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I) INTR0DUCTICE ¢

A nunber of funzi are active »narasites of other
1. Relavionchip betwesn Twro gpecies of »lants or mmimals
n which one benefits at the smpense of the other, usually

without lkkilling is lmovm as varcsitism. 4An orgonism that
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T izes another varssi

relavionship is

Imowm as hvperparaciti=zm. Certain funzi and bacteria ar

parzsitic on plant pathogens. There are aleso fungi which
are actively parasitic on other fungi and such hyperparasi-
tien (mycoparasitisn) occurs with several soil Tunsi as well
as with z2ir borme ones. Iyperparasitism is ridespread in
fungi, particularly in certain orders such as the ypocreales
end Chytridisles. (De Vay, 1956). TFungi enter in to o nunber

of mutuslistic relationships with other fungi. Sone are

vtive (e.g. Rhimoctoniz solani) while others are

icate (e.z. Judarluce australis) hyperparasites Tri choderma

lignorum and some others con be antagonistic or hypervcrasitic

althoush different strains are nerhaps involved, Eyper:arési
ic funzi show many eimilurities in host-
parasitic intzrction; e.g. some are biotrophs (obtaining Tood
from living cells often via haustoria) whilest others are
necrotrophs and obtain nutrients from host cells killed before
invesion. It is interesting that soil fungi are attacle

1 £

chiefly by necrotrovhic hypervarasites or atleast by those

[]



which quickly ltill the inveded host cells, were-as fungi
which attack the sghoots of nlants tend to be paracitized by

biotrophic fungi.

II) HISTORICAL RIVIEY

.

g

Different degreecs of morphological adaptation towvards
nycovarasitism may be »recosnized. Several »plasmodiophoracsous

-

organisme are intracellular varasites of other Tungi.

Woronina polyvevstis was the first to be discovered. 4 second

specles, J.phthi is an obligate »narasite of pythiun. Soxodiscus

iy

cokkerl is another »arasite of

-t e ki rmstonaai

3

1ittle or no hypervrovhy, while Cclonyxza
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rvevilesmiae complete their 1life cycles in their resvective

]

saprolermiaceous hosts in ways cimilar to T.polveystis.

(Karling, 1942-b; Pendsrsrass, 1950). The parasitic habit

thhese cenere are described and illustroted by Pitzoatriclk,
(1930) ond Korling (1924-2). Practically nothins is Imom
resarding their nutritionnl recviremente. Three =orts of

1.

nycoparacitic chytrids ney be recosnizmsd nenesly ectoparnsites,

narnsites end endoporocites 2.7, Solutovaries nhythii is on
sctonaresitic on »nythiun. Phlvectochvorivn gmchyorii is

parasitic on the rosvinz gpnoransia of Synchvirium endobioticun;

<

Chviridiun rhizovhvdii, Sentosvernms ocnomalun ond S.rhisodhydii

—
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ing the ascocarp

kb

a discomyeete (Sparror, 1960). IIvohae of lohononyess

norasgiticus invade the nyceliur, vouns =vorunsia ond young

Oogonia of certailn othar gaprolegniaceous fungl and ererse

]

only after they hove exhausted host hyphae. JLe.exoporasi-

ticug (Couch, 1926), L.cladozerug ond Plectospirs myriandrs

v

9
(Drechsler, 1943) naraszitize nythiaceous hosts. fAnong the

ictroyellaceae, Pythislla bessgseyi is an endobiotic holocarpic

hyperparasite of Qlvidiopsis gchenkiana. The ollied D.uernalis

[

Lo

parasitizes and causes golls ofthe fillaments of certain

specizs of Pythium. LA nunber of sndoblotic nycoparasites
are classifisd as Laogenidiales. Indecsd tTwo species of the

Type genue Lagenidiun Ztself are mycoparasites, one L.destruens,

being a particularly virulent varasite on a cpecies of _chlya.

Furthesr, the genus Olpidiovsis is chiefly composed of Zarasites

of frashirater fungi. The genus Rozgellopsis contains Rozella

tes with biflagellate zoospores (Karling, 1%42-a).

Rozella inflata (= Pleolpidium inflatun) vhich parasitizes

varioas Pythiaceous hosts., Although no member of the

Perenogsporales is Imown to be characteristically o parasitic

*

of other fungi. I'ycoparasitism has been observed to occur in

-

’

dual cultures of certain Pythium species (Drechsler, 19473).

Paresitiem by Z.oligendrun nay be taken as an example. “oskins

(1963) described a species of Pythiunm which in laboratory trials

4

parasitized 79 of 98 species of fungi. Cn 69 hostes it »roduced



oosonia, an event which depends on the presencte of particular

axogenous sterols (Fuskins et 2l., 1964).

Parasitism by mucors of other fungl is comron. lxcapt

[

for Symcepholics wynneae hich narasgitizes the disconycete

[

(

“Iynnea nacrotis (Thaxter, 1897) 2ll species of Syncevhs 11°

are faculbtative varasités of Iicors cepeciss of Piptocenhalis
parasgitize only micora’es except for P.zenovhila which
develons better on ascomycetes (Dobb and nzlicsh, 1954).

Digpira cornuta (= D.anericana = D.circinatba, fide Agers,

1935) parasitizes only muicorales. D norvispors likewise
A

parasitizes only mucorales, but D.zimplex is Imown to nerasi-

ize only ascomycetes, Chactomium bostrychodes (Benjamin, 1961,

t
1963). Species of Parssitella ond Chaetocladium are morpho-

logically specizlized but culiurable varasites. Durgeff (1924)

~

concluded that parasitism of Absidia slauca cnd L.casrulea

*d

J

by Paragitella =nd Chactocladium was strictly sex—limited

c

in that single strains of the heterothalic narasites attached

only complenentary strains of these two heterothallic hosts.

