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SUMMARY

Many of the natural Eucalyptus obliqua, and E. regnans regrowth

forests throughout Tasmania have recently beeun affected by crown
dieback which frequently results in the death of scattered former
deminant and co-dominant trees. The unexplained dieback occurs in
some of the best natural eucalypt forests and was of major comcern
to the future, productivity and stability of these forests. The
investigations described in this thesis, were aimed at studying the
aetiology of the dieback complex and evaluating)the consequences of

regrowth dieback in the natural development of these forests.

The relationship between dieback and the natural transition of
regrowth forests to cool temperate rainforest was examined. These
initial studies indicated that the dieback may be a natural factor
in the development of theee forests that has occurred previously and
is unlikely to result in tree deaths beyond those asscciated with
normal forest development. TFurthermore the dieback of former
dominant trees may also be natural during the transition of regrowth
forests to mature forests and be relatedlto relatively higher stress
in dominant trees than in the former subdominant trees which survive
to form natural oldgrowth forests. While these studies should
substantially reduce concern about the unexplained dieback of
regrowth forests they also provide a new perspective of forest
growth within which factors likely to contribute to regrowth dieback

could be investigated and interpreted.

A wide range of factors which may have contributed te the drought
stress and dieback in the regrowth forests were investigated.

Shallow soils with low capacities for ﬁolding moisture, periodic



waterlogging and drought stress, and the restriction of the fine
root systems of regrowth trees relative to those of understorey
plants were all associated with dieback. However, these factors
could not explain the high level of fine root decay and the
progressive dieback of trees even during periods and on sites
favourable for plant growth. Therefore the involvemént of potential
root pathogens was examined. Nematodes and Pythium spp. were
inconsistently isolated from rhizosphere soil and eucalypt roots and

may contribute to a rcot rot complex. Phytophthora cinnamomi which

was isolated infrequently from forest soils could not be isolated
from the fine roots of regrowth trees and is unlikely to be a major
factor in the dieback. However, a previously undescribed

Cylindrocarpon sp. was consistently isolated from diseased fine

roots of regrowth trees and was confirmed to be pathogenic on E.
obliqua seedlings. Consequently detailed studies were conducted on

the role of the Cylindrocarpon sp. in the infection and decay of E.

obliqua roots and in the causation of the dieback complex.

The population and activity of Cylindrocarpon sp. increased in soils

from E. obliqua forest from low levels following burning to a
maximum in 70-90 vyear old forests. This closely parallels the

intensification of dieback in these forests. The Cylindrocarpon sp.

appeared to be natural in these E. obliqua forests and was well
adapted for growth and survival in the conditions existing in the

regrowth forests.

The Cylindrocarpon sp. was capable of infeéting and killing E.

obliqua seedlings which had been grown under the soil,
environmental, host stress and inoculum conditions representative of

those occurring 1in regrowth forests. Sublethal levels of root



infection but no deaths occurred when Cylindrocarpon sp. was

inoculated under conditions favourable for seedling growth.
Waterlogging, defoliation, high inoculum concentrations, lower soil
temperatures, pre-inoculation drought stress and chaﬁges i host
physioclogy with the transition of growth stages all contributed to
the susceptibility of the E. obliqua seedlings go infection by

Cylindrocarpon sp.

Detailed studies of Cylindrocarpon sp. in the rhizosphere of E.

obliqua indicated that root infection was largely governed by the

interactions between Cylindrocarpon sp. , other micro-organisms in

the rhizosphere and changes in root exudates. A hypothetical model

of fungistasis, lysis and survival of Cylindrocarpon sp. inoculum in

the E. obliqua rhizosphere was developed which could account for

these interactions.

While Cylindrocarpon sp. infection of the root geﬁerally caused

little damage in the cortex, infection conld also induce extensive
discoloration and blockage of xylem vessels by tyloses and gummesis
without the fungus colonising and subsequently being recoverabie
from affected stelar tissues. This dysfunction of the roots of E.

obliqua occurred in pathogenic Cylindrocarpon sp. infections and was

consistent with the high level of staining and blockage observed in
the stele of fine roots of E. obliqua regrowth trees affected by

dieback. A phytotoxin was isolated from Cylimdrocarpon sp. cultures

on natural as well as artificial substrates which acccunted for the
observed dysfunction of fine roots and the death of E. obliqua

seedlings.



