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4. GENERAL DISCUSSION

,4.1 Brefeldin A and Toxigenic Pathogenicity

The ability to produce the phytotoxic and antifungal

substance' brefeldin A is widespread amongst Tasmanian soil-

borne isolates of Cylindrocarpon. Cylindrocarpon species are

frequen t I y found on the rh i zop I ane of a diverse range of p I an t

species.' Brefeldin A inhibits the growth of certain soil-borne

fungi and may have .a role in the establishment of brefeldin

A producing strains on the rhizoplane. If rhizoplane coloniz-

ation is necessary for subsequent root infection,then the ability

to produce brefeldin A may indirectly, influence the pathogen-

i c i t y i of the .fungus.

4.1.1 Stunting of seedling growth

Brefeldin A has been demonstrated to inhibit mitosis

in the root tips of Vicia faba L. (Betina and Murin, 1964)

and Allium cepa L. (Frank, 1974)'. The ability to inhibit this

fundamental process of root growth is consistent with the

observed stunting of the roots of rape, wheat, lucerne and

radiata pine seedlings treated with this toxin (Section 3.2.2.2).

It may also ·be the mechanism by which brefeldin A was shown

to stunt the growth of blackbutt seedl ings by Evans et a l ,

(1967) •

The experiment reported in Section 3.4.1 showed that

certain brefeldin A, producing isolates of C. destructans and

C. didymum parasitized the root cortex of radiata pine seed-

lings under sterile conditions and caused a suppression in

root growth. This effect was not induced by the non brefeldin

A producing isolates tested. A dwarfing of lupin seedlings
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. inoculated with Cylindrocarpon species was also noticed by

Maturi and Stenton (1964). These effects, and other reports

of reduced vigour of seedlings associated with Cylindrocarpon

species

Colhoun,

(Ram-Reddy et

1979) , cou I d

~., .1964; Bojarezuk et ~., 1968;

all result from a brefeldin A induced

inhibition of mitosis in the root tips.

4.1.2 Reduced vigour of strawberry plants

C. destructans and C. didymum were found to be a

major component of the rhizoplane mycoflora of field and glass

house grown strawberry plants in Tasmania. These fungi were

also commonly recovered from the vascular tissue in the crowns

of plants two' years and older. Similarly, Wilhelm (1959) found

that .C. destructans was not only a common rhizoplane inhabit

ant, but was also present in the vascular tissue of the larger

support i ng roots. He env l saged that ~. destructans gai ned access

to the vascular tissue of the larger roots by growing through

the vascular connections from dead or senescent feeder rootlets.

He further hypothesized .that toxic metabol i tes . produced by

the fungus were responsible for the eventual death of these

colon i zed roots.

Evans (1964) found that isolates of C. des true tans from

strawberry roots, supplied by Professor S. Wilhelm, were

prolific producers of brefeldin A. Experiments in Section 3.2.3

have demonstrated that brefeldin A can be absorbed by. intact

strawberry roots and translocated 1'0 .the tops of the plants.

Brefeldin A was toxic to strawberry plants. Sufficient doses

induced leaf scorching symptoms, but lower doses may result in

a suppression of -to t a l : .dry matter production in the absence

of, other disease symptoms. This reduction in vigour could
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'result primarily from a reduction in root growth mediated by

an inhibition of mitosis in the root tips. But it is also

conceivable, with brefeldin A being translocated to the shoots,

that mitosis could be inhibited at the apical meristem.

The inoculation experiments reported in Section 3.2.4.2,

showed that strawberry plants grown 'in sterilized soil amended

with a brefeldin A producing strain of C. destructans suffered

a reduction in vigour compared to plants grown in s t er il i zed

unamended so l I. The tops of the stunted plants appeared

hea I thy and there was no ev i dence of root decay. Th i s resu It

is consistent with the view that brefeldin A is the mechanism

by which C. 'destr-uctans induces the reduction in' vigour. These

experiments were conducted over a period of 12 weeks. Whether

there was any na tura I senescence of feeder roots over th i s

period, and subsequent Cylindrocarpon colonization of the

v ascu Iar tissue of the support i ng roots by the mechan i sm

proposed by Wilhelm (1959), was not examined. Wilhelm and

Nelson (1980) reported that the life span of a strawberry

feeder root ranged from onl y a few days to a few weeks.

Therefore, the extent to which .the results of these experiments

reflect the effect of Cyl indrocarpon colonization of the rhizo

plane, as opposed to colonization of the vascular tissue, is

unknown. An experiment conducted over a period of more than

12 months may be more valuable in assessing the effect of

Cyl indrocarpon colorization of the vascu Iar tissue in the

supporting roots and crowns. However, ma-intaining control

plants free of excessive Cylindrocarpon infection over such

an extended period would be difficult. The contamination of

control, plants' in, ,several experiments conducted during this

study strongly suggests the ra i r-cbor-ne inoculum is a significant
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species.