However, Satina =ond Blakeslee (1926) concluded that the

parasitic reactions were not truely sex-limited since they

found nunerous ecevtions. 4 few nembers of the Kickxellaceae

occur in association with other fungl and ney prove to be

mycoparasitic (Benjamin, 1959).

A number of Tungi are reported to be parasgitic on

members of the Agaricucsae and other higher fungi. Ilany
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are nycoparasitic (Hansford, 1946; Micot, 1962).
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asconycete
basidionycetous frucsifications are
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species of IIynomyces.
i vecice (including the

The ~enus Cordycepsg containg five 8%
end C.capitata) vhi

familiar C.ophioslossoides

the subterronean ascocarp of Ilavhoglogsum and

‘o vhich live

upon the sclerotia of Clavicens (Kobayasi, 1941). Battarina
erp of Tuber-

er paresite of hypomyceous ascocaery

(= 3.2ustralig) in both »nerithe-

nubaralun. wdarluca zaricis

) stage is a2 cosmonolitan
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cial and »ycnidial (=Darluca filu
and nicrocyclic rusts. Its

prarasite of any nacrocyclic

generally found on Puccinia specizss on

(Priksson, 1966).
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the Graminsae and Cyperaceae
of this easgily cultured

ir vimlence tovard different csnecies

tes are mycoparasitic e.s. Micropyxis

sts v few disconycetes
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Claudovus subdevluens fruits on the vore:

Polynorus nersnnis. Boletus verasiticus attack tha

onhora lvconerdoides

‘bodies of gclerodarma spyecies,

cies of Nvctalis)

end L.parasitica (some +im

agarics; (esnecizlly Rossula

live and fruite on =z nunber of

Stropharis

and Lactarius species).
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-~ ma) = emn o omyon Sy ] i oy PonSens ) o~ - i
Conrinug comatus ond Cl.otramentarivus. Thers are clco examples

of hynenonycetes attacking non=bacidiomyecetous funzi. Jarnett
572 - S [ - P S AT Ao A e ver

(1963) recently rscordad thet in laboratory teshs sone wrood

rotting polyvorss and agarics nenetrate and demage the ondo-

conidia cf Cerubocystis species. He sugnests that nyconara-

gitien would have some curvival value Tor these fungi.

A
A
el

wwelonvees cuiscualis (= Cicinnobolus ceeotii) is g

thin the conidiophores,

p.

parasite which Fforms »nyenidic
ascocarps, and even vegstative cells of powdary mildews. It

hyperneracite overvinters as a sanrophyte

ig pogsible that ny

on the leaves bearing she nildews. Al.0uisgualis grows and

e

sporulates on various nutrient agar nedia (Smmong, 1930).

[o)
1.

A nunber of othezr hyperpara

e

been descrited, bult it seems doubtful thet they are digtincet

from Li.ouiscualis (Hansford, 1946). Coniothyrium minitang is
a narasite of the seleratia ond sometimes the avothecic, of

certain species of Sclerotinia. 4 nunber of other nyenidial

fungi parasitize leaf-inhabiting ascomycetes (Hensford, 1946)

and other hi-her Tunzi (Se2lar, 1943).

Various hyphonyecetes are conable of nycovarasiticn,
but Tor nany of theese it ig »robably not their »rsdominont

te Thig ig probabdly t:ue for cervain evecies of

frichoderma penicilium and cenhialosporiun. T.lirmorum

parasitiges 2 nunber o diff. =co0il fungl in artificial cul
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T.viride in artificiesl culture on acid nedia parasitizes the

hyphae of Lrmillaxris msllea and Polyporus schyeinitzii. This

sort of parasiticem evidently occurs under more natural
conditions %too, for Boosalis (1956) found that a trichoderma

species was able to parasitize the nycelium of Rhizoctonia

(Corticium) Soleni in unsterilized field soil asg also could

Penicillium vermiculatum. A species of venicillium is parae—

sitic upon an Aspersillus (Thém & Raper, 1945). Species of

Penicilliun and Agvercillug have also been observed to invede

il

the sporansiopvhores of IMuicoraceous fungi, just as species of

4
i

Cevinalogporiun invade the hyvhas conidiophores and conidia of

certain species of Helninthosporium (Kenneth and Isaac, 1964).
A greater degree of vhysioclogical svecialization Tfor mycovara-

sitism is shown by Gonatobotryum fuscunm (Shigo, 1960), &.

simplex (Whaley and Barnett, 1963) and Calcarisporium narasi-

ticum (Bernett and Lilly, 1958). 4 rather differently

specialized form of nycoparasitism is showvm by Dactylella

spermatophaga and Trinacrium subtile, which invade the Oospores

of root-rotting and other soil-inhabiting oomycetes (Drechsler,

1938). Several hyohomycetes which narasitize the cultivated

Ky

Ilnghroom are economically important e.g. Llycogene perniciosa

=

is an imporvant pest which camses enlargenent of the stipe,
reduction or sup»ression of the cap and sventually, rapid
he mushroem. Other hyphonmycetous

parasites of rmshrooms include Verticillium malthousei and
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Cephalosporium cogvantinii, both of which con deform the host,

thouzh not like llycogene 1oing rapid decomposition; ond C.

lemellaecola which causes fasciation and mildewing of the

cills (8mith, 1924; Tare, 1933). Under natural conditions,
too, many hyvhomycetes are associated with the fruit bodies
of higher basidiomycetes (iTicot, 1962). Althouzh harmless
saprophytes sometines grow on parsennial or coriaceous fruit

bodies, the relationchip of many hyphomycetes is undoubiedly

b

a parasitic one. Parasitism of larger asconycetous fruit-

bodies is also mom e.g. Fagidium parasiticun attacks the

)

stromata of Xylaria svecies. Ilany hyphonycetes which para-

sitize leaf-inhabiting ascomycetes are listed by Hansford (1946).

