becomes parasitically active and when hyphae of A. brassicae
enter the leaf “‘tissue, the fungus is protected from an attack
. : ) ’ : /

by N. inventa. which cannot grow inside living plant

tissue. ' ‘ Lt

Nectria inventa, however, suppressed vegetative

~

t &

growth and sporulation of A. biagsicae on detachéd leaves.
When leaves are excised; the ieaf'éellsvundergo a rapid

‘process of seneécencé. Aécording to'Tukey (1971), water

droplets present on plant leaves contain various inorganic

.

and organic nutrients originating from the leaf cells, and o

the amount of nutrients increases with the age of the leaf,

reaching a Eeék.étusenescence. Therefore, the excised rape-
seed ieaves probably supply sufficient energy to Nectria

conidia for their germination.
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ﬁ\ In thé field, A. brassicae causes defoliécion of
infected leaves and‘the fungus_;s likely to increase it;
inoculum densityvon.them. Alternaria brassicae 1s a strong
sgpfophytéldnd undef humid conditions ‘it sporulates
labﬁndantly onvdead leayes.‘ The A: brassic;e —.N. inveﬁtaA
'intéractign which occurred on the excised leaves‘iﬁdicates
‘that N. inuentq may be able to,prevent the blackspot
pathogen from increasing its inoculum density on'falien
leaves and other plant debris; Qn these éubstrata, there
is maximal time f6r contact and destruction of the pathogen
and, tﬁergfofe,»rapidity of germiﬁation'of Nectriavconidia
is not of prime importancé. |

On excised leéves, N. inventa sporulated'abund~q
antly on the spots_vhefe a mixe$€spore suspension was placed.
Sborulation was enhanced'by dry treatment ofTexciséd leaves.
when:the }noculum wés subsequently rewetted. “Thisi
phenomenon probably occurs becauée of the 1eakagé of
‘endégenous nutrients from thé Alternéria.conidia.

The results of this étudy suggest that an i;créase
in thé population of N inventa induced by artificial means

may reduce the- 1noculum density of A. %Yass¢cae on rapeseed

debris in nature, particularly after a dry period.



- 1969; Hashioka and Fukita,yl969). Since 1976 there has been

&
CONCLUDING REMARkS

The mycopﬂrasizlc interaction between Alternaria .

brassicae and Nectria inventa causes a seriesvof ctytological

changes in the fungal host cells, whicﬁ are éurprisingly

similar to those. induced in higher plant:cells in response

tb certain fungal Earasites. This indicates that, at the

cellular‘level, the nature of parasitism in the plant world -,

may have many aspects in common and that the results are

often transferable among different parésitic models. dt

The mycoparasitic host-parasite system provides a

better model thaﬁ the higher plant - fungal system for

a

. studying parasitism because: (1)+ It requires less time and

space for its culture (Manocha and Lee, 1971); (2 >
culturalvcohditions can be egsily controlled withc .sing
costly devices; (3) Uniformit? of materia\s is superior;
(4) ‘Interference from chtaminatiag mic \orgadisms'can be

more ecasily and completely controlled; and (5) Periodic

microscopid obsgtvation of the progress of parasitism occurr-

'ing within the same spbt is possi'le; and sectioning of

material is notvalways required to follow cytological changes

in the infected host cells. B

&

Observations of the ultrastructural fspecté of

parasitism were initiated in 1969 (Armentrout and Wilson,

TN

rapid progre$s in. this field (Carling, Brown, and Millikan,

1976; Ikediugwu, 1976a,b; Jeffries and Young, 1976; Tsuneda,:

133
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Skoropad, and Tewari, 1976; Hoch and Fuller, 1977; Tsuneda.

and Skoropad, 1977), and this has had an important impact'

on the séience of plant pathology. For example, Hoch
(1977b) diSCovefed a unique mecans of parasitism; he showed |
actual Eytoplasmic continuity, via plaémodesmata, between

Gonatobotrys simplex (biotrophic contact. parasite) and its

’

.host, 4. tenuis (= 4. aZternata) and suggested that nutriént
and growth factors are taken up by the parasite through the

plasmodesmata. Investigations of the ultrastructure of an
] . : .

_inecreasing variety of mycoparasitic host-parasite interactions
should provide us with a.better under tandiFg of the basic

principles underlying such phenomena as disedse resistance
it ’ .
‘ <
and susceptibility.
/

The study ofgthe biological control of A. brassicae.

by using N. inventa is still in a preliminary stage.

. Synchronization of certain critical events appears to be the

key to a successful biological control of this pathogen. The
mycoparasite;-in this case, has different nutritional
requirements for germination than the host fungus. A
knowledge ofﬁthese ;gquifements, and their ;réificial-adjust—
ment (e.g., the addition offsugars and aminé acids at |
;ppropriate times) may provide a simple solution to qhat

now appears to be a complex problem. These adjustments may
A

-

vary according to e;@% substratum, as is fk&?strated by the

1]

different behavior of Nectria spores on intact leaves.and on

detached leaves.



!
/ . ' :
v inoculum is one of the basic measures in conttfolling a variety

~
Any artificial modification of environments, .
however, must be approached cautiously because it may alter

q . R - °
other bidﬂogical,relationshfps;and result in a deleterious

rather than beneficial overéll effect. This is particularly

true when the vast and complex spherec of micro-organisms

is involved. : ,

'
-

inventa can be,
N

e At the ﬁoméﬁt\it apﬁears that WN.
and brobabl& is effective in reducing the inoculum load of

-~

A. brassicae én plant debris. The reduction of primary .

of plant diseases. ‘

s
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