Two stages appear to Dbe involved in the association of

Cylindrocarpon sp. with the fine roots of E. obliqua. The first

stage involves the infection of the cortex, is nonpathogenic and is

consistent with the common association of Cylindrocarpon spp. with

healthy roots as companion fungi (Kurbis 1937, Garrett 1970). The
second stage which may follow involves the production of phytotoxins

by Cylindrocarpon sp. in the cortex of infected roots which result

in the blockage of the xylem vessels by tyloses and the subsequent
drought stress and death of the affected plant. Recognition of

these two stages in the assocation.of Cylindrocarpon sp. with E.

obliqua fine roots can account for many of the responses observed in
seedling and in regrowth forests affected by dieback. These stages
may also help to explain much of the uncertainty about the

pathogenicity of Cylindrocarpon spp. in other root diseases.

Consequently Cylindrocarpon sp. appears tc be a natural and primary

factor in the aetiology of E. obliqua regrowth dieback. However,

the involvement of Cylindrocarpon sp. in dieback must always be

considered in the context of the contributing complex of interacting
site, physiological and pathological factors, and their effect on

the susceptibility of E. obliqua to infection and root decay.

The implications of these results are discussed in relation to the

assocation of Cylindrocarpon spp. with the development of similar

eucalypt forests in eastern Australja. The implications of these
studies are alsc discussed in relationship to forest diebacks

elsewhere in the world and the future development of other forests.



CHAPTER 1

INTRODUCTION

The tall open forests of Eucalyptus obliqua L'Herit and E. regnans

F. Muell comprise over two thirds of the high quality forests of
Tasmania and are the resource base for much of Taémania’s forest
industry and economy. The forests are among the tallest and most
productive natural hardwood forests in the world and may serve as a
model for the growth and future development of many eucalypt
plantations throughout the world. Aspects of the floristics,
structure, management and development of these forests in Tasmania
have been described by Gilbert (1958, 1959}, Cunningham (1960),
Jackson (1968), and Mount (1969) whereas Ashton (1975, 1976) has
described similar E. regnans forests in Victoria. The forests
regenerate naturally from seed following hot fires and form dense
stands of even aged eucalypt regrowth which may reach a height of 30
metres in 50 years (Fiéure 1). In the absence of further fires the
regrowth forests mature to form a tall emergent canopy above cool

temperate rainforest (Figure 1).

Recently extensive areas of regrowth forests in southern Tasmania
have been observed to be affected by a crown dieback {Bowling and
McLeod 1968). The dieback appears to be intensifying both in
frequency and degree and often results in the death of former
dominant and co~dominant trees (Figure 1}. The unexplained dieback
of former dominant trees in these high quality forests has raised
concern about the future productivity and stability of these and
similar forests. Consequently research has been undertaken to
determine the cause of regrowth dieback, and its likely impact on

the future development of these forests.
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Figure 1. Stages in the development of Eucalyptus obliqua forests in

Southern Tasmania.

Seven year old sapling stands of E. obliqua regenerating on previously
logged and burnt oldgrcwth forest sites. Tree heights 7-10m

Healthy E. obliqua regrowth forest at 70 years of age. Tree
heights 35-50Mm '

Dieback affected E. obliqua regrowth forests at 70 years of age
with developing rainforest understories and various intensities of
crown dieback.

Dieback affected E. obliqua regrowth forests at 70 years of age
with developing rainforest understories.

Crown condition of 70 year old E. obliqua regrowth trees at various
stages of dieback.