+ .

Like so many true fungi

L .

nyxomycetes too may be attacke

.

by fungal parasites. Thess ars »nrincipally hyvhonycetec.

Stilbum tomentosum 1s common and forms abundent vwhite coremia

-~

on vhe fruictifications of Trichia and other slime molds
(Petch, 1945). As well as varacgitizing higher plants,

1 _o

Rhizoctonia solani can parasitize other funsi, in epite of
2 oy

its ovm susceptibility certain mycoparasites (Butler, 1956),

orn rmucorales and the imperfect fungus, Amblyosporium botrytis

the only hisgher fungus Regolani is knowm to attack. Iio study

-

J..

1¢ basic nuitritional reduirenents of thess fungi has been

ISR

of

attempted.
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any fungi are Imowm to be »narasitize phytorathosenic

L

nematodes. In 1934 Rozsypal Schnidt reported a Thotomycopsis
d

chytr

vtridiale which attack Heterodera schachtii. Drecholer
(1937) described 40 sp. of Ffunzgi which attack nematodes.

The inportant ones are Dactylaria, Jlcrostalgamug, Dactylella

and Arthrobotrvs.

IIT) 3COUQLIC IIPORTALICE ¢

Hyperparasites can be used to develop control mearures.
Several attenpts have been nade to utilise fungi for

control of nematodss - Such as lleloidogenes vwhich attaeck pine-

apple in Havali for nenatodes varasgitize on animels in France
and for controlling thz golden nematode of the potate in
Ingland. Some sncourazing results were obtained but practical
utilization of these fangi in agriculture is still a remote
possibility. In Hawali control of root-knot nematode of
pinecpple has besn secured by the apprlication of the infected

£0il of pineapple refuge at the rate of 100 to 150 tons/acre.

@)

13

The application oif the organic natler favours the growth and

developnent of the nematode trapping Tungus, Dactylella bemibi-

coides which kills the s=o0il nematodes and thus nalies the
infected land for further cronning. VFVematode trapvning fungl
(Cooke, 1968) fungal varasites of cysts (Bursnall and Tribe,
1974) and endozoic funzi (Giuma and Cooke, 1974) =211 have been

L

e populations of plant patho-

Q

congidered for potentizal to redu
genic nematodes ut results in the field have been disapnointing.

Vany fungi are varacites or »redators on other fungl and
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nenatodes and throush this reaction reducs the nunmber of

pathozens., lany gznera of fungi such as Arthrobotrys,

Dactylella, Dachtylaria, Uenatoctonus, Horpogvorium have

gpacies thav are predacious on free living or plant nar-sitic
nenatodes. They do nov form any hogt=narasive relaovionshi
with the nenmatode but 2ntrap them with their special orrons and

feed on their body contents.

Cinccinobolus g2l1don raduces the avtacks of

povidery mildews in nature beczusge 1t rarely o g in large

cuentiticzs. Several vorkers heove tried to usilize Budorluca

sustralis (pyeniadial ztaze mom as Darluca filun) for

controlling rust. The Tunsus does control the dissas

0 ke

undsr ceytoin natursl climesic conditions over ~hich =non has

o b o A s 3 e Y e = - - Lo
1ittlz control. Ls discusszd by Chaster (1946), oxirs “no-
o e e s s i . n
culun of the hypervarasites will not be of imch usge og the
e O] - O ~1 A a1 - . RN J]
reothsy, unless very fovourcoble to tha develonnent of this

hyner naracitse, is unlilkely <o »ermit ony narked contyrol of

digsaese. There are other several fun~2l svecies which otteck
- b . g q Ty = ORI _— = U RIS IR S A, T » —~

ruges, sucll as fuvsrcularia s590., vmlch attacl ceclo and

- e oy o - e - oot - Rt S 4 H (N o] : N

spermogenia of geveral ruots and Verticilliun hemileisz on

Tt 3 P IR S I Joos iy g 1 P PP = SO
Hemdleds vogtobtyiz. It ig mom thaet in noture fuy

powdary mild by hymer-

1 . 1 .
ot B R I Rea o S e B N e TS S ~ = TNV RO SV Y s
evg, ™Lsvs ond enrtiov 2 TDoroaitized

pvarosite lile snecies of Dorluco ond Cerebella. The control

of root rot of tez caused by rnillaria nelez has beon

attenpted by the uce of species of Lagidiplodia in Mysiland.




Remarkable control of Rhizoctonia damping-off of sugar beets
has been recently obtained throusgh the addition of live

cultures of Bacillus substilis to the infected soil, in the

U.S.A. © Hyperparasites of rust pustules may prevent sporu-
laticn, or cause the pathogen to form teliospores instead of

urediospores (Biali et al., 1972).

Hyperparasites of fungi were first described in the
1800's by mycologists with interest in plant diseases. MNost
reports of hyperparasites suggest that they might be useful
for tiological control, but hyperparasites are rarely used in
pest management programmes. Hyperparasites have provided
biological control of plant diseases in experimental plots.
An unusual recent example is the control of Claviceps

purpurea with Fugarium roseum 'Sembu cinum® (Movier et al., 1975)

in California. Several other sclerotium forming pathocens are
paracsitized by fungi. These hyperparasites, have controlled

plant diseases in special situations. Trichoderma harzianum

isolated from decomposing sclerotia of Sclerotium rolfsii

provided control of S.rolfsii in green house and field experi-

ments (Wells et al., 1972). In green house tests, Coniothzgrium

minitansg applied as a pycnidial dust reduced damage by

Sclerotium cepivorum on onion plants (Ahmed and Tribe, 1977).