4.1.3 Vascular dysfunction

Diseased grapev~nes in Tasmania, associated with a

brefeldin A producing strain of C. destructans, apparently

die as a result of the occlusion of xylem vess'els and functional

phloem cells in the "trunk with tyloses and brown gum. Hyphae

of C. destructans were restricted to the ray cells, which are

rich in starch reserves, and were not observed 'in the affected

vascular tissue. It was hypothesized that brefeldin A might

induce this form of vascular dysfunction, which has also been

reported to be characteristic of, a disease of grapevine c';'ttings

caused by C. obtusisporum (Grasso and Magnano, 1975) and

plum and peach trees .f n fec ted with C. destructans and C.

obtusisporum respectively (Govi, 1952). However, brefeldin A

could not be detected in naturally diseased vine tissue using

a sensitive gas chromatography assay and, although brefeldin

A was toxic to vine tissue, cuttings treated with t~e toxin

fai led to ,reproduce the characteristic symptoms of the disease.

4.2 Pectic Enzymes and Macerative Pathogenicity

In Section 3.4.1 several Cylindrocarpon species were

shown to be capable of causing the post-emergence damping'

off of radiata pine seedlings grown in s t er i.l e media. Tissue

maceration of the hypocotyls occurred at the level of the

surface of the growth medium resulting in the collapse of the

seedl ings.

Carrot and parsnip roots inoculated with a Cy l i o dr-o-.

carpon species developed soft lesions (Section 3.5.1). Woundin~

was essential 'for lesions to develop from conidial ,suspension
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inoculum but not from actively' growing mycelium from a CDA,

cu I ture p'l ug.

Pectic enzymes are considered. to have .a primary role,

in .the 'soft-rot' type of tissue maceration of storage organs

and the damp i ng-off of seed lings . (Wood, 1967; Moun t , 1978).

However, it' is becoming increasingly .evident that the ex i s terice

of multiple molecular forms of pectic enzymes (pectic isozymes)

compl icates the study of the role of these enzymes in patho-

genesis (Byrde, 1982). Each isozyme may have partiCul ar

physical properties, or pH optimum' for activity, suiting it to

a particular environmental situation. Also, the isoelectric point

and molecular weight of proteins have been shown to influence

their ability to permeate plant cell walls (.Bradfute and

McLaren, 1963; Teffler and, Taylor, 1981). Thus the abi I it y

to produce a range of pectic isozymes conveys versatility to

a pathogen (Byrde, 1978).

The, Tasmanian soil-borne Cylindrocarpon isolates were

each shown to produce a range of pectic isozymes in vi tro

by the electrophoretic method of Cruickshank and Wade (1980).

Many isolates produced an identical spectrum of i soz y mes ,

others had certain .of their total complement of isozymes in

common, whilst others produced a distinct set of isozymes.

When cultured on acidic media with pectin as the sole

carbon source, a range of polygalacturonases (PG's) were

produced with pH optima generally less than 5.7.' However,

when cultured on neutral to alkaline media with pectin as

the sole carbon source many isolates produced pectin Iyases

(PL's) with pH optima above 5.7.
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PL activity was detected in b.uffer extracts of the

macerated tissue from the lesions produced by Cylindrocarpon

species on both carrot roots and radiata pine seedling

hypocotyls. PL activity was not detectable in extracts of

healthy tissue •. The pH of the macerated tissue, in the lesions

produced by the Cyl indrocarpon species on both carrot roots

and radiata pine seedling hypocotyls, ranged from 7.5 to

8.0.· Healthy

the infection

tissue by comparison had a pH of 6.5. Si m i-l ar-Lv ,

of tissues by a number of Fusarium species

results in an alkaline shift in the pH of the host tissue, and

PL's 'are known to be the predominant pectic enzymes associated

with these diseases (Bateman, 1966; Hancock, 1968; Mullen and

Bateman, 1971).

Although it was quite' I ikely that the PL's detected in the

lesion extracts were involved in tissue maceration, their electro

phoretic mobilities were not all comparable with those pr-oduced

by, the Cylindrocarpon isolates in vitro. Therefore it cannot

be assumed tha t the PL' s produced in the diseased tissue are

of fungal origin. It is possible the host tissue produces PL's

in response to infection. However, it is also 'possible that

Cylindrocarpon produces a different spectrum of PL isozymes

in vivo to ,those produced ..!...!2. vitro.

Cy Ii ndrocarpon isolates varied in their abi I i t y to

produce lesions on carrot and parsnip roots but the virulence

of the isolates could not be related to the pectic isozymes

produced in vitro.

4.3 Cylindrocarpon as a 'Weak' or 'Minor' Pathogen

C. destructans has been regarded as a 'weak pathogen'

capable of' parasitizing only .immature, wounded, unthrifty or
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senescent roots (Garrett, 1956). Sal t (1979) pointed out that

"mi nor- pa thogens I, such as certain strains of Pythium,

are capable ofRhizoctonia and Cylindrocarpon,Fusari urn,

surviving indefinitely on root surfaces or in the soi I as

saprophytes and are frequently isolated from roots of apparent-.