Typical old growth E. obliqua emergent above cool temperature
rainforest exhibiting characteristics of previous diebacks and
successive epicormic crowns. Height approximately 5C™









This thesis describes parv of that research. Initial studies were
directed at defining regrowth dieback and investigating its
relationship to the natural development of these forests. The
factors which may be associated with the causation of regrowth
dieback were also studied. Subseguent investigations examined the

pathogenicity and microbiology of a Cylindrocarpon sp, a fungus

which was isolated from the fine roots of E. obliqua, in order to

define its role in dieback and the development of these forests.

1.2 REVIEVW OF LITERATURE

1.2.1 The Dieback of Forests Throughout the World

The dieback of regrowth forests in Tasmania is not unique as similer
often unexplained, diebacks have been reported in forests f£from
throughout the world. The following review examines some of these
diebacks and the factors with which they have been associated in an
attempt to provide a basgis for the subsequent studies on the

aetiology of regrowth dieback in the E. obliqua forests of Tasmania.

The dieback of birch, Betula lutea 2and Betula papyrifera, in

north-eastern North America occurs in maturing, logged and disturbed
forests (Humboldt and Skolko 1948). Birch dieback has been
associated with a complex of factors which include shallow soils and
surface fine root systems {(Pomerleau and Lortie 1962), high levels
of fine root rot (Greenidge 1953, Redmond 1957) and periodic drought
stress (Greenidge 1953, Hepting 1963). Gréenidge (1953) found

that:-



"The locus of action of the disease is, in the first instance, in
the roots and excessive rootlet mortalities in apparently healthy
trees constitutes the initial indication of a diseased condition in

the species.™

Although a wide range of insects and fungi were isolated from the

crowns and roots of affected trees, Cylindrocarpon orthosporum

(Sacc.) Wollenw. wds the oaly fungus isolated with sufficient
d birch to be regarded as 2
possible pathogen (Hann and Eno i956). The pafhogenicity of this
fungus was not confirmed as no disease symptoms were apparent when
five year old birch seedlings, which were growing wvigorously.in a
glasshouse, were  inoculated with & 200ml  suspension of

Cylindrocarpon orthosporum culture. No attempts were made to

recover the inoculated organism from the soil or roots (Hann and Eno
1956). The precise cause of the birch dieback does not appear to
have been further elucidated although recent studies suggest the
possible involvement of viruses and wycoplasmas in dieback complexes

of birch (Cooper 1976).

Pole blight of Pinus monticola in the north-western United States of

America also involves the dieback and death of former dominant trees
and occurs in natural regrowth forests (Leaphart and Copeland 1957)
and in maturing plantations (Leaphart and Johnson 1973). The stands
form the primary site colonising stage of a succession te climax
forests (Leaphart and Wicker 1966). Pole blight was found to be
most severe on shallow soils with low available moisture and was
associated with high levels of rooﬂlet mortality (McMinn 1955,
Leaphart and Copeland 1957). It has been suggested that seasonal

drought stress, the relatively lower root to shoot ratios of P.



monticola seedlings (Leaphart and Wicker 1966) and long term
climatic fluctuations (Leaphart and Stage 1961) contribute to this
dieback. However, thinning of competing trees did not retard the
development of pole blight, which would suggest that factors in
addition to competition and drought stress -are involved in this
dieback (Leaphart and Foiles 1972). No pathogenic organism which
could be regarded as a primery causal factor has been associated
with affected trees even thcough a wide range of organisms were
isolated (Leaphart and Gill  1955). In independent studies

Brandsberg (1969) consistently isolated Cylindrocarpon cylindroides

as a dominant coloniser of P. monticcla litter in similar forests.
No pathogenicity studies nor associations batween pole blight and

this fungus have been reported.

The decline of sugar maple Acer saccharum in the Eastern United

States occurs in hardwood woodland and involves the death of
scattered mature trees- following crown dieback and reflushes of
epicormic shoot growth (Giese et al. 1965). Westing (1964) and
Hibben (1964) reviewed possible contributing factors. Although
defoliating and woodboring insects and root infecting organisms were
examined, no single organism was demonstrated to be the primary
agent in sugar maple declire. 8Shallow root systems, root necrosis,
periodic drought stress, soil temperatures, salt injury and tree age
were all suggested to be involved in the development of this decline
complex. Nitrogen deficiency (Mader and Thompson 1969) and root

infections by the nematode Xiphinema americanum (Di Sanzo and Rohde

1969) have subsequently been associated with sugar maple decline.