The disease potential of Phomopsis sclerotioides, the cause

of cucumber black rot in green house soils, was considerably
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reduced by adding inoculum of Gliocladiunm roseum (Moody and

Gindrat, 1977).

In Western Australia some soils subpnress Phytovhthora

cinnamoni, and in these soils a highly susceptible host,

Bucalyptus marginata, will survive and grow even though the

pathogen is present (Broadbent and Baker, 1974-a, b;
Malajczuk et al., 1977). On the subject of hyperparasites
there has been some good news and some bad news. The good
news in phytopathology is that hyperparasites abound in the
world. Instance after instance of biological control by one
hyperparasite or another is recorded in the literature. Many
of these hyperparasites have an impact in some microniches,
but their effectiveness is limited. The bad news is that
hyperparasites have not been effective over the broad range
of their hosts. The following attributes would be useful to
increase the probability of hyperparasites providing biological

control.

1) A capacity for rapid dissemination : Species

of Trichoderma, Gliocladium and Fusarium are ideal because

they grow rapidly and sporulate profusely under a variety
of environmental condizions. If spores can be used, this
type of fungus can be quite effective, (Wells gt al., 1972).
Several companies have develovmental work underway to vrovide

Trichoderma inoculum for biological control, either as spores
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or as mycelium on diatomaceous earth granmuiles (Backman and
Rodriquez-Kabana, 1975). Unfortunately, many hyperparasites
grow very slowly in culture. This makes inoculum production

for field applications difficult. Tuberculina darluca and

Scytalidium uredinicola, three slow-growing hyperparasites
of rust fungi, are difficult to propagate in quantity.
Adult insects could facilitate dissemination, since they
can locate the target fungus. Because insects, amoebaes
and nematodes reduire conditions for propogation very
different from the fast growing fungi, cooperative resesarch
with entomologists, Zoologists and nematologists would be

needed.

2) Infection of parasite throughout its ecological
range ¢ Often a hyperparasite that devastates its host in
culture or under greenhouse conditions is far less effective
under field conditions because its ecological range is more
limited than the host's. The bacteria that suppress
P.cinnamoni are limited to soils with high levels of organic
natter, whereas P.cinnamoni is not limited by the organic

content of soils (Broadbent and Baker, 1974-a). Darluca

filum prevented telium formation by 99% of the Cronartium

gstrobilinum sori on dwarf live oak in a dense oak ground

cover. Under thesse conditions the hyperparesite infected
9%% of the sori. In an adjacent less dense stand, the

hyperparasite infected only 32% of the rust Sori, and 26%
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of the Sori produced telia (Kuhlman et al., 1978). In the
C.purpurea - F.roseun 'Sambucinumr' relationship, parasite
and hyperparasite apverently have similar ecological requi-
rements in California. Sprinkler irrigation facilitated
infection by both the »arasite and the hyperparasite (Mower
et al., 1975), whether these ecological reduirements would
be similar over the broad range of the host and parasite

has not been explored.

3) Barly attack before damage by the parasite :

The ideal hyperparasite attacks the pathogen's infective
propagule before it can invade the host. Infection of

sclerotia by Trichoderma and Gliocladium eliminates the

infective propagule (Wells et gl., 1972; Moody and Gindrat,
1977). Bacteria in suppressive soils reduce the P.cinnamoni
inoculum by hyphal lysis, breakdown of sporangia and chlamydo-
spores, and prevention of Zoospore differentiation (Broadbent
and Baker, 1974-a, b; Malajczuk et al., 1977). Similarly

D.filum parasitizes uredospores of Puccinia graminis before

they are released from the sorus (Carling et al., 1976).
However, infection of the oak host by C.fusiforme is not
reduced by simultaneous inoculations of the oak with the
parasite and hyperparasite Q.ﬁ;lgg (Kuhlman et al., 1978).

An exception to this need for an early attack is the PFusarium

on C.ourpurea (WMower et 2l., 1975).
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4) A capacity to kill the parasite : llany hyperpara-

sites, however, seem to be associated with the declining
stage of the disease cycle. If a hyperparasite is active
only during the late stages of the disease cycle, its role

may simply be to speed up senescence e.g. Tuberculing maxima.

Wicker and Woo (1973) sugsested that T.maxima parasitizes the
white pine tissue and not the nmycelium of C.ribicola. The
effect on the parasite would be indirect, since T.maxima
would kill the pihe cells which in turn would kill the rust.
In galls of C.fusiforme pine tissue was similar in T.maxima
infected and uninfected tissue (Kuhlman and Miller, 1976)

and sporulation by both parasite and hyperparasite occured
for successive seasons in infected tissue (8.G.Kuhlman,
unpublished data), whichever is the host of T.maxima, it

is generally agreed that aecial sporulation is reduced but
that the rust mycelium persists especially at the gall margin
(Powell, 1971-b; Ven der Kamp, 1970; Wicker and Woo, 1973).
Individual plant parasite nematodes may be killed by hyper-
vrarasite but entire populations are seldom reduced below the
destruective level. Sugceptibility, of Lovell peach root stock

to root-knot nematode (Meloidogyne sp.) led to its replacement

in most areas of California 25 years ago. Recently, low numbers
of roct-knot nematodes were found in several old orchards

established on Lovell rootstock (Stirling et al., 1978).