Iy healthy plants. The damage they cause to the host depends

greatly upon environmental conditions and the vigour of the

host.

4.3.1 Environmental factors· influencing pathogenicity

There have been several reports of Cy Ii ndrocarpon

destructans wi th di sea sed

condi tions such

1937; Lihnell, 1945; Gerlach, 1956,

Ohduki, 1972; Booth and Stover, 1974).

The. constant association of C.

environmental as

1967;

moisture

(Cormack,

Kari and

soi I

Hei man,1965;

excessive

by wounding

1959, 1961;

Hart,

and

and

1937;

1970)

1967)

Colhoun,

Hei man,

and

1945;

infection being enhanced by

low temperature (Cormack,

Rawl inson

(Lihnell,

tissue and the absence of any other potential pathogen suggest

ed that this fungus was the primary aetiological agent of a

dieback disease of mature grapevines at a particular vineyard

in southern Tasmania. However, the fungus was. found in

constant association with the surface of the potential infection

court (the buried portion of the trunk) of healthy vines

throughout southern Tasmania. This, together with the failure

of several inoculation trials to reproduce symptoms on healthy

v.ines , suggested that some environmental factor must be

necessary for infection. The mode of irrigation and the heavy

soi I tex ture at the diseased v i rieyar-d created a wa ter sa turated

environment at the infection court. Also, a waterlogging ·stress



144

was found necessary for the fungus to infect six-month-old

vi ne cuttings. It is therefore hypothesized that a waterlogging

stress is necessary for C. destructans to p erie t r-a te the periderm

and gain access to the ray cells of the trunk.

4.3.2 Disease complexes

'Minor pathogens' are usually isolated from diseased

roots in association with .ot b er- 'minor pathogens' constituting

a dt se'a se compl'ex (Salt, 1979). Cylindrocarpon species have

been frequently found in disease complexes with nematodes

(Hastings and Bosher, 1938; Siootweg, ·1956; Klinkenburg, 1953;

Bloomberg and Suth",rland,· 1971). Booth and Stover (1974)

found that the wounds produced by the burrowing nematode

Radopholus similis were essential for C. musae to invade and

damage the vascular system of banana roots.

In Tasmania, peppermint crops have suffered from a

decline in recent -years. Populations of a Paratylenchus sp ,

nematode have been shown to be high in soils associated with

the disease and the 'weak pathogen'. Phoma strasseri has been

consistently isolated from the black sunken lesions on the roots

and rhizomes of affected plants (Nik Yahaya, 1980; Wade, pers.

com"';.). However, C. destructans was also frequently isolated

from peppermint lesions in this study.• Thus it is possible that

C. destructans may have a role in this disease as part of

a disease complex.

C. des true tans has been frequen t I y isolated from

diseased cyclamen roots in association with Thielaviopsis

basicola (Berk. and Br.) Ferraris (Scholten, 1957, 1964; van

Embden, 1962). C. destructans. and a Thielaviopsis species

were isolated from the diseased roots .of a Kangaroo Paw
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(Angiozanthus manglesii D.Don) in this study. Further investig

ation of the possible synergistic action of these two fungi in

root rot diseases is perhaps warran ted.

4.4 Conclusions

This study confirmed that Cyl lridr-ocar-pon ' species are

common rhizoplane colonizing fungi of a diverse range of

plant species.

C. destructans is ubiquitous on the below ground

surfaces of grapevines in Tasmania. The fungus can invade

the ray cells of the basal trunk portion of Cabernet sauvignon

vines under waterlogged conditions, but its role in the

eventual death of the infected vines was not fully elucidated.

Certain strains of Cylindrocarpon may be capable of

stunting the growth of plants whilst colonizing the rhizoplane

or root cortex. However, such effects were on I y demonstrated

for strawberry plants and radiata pine seedlings inoculated

with Cylindrocarpon in sterilized media. When inoculated in

non-sterile media, the plants did not become stunted, suggest

ing that a high level of root colonization by the fungus is

required to induce the effect. The phytotoxin brefeldin A,

which was also shown to induce a stunting of plant growth,

is probably involved in this aspect of Cylindrocarpon patho-

genesis.

Under sui table cui tural condi tions, all Cyl indrocarpon

isolates produced pectin degrading enzymes in vitro, but this

ability in itself was not related to their ability to invade

and macerate tissue of I iving plants. Brefeldin A does not

appear to have a role in tissue maceration.

Many of the conflicting reports in the literature concern-
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ing the pathogenici ty of Cyl indrocarpon species probably resul t

from a failure to appreciate the large effect that environmental

conditions, host vigour, and inoculum potential have upon the

ability of 'minor pathogens,' to cause disease. It, is also

possible, that through breeding and selection of more vigorous

plants, increased resistance to 'minor pathogens' such as

Cylindrocarpon has been achieved.unconsciously.