5) Non-pathogenic to hisher plant host : Ampelomyces

quisqualis is a hyperrvarasite of powdary mildew which reduced

powdary mildew infection by Sphaerotheca fuliginea and

increased fruit production over a nontreated check (Jarvis
and Slingsby, 1977). Pathogenisity of T.maxina is less
economically damaging to the host and can be beneficial if
branch galls are prevented from reaching the stem. The
failure of T.maxima to advance to the margin of the rust
infection suggests this benefit may not be realized.
Mower et al., (1975) tested the pathogenicity of F.roseum
fSambucinum® to wheat and found it to be nonpathogenic.
However, F.roseum and F.tricinctum have been shown to be
secondary parasites or facultative parasites on snapdragon

(Dimcck and Baker, 1951).

6) A capacity to persist ¢ Unlike most chemical

agents, hyperparasites have the potential for long-term
pergigtance without harmful reeidues. The hyperparasites
has usually persicted in a balanced relationship with the
target narssite and the host. In Italy hypovirulence azents

persist in F.parasitica in perenniel infections that take on

a gall like form because tThe combium is not killed
(Mittempersher, 1979). Since, the virulent forms of

B.parasitica have persisted for decades in the United States

(Kuhlman, 1979), hrvpovirulence agents muist have a similar
(o]
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capability. Introduced hynervarasites can have long term
advantages. Although a balanced system of hyperparasite,
parasite and host has been discussed, long-term persistence
of the hypervarasite may be accomplished through the
secondary hosts, a saprophytic stage or dormant spore stages.

Dactylella oviparasitica utilizes dead roots and the eggs of

several free-living and plant parasitic nemstodes. Because

it is not dependent on lleloidogyne, it can persist when

leloidogyne populations are low, Hyperparasitic bacteria

were most abundent in soils rich in organic nmatter. This
finding suggests that the bacteria can be saprophytes or
have other hosts that wutilize organic matter. A major
obstacle for using D.filum to control C.fusiforme is the
absence of a mechanism for long term persistance (Kuhlman

g_.ll _a__l_o, l978)-

The cvest for hyperparasites will continue for several
reasons. First, they are an attractive neans of disease
nanagement. Second, the likehood of insulting the environnment
is reduced. And finally, pesthologist will remain clert for
changes in disease cycles that are caused by hypervarasites.
Hyperparasites often reveal their presence through changes
in <he pashogen ponulation in epidemic area; e.g. Fusarium on

Claviceps and T.harziznum on S.rolfsii (Mower et 2l., 1975;

Wells et al., 1972). Hypervarasites of the Cronartium rust
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have been studied intensively in this regard and many ol the
funsi insects and animals that feed on them have been identi-
fied (Kuhlman end 1iller, 1976; Kuhlmen et al., 1976, 1978;
Powell 1971-a, c; Wicker and Woo, 1973). Similarly, hyper—

varagites of dwarf mistletoe (Arceuthobiam sp.) have been found

through searches for inexpensive means of controlling this
insidious parasite (M-uir, 1977). Unfortunately, most of the
hyperparasites identified in studies of this kind do not provide
significant control of the parasite because the hyverparasites
are not sufficiently aggressive. NMany hyperparasites become
effective only after their hosts enter the declining stage

of an epidemic or else the sizns of the hyperparasite are

nmore obvious than are its effect on the disesse.

A recent approach to discovering effective hyper—-
parasites has been through surveys that look for the absence
of disease in the presence of host and pathogen and then try
to discover the reason for it. The suppressive soils in
Australia were discovered in surveys of the incidence and

sevirity of Phyltophthora root rot in avocado groves (Broadbent

and Baker, 1974~-a). The fungal hyperparasites of root-knot
nematode was also discovered from a disease survey (Stirling

et al., 1978). Hypovirulence in Z.parasitica was discovered

when trees did not die following infection. If plant patho-

logists make greater use of disease surveys to find hyperparasites,
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we may discover that the fauna is playing an important role
too. In areas where C.comandrae is abundant, a multitude

of nmycetophagous animals feed on rust spores and cankers.
Insects damaged 41-62% of the cankers and reduced aeciospores
production by 10% (Powell, 1971-c). Giant amoebae can perforate
the cell walls and digest the content of conidia of Cochlio-

bolus sativus and Thieclaviovsig basicola (Anderson and Patrick,

1978; 01d, 1978). The melanized cell wall of C.satius had
been considered especially versistant to degradation. The
environment limits nany hyperparasites to a small portion of
the parasite population. In soils suppressive to P.cinnamomi,
hyperparasites aré favoured by high level of organic matter.
Broadbent and Baker (1974-a) suggested that the avocado grower
had created a soil environment similar to naturally suppressive
rain forest soils by the addition of fowl manure, dolomite,
and synthetic fertilizers and the expensive use of cover
crops. The speed with which these changes can be made and

the economics of this type of disease management have not

been investigated, so the biology of hyperparasitic relation-
ships offers unlimited posibilities for research. To continue
t0 promote finding of this line of research requires further

docunmentation of its occurrence and potential for success.

During the course of taxonomical studies of Indian

lleliolaceae, author has come to know that some fungi are
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growing as hyperparasites along with lieliola, Asteridiella,

Asterinag and Capnodium collected from different localities.
Nine hyperparasites are described here. These are

Annellophora solani (Syd.) Hughes on Asterina memecylonise

Ruan., Cladosporium fulvum Cooke on M.jasminicola P.Henn.

Bxosporium ampullaceum (Petch) Ellis on Capnodium eugeniarum

Cooke, Pyriculariopsis parasitica (Sacc.Berl) Z1lis on

Meliola ochrocarpi Thite sp. nov., Spiropes davillae (Syd.)

B1lis on Asteridiella terminalae (Hansf. and Diegh) Hansf.,

Spiropes doricarpus (Mont) Ellis on Meliola strychnicola

Gaill, Spiropes guareicola (Stev.) Cif. on M.holigarnae Stev.

Spiropes helleri (Stev.) Z1lis on M.canthi Hensf., Vakrabeeie

sigmoidia (cavara) Subram. on E.piperaé Thite sp. nov. Out of
eight four are being reported for the first time from India,
four are new records from lMaharashtra and one is of new locality

from Maharashtra reported on new additional hosts.

IV) DESCRIPTION OF HYPRRPARASITHAS

1) Annellophora solani (Syd.) Hughes :

Trans.Brit,.llycol .Soc. 34 : 544, 1951.

£ Chaetotrichum solani Sydow, 1927 Ann . Jlycol. Berl. 25 : 150.

It was first described by Hughes (1951) growing on

the leaves of Solanum erythrotrichum Fernald, Costa Rica.

Bllis I.B. lfycol. Pap. 70 : 84, 1958; 82 : 44, 1961; 103 :
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36, 1963, Author has also collected it from Amboli growing

ag hyverparasite on Asterina memecyloniae Ruan. On the

leaves of lemecvlon umbelatum Burnm. Thus it is the addi-

tional host. It also makes a new record to India.

Annellophora solani (Syd.) Hughes (Plate-I) :

Colonies hyphophyllous, dark browvm to black, effuse
sometimes covering nearly the whole lower surface of the
leaf. Mycelium superficial composed of a network of brenches
and anastomosing, septate, smooth walled, subhyaline to brown
hyphae about 2-4 p thick. Conidiophores arising lateraly on
the hyphae singly or in a small grouvs. Often from swollen
darker cells. Conidiophores are simple errect straight or
bent, mid to dark browm pzler towards the apex, septate and
about 190 p long, 5-6 n wide with upto six successive short,
cylindrical or barrel-shaped proliferations. Slightly curved,
cylindrical or obclavate conidia formed singly as blown-out
ends at the tip of conidiophores. Conidia are vale browm to
brovm in colour 2-4(6) septate, mostly 3 septate, 17-70 .
long 8-10 p wide in the broadest part. 6-T7.5 p wide at the
truncate base. Conidia some times germinating in situzate
the tip to form a short, secondary conidiophore with successive

proliferations.

2) Cladosporium fulvum Cooke : Grevillea, 12 :

32, 1883. = Pulvia fulva (Cooke) ciferri, 1954, Atti.
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Ist bot. Univ., Pavia, 5, 10 : 246,

Saccarde P.A. 1886, Syll.fung. 4 ¢ 363.

Distribution : Burope, U.S.L. Canada, India, lialaya,

Africa, Hauritius, Baroados, T.Indies, S.America, Australia,

Ceimerica.

It was first described by Cooke (1883) in fngland,
as a casual organiem of tomato leaf mould disease, on

Lycopergicon esculentum Mill; W.America. It 1s an inportant

discase especially of dlants grown under glass. Leater on it

was described on leaves of Lycopersicon esculentum by Butler -

(1905); Butler and Bisby (1931), from Calcutta, U.B.; Uppal,

Patel and Kamat (1935) on leaves and .fruits of Lycoversicon

esculentum, general distribution; Mitter and Tandon (1937)

from Allshabad, UJLP., Salam and Rao (1957) from Secundarabad,
AP,.; Wema and Agarwal (1960) from Bombay, Adhartal, Jabalpur,

UJLP., On Tomato fruits by Rao (1966) from Bombay; Shrivastava

and Tendon (1966) from Allshabad, UJP.; On seeds of Sorchun

by Verma and Khan (1965); On Solanum melangena by Roy (1968) from

Korilamukh, Assam; On Dahlia sp. by Roy (1968) from Borbhetta,
Assar., Author has 2lso collected it from Amba Ghats (ITz2hara-

shtra) growing as hypervarasite on lleliola jusminicolzs P .Henn

on the leaves of Jugminmm mulsbaricum Wt. Thus it is the

additional host from Msharashtra.
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Cladosporium fulvum Cooke (Plate II) : Colonies

effuse, browm, conidiorhores, smerging through the stroma

on the under surface of leaf; rarely the upver, are errect,
septated with Imee like joints; nostly simple, rarely
branched, divaceous to brovm in colour, of various length;
but mostly 152 to 170 p long, 3-7.5 1 wide. Conidia produced
terminaly or subterminely on the conidiovhore singly or in
acropetal chains. llostly one septate, elliptical, slightly
constricted at septum. Subhyzline to pale brown in colour,

measuring from 11 to 2% p long =nd 37.5 p thick.

3) Zxosporium ampullaceum (Petch) F1lis ¢

Liycol. Pap. CJl.I. 82, P.32, 1961 = Helminthosvorium

ampullaceusm Petch,

Distribution ¢ Ceylon, Ghana, Sierra Leone, on dead

twigs and branches of Funtumia, Rauwolfia, Theobroma etc.

India,

It was first decscribed by 3llis. Later on it was

described by Satya (1963) on dead wood of Vallaris heynei

Spreng. Bhopal, I.P.; Iunjal and Kulshreshtra (1966) on
dead twigs Chamba, H.P.; Author has also collected it from
Anboli (Ratnaziri) growing as hyperparasite on Capnodium

eugeniarun Cooke. On the leaves of Bugenia jambos L. Thus

it is the additional host. It also makes new record from

Maharashtra.
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Exosporium ampullacsum (Petch) 71lis (Plate III) :

Colonies effuse, brown to black, halry mycelium
emmersed, Conidiophores are straight or flexuous unbranched,
dark browvm to olivaceous brovm, upto 300 p long, scars often
dark and prominent, Conidia usually solitary, verrucose,
obdavate, pseudo septaie, generally with a thick dark scar
at the base. Conidia shows a colourless band next to the
black protruding scar. Conidia measuring 45 to 73 p long
dﬁg 15-20 i wide with 3-6 pseudosepta. Colourless band is

more prominent.

4) Pyriculariopgis parasiticum (Sacc.Berl) M.B.Bllis :

= Helminthosporium parasiticum Sacc.Berl., 1889,

Revue Jlycol. 11 : 204.

= Pyricularia masae Hughes, 1958. Can.Jour.Bot.,

36 : 800,

Distribution : Cameroons, Ghana, Guinea, Jamaica,

Sabah, San Thome, Sierra Leone, Taiwan.

It is first described by Z1lis (1971) on leaves and
gstem of Musga. Author has also collected it from Amboli

(Dist JRatnagiri) growing as hyperparasite on Meliola ochrocarpi

Thite sp. nov. on the leaves of Qchrocarpus longifolius Bth.and

HK.F, Thus it is the new additional host. It also makes a

new record to India.
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Pyriculariopsis parasitica (Sacc.Berl.) II.B.Fllis

(Plabe-IV) :

Conidiophores measuring upto 350 u long and 8 u thick.
Conidia solitary at ends of denticles, simple, straight,
obclavate, smooth, mostly 3 septate. ZEnd cells subhyaline
intermediate cells rather pale brown, 30-60 p long and 8.6~11

thick at broadest part.

5) Spiropes davillae (Syd.) Ellis :

llvcole Pap. 114 p. 38, 1968. = Helminthosporium

it —————

- davillae (Syd.)

It was first described by Bllis (1968) on davilla,
Brazil. Author has also collected it from Ratnagiri growing

as hyverparasite on Agteridiella terminalae (Hansf. and

Deigh) Hansf. On the leaves of Terminalia chebula Retz.

Thus it is the additioral host. It also makes new record

to India.

Spiropes davillae (Syd.) 2llis (Plate-V) :

Conidiophores straight or flexuwous, mid brown having
scars towards the apex. Conidia sigmoid with 2 more more
septa, generally 3-8 septa, brownish in colour. Cells at the
apex are slightly paler in colour Conidia measuring 36 to 65 u

long and 6-8 1 (6.5 to 7 u) wide.
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6) Spiroves dorvearvus (llont.) T1lis

liycol. Pap. 114, P11, 1968.

= Helminthosporiun dorvearvus (Tont.)

Distribution : Australia, Bragil, Chile, Congo, Cuba,

Dominican Republic, Ghana, Guyana, India, Indochina, llal=aya,
Wigeria, Puerto Rico, S.Africa, Sarawak, Sierra Leone, Toiwan,
Tanzania, Uganda, very common on colonies of lleliola,

Appendiculella, Irenopnsis, Asteridiella, Clypneolella and

Schiffnerula on mony different kinds of flowering plants.

It was first described by Bllis (1968). Author has
also collected it from Londha (Ilysore state) growing as

hyperparesite on Heliola strvchnicolz Gall on the leaves of

Strvchnos nuvhomica Le Thus it is the additional host. It

also makes a new record to India.

Spiropes dorycarous (Ilont.) Bllis (Plate VI).

Colonies effuse, olivaceous browm to dark brovn hairy
or velvety., Conidiophores arising singly or in groups,
straight or flexvous, mid-brovmish having scars toward apex,
250 p to 500 p long and 5 u vide. Conidia straight or
somewhat curved, generally obclavate to fusiform, truncate
at the base and somewhat rounded at the apex, generally
3 spetate, paler browm in colour, centrel cell slightly
darker then the end cells, smooth or veruculose, 17 to 37.5 1

long, 5-6.5 u thick in “he broadest part.
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7) Sviropes gquareicolza (Stev.) Cif.

SYdOWia, 2 : 303, 19550

= Helminthosporium quareicola Stev.

Distribution ¢ Assam, Bougainville, Ghene, India,

HMalaya, Tetlherlands, Tew Guinea, Sabah, Philipnines, Puerto

Rico, Sarawek, Sierra Leone, Solcmon Iglands, Uganda over—

growing colonies of Lgteridiella, JArenopsis and lleliola on

nany different flowering plants.

It was Tirst described by Ciferri (1955). ILater on
it was described by Subramenizn (1956) on living leaves of
unidentified host, castle Rock, Bombay, llaharashtra, 31llis
(1968). Author has also collected it from Kandar—doh near
Petlond (Dist. Sangli) growing as hyperparasite on lleliola

holigamae Stev. on Holigcarna grahomil Hki.F. Thusg it is the

new additional host from new locality from llzharashtra.

Spiropes Quareicola (Stev.) Cif., Plate-VII :

Colonies effuse, dark blackish-brovm to black.
Uyecelium superficial, composed of network of branches rather
pale olivaceous brovm, smooth 2-4 ;o thick hyvhae. On the
hyphae conidiophores arising singly or in groups as lateral

branches., Lover part of conidiovhore is errect, straight or

flexuous and starile, upver vars is fertile and shows Zigzag
rigions separated by sterile areas, mid to dark dbrown, paler

near the apex with numerous dark conidial scars, upto 300 u
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long and 6-8 p thick. Conidia broadl'y fusiform, pale to dark
brown or olivaceous browvm, smooth with 35 pseudosepta,
usually 3 septate, measuring 25 to 65 p long, 10-16 u wide in
the broadest part, 4-6 p thick at pruncate base and 5-6.5 u

wide at the apex.

8) Spiropes helleri (Stev.) Fllis :

1Ivecol, Pap., 114 : 14, 1968,

= Helminthosporium helleri Stev,

Digtribution ¢ Ghana, lialaya, New Caledonia,

Philippines, Puer to Rico, Sabah, Sierra Leone, India. On

Asteridiella, Irenopsis end lieliola on various plants.

It was Tirst described by Zllis (1968). ILater on it
was described by Marendra and Rao (1972) as hyperparasite on

Meliola sp. affecting flacouxrtia sp. Coorg forest, Karnataka.

Author has also collected it from Ratnagiri and Amba Ghats

growing as hyperparasite on lleliola canthi Hansf. on the

leaves of Fendlandia notoniang Wall. Thus it is the new

record to lMaharashtra on new host.

Spiropes helleri (Stev.) Tllis - Plate VIII.

Conidiophores straight or flexuous, pale olivaceous
browvn, upto 320 to 450 p long, smooth, thick walled, conidio-
genous cells polyblastic, cylindrical 7.5 p thick with

numerous scars. Conidia solitary, obclavate or sometinmes



120

fusiform, rounded at the apex and truncate at the basge, brown
or dark brorm. Central cell slightly darker than end cells;
smooth or Verrucose, almost always with 3 transverse senta,
measuring 32 to 48 p long, 6.5 to 8.6 p thick at the broadest

base.

9) Vakrabeeia sismoidea (Cavara) Subram. 3

Jour, Indisn Bot.Soc., 35 : 466, 1956.

= U.gigmoidea Hara, 1939. Disease of rice plant, 3d.2 @
185.

= Helminthosporium sigmoideum Cav., 1889, Revue.lycol.

11 : 185.

It

Vakrabeeia sigmoidea (Cav.) Subram. 1956, J.Indisn

Bot.Soc., 35 : 465-466,

= Curvularia sigmoidea (Cav.) Hara. 1889, i monogranh

of rice descase, 42.

Distribution s Ceylon, Fzypt, Turove, Fiji, India,

Japan, Kenya, Malaya, Jigeria, Sabah, U.S.A.

Vakrabeeja sigmoidea (Cavara) Subrom. is the imperfact
state of Levtogphoeria galvini Catt. vhich was first dezeribed

by Cattaneo (1879). Italy on QOryza, causing stem rot - a
gerious disease. A good account of life history of this funsus
is given by Tullis in J.Agvic.Res. 47 ¢ 675-687, 1933, Later

on it was described by Petrak (1927) and Fundlur (1938) on
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lower leaf sheaths and within the cavity of the stem of Oryza
sativa, throughout the India; and Subremanian (1956), Singh

and Pavgi (1964) on leaf sheaths and stem of QOryza rufipogon

Griff; Varanusi U.P. and Oryza sativa L. Varanasi, U.P. Ahthor

has also collected it from Amboli (Dist.Ratnagiri) growing as

»r

hyperparasite on lleliola piperaec. Thite sp. nov., on the

leaves of Piver nigrun L. Thue it is the additional host

from laharashtra.

Vakrabeeia sigmo idea {(Cavara) Subram (Plate IX) :

Colonies efuse, black, conidiophores nacronematous,
unbranched browm, upto 200 ;2 long and 4-6-y wide. Conidio-
genous cells cylindricel with thin walled denticles.
Conidia solitary simole, sometimes sigmoid, smooth, usu=lly
3 septate. The end cells are paler or hyaline and inter—
mediate cells are mid-brown in colour. Conidia 45 to 56 p
long and 12 to 15 p thick in the broadest part and tapering

at the ends.

A critical study of literature regarding the occurance
of fungal hyperparasites reveals the facts vhich are repre-
gsented in the table Fo.I. PFrom this table it is clear that
there is a naturel balance about the number of fungi serving
as host to the hyperparasites i.e. about 708 fungi serve as

host to about 697 hyperparasites. But the distribution of
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host a2g8 well as parasite anmoncst the different classes is
typical one, hich shows the relationship between phylogeny and
nutritional habits of different groupns of fungi. Because the
fungi are consgidered to have originated from green algae by
loss of chlorophyll and development of parasitism. So the
saprophytes are considered more primitive than parasites.

And parasites are comparatively nore primitive than hyper-

parasites.

From the table it is clear that out of 697 hyper—
paragites naximun i.e. 325 are from the Class Deuteromycetes.
Amongst these 325 hyperparasites 195 are occuring on the
asconycetous hosts. And largest number of hyperparasites
is borne by the genus leliola i.e. 55 with sbout 212
hyperparasites. Ascomycetes comes next, out of 212 hyper-
parasites 150 are on Ascomycetous host only. Phyconmycetes
stand third with 127 hyperparasites where 100 amongst them
are on again phyconycetes. Basidiomycetes have 34 hyperpara-

sites out of which 23 are on Basidiomycetous hosts.

Out of 708 members of fungi serving as hosts 375 are
from the class ascomycetes bearing about 365 hyperparasites
from different classes. Within ascomycetes 90 species of
Meliola sexrve as hosts for hyperparasites from different
classes. Class Basidiomycetes is represented by 151 hosts

bearing 148 hyperparasites. Phycomycetes follows with 115



hosts bearing 124 hyperparasites. ILast is the group
Deuteromycetes where the lowest number of hosts, only 68

bearing 63 hyperparasites.

f the percentage of total number of parasites on
the hosts of same class is considered, then phycomycetes
have 127 parasites. Out of which 100 are on phycomycetous
hosts. So about 80% of phycomycetes hyperparasites occur on
Phycomycetes hosts. This percentage goes on decreasing when
we go to Ascomycetes 66.66%. Basidiomycetes of 60% while in

case of Deuteromycetes it is only 15%.

Ascomycetes, Basidiomycetes and Phycomycetes have 375,
151 and 115 members serving as hosts and 212, 127 and 34
hyperparasites. Thus they are showing presence of primitive
and higher forms in eaczh group. So the polypvhylatic origin
of fungi in different lines independents from different groups

of genera and red algae is supported by this obsgervation.
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