The decline of red and scarlet oaks in the United States (Staley

1965, Nicholls 1968) have also been asscciated with drought stress,

2o



frost, insect defoliation, shallow soils, restricted soil drainage
and high rootlet mortalities. Similar ocak diebacks have also been
reported form Rumania (Marcu 1966) where they are associated with

Ceratocystis, Armillaria, Thielaviopsis and ZErwinia infection

(Petresan 1974). The crown dieback of Quercus virginitena in Texas

was associated with a Cephalosporium vascular wilt fuogus (Van
Arsdell and Halliwell 1970). Root ret of frost injured Quercus

ellipsoidalis seedlings has been attributed to Cylindrocarpon

destructans Zins Schalten (Hart 1965) (formerly called C. radicicolu

VWollenw.).

The dieback of Fraxinus americana is also associated with a complex

of shallow soil, restricted root growth, drought and rcot decay
factors (Ross 1966). Recently Hibben and Bozarth {1972) have
identified a strain of tobacco ringspot virus associated with

declining ash. The virus is transmitted by the nematode Xiphinema

amexicanum.

Littleleaf disease of shortleaf and loblolly pines in the South
ﬁastern United States (Campbell and Copeland 1854) is similarly
associated with a complex of factors. These include shallow soils
which are periedically waterlogged or droughted (Copeland and
McAlpine 1962), plus decayed and restricted fine root systems
(Jackson 1945, Copeland 1952). Jackson (1945) initially reported
£hat a Torula sp. was consistently associated with stained and
decayed roots and was able to confirm the pathogenicity cof this
fungus. He and subsequent investigators {(Campbell 1951) also

described the involvement of Phytophthora cinnamomi Rands in root

rot of littleleai affected pines which is now regarded as a major
factor in the causation of root rot and dieback of these forests

(Zak 1963).
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The dieback of Liriodendron tulipifera forests in Georgia is of

particular interest as it occurred in 27 year old trees which had
previously been growing vigorously in healthy plantations. The

dieback has been associated with a necrosis and staining of the fine

roots, of the affected trees which is induced by Cylindrocarpon

scoparium (Ross 1967).

In other studies Vincent and Kantor (1971) describe the dieback of
Abies alba in Europe which was associated with fungal root rot,
drought stress and limiting site conditions. The decline of Ohia,

Metrosideros ccllina and Koa, Acacia koa forests in Hawaii has

similarly been associated with impeded drainage, nutrieat

deficiency, root rots and drought stress. Phytophthora cinnamomi,

Pythium spp., Fusarium spp, and Cylindrocladium spp. have all been

isolated from the affected forests (Bega 1974, Kliejunas and Ko
1974). Dieback patches in MNothofagus forests in Papua New Guinea

have been associated with root infections by Phytophthora cinnamomi

and a Cylindrocarpon sp. (Cartledge, Shaw and Stamps 1975).

Diebacks of unknown or complex causes have also been reported in
natural and planted eucalypt forests. In’ Cyprus, Day (1959}
described a dieback of eucalypts associated with restricted root
development on shallow, waterlogged soils. The dieback of eucalypts
in Tunisia was associated with impaired rooting efficiency,
Armillaria root rot and shallow soils (Delatour 1969). Dieback of
mature eucalypts in Brazil has been associated with root rot by

Cylindrocladium scoparium cv Braziliensis (Batista 1951, Hodges and

May 1972). Compact so0ils and periodic waterlogging were often

associated with diseased trees.
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In native eucalypt forests within Australia crown dieback has long
been recognized as a normal characteristic of the crowns of maturing
forest trees (Jacobs 1955). However, dieback has also been recorded
in younger eucalypt forests and at intensities well above that
generally expected in these stands. As these appear to be
inconsistent with our expectations of "normal" forést growth they
have been the subject of increasing cencern and investigation as to
their possible cause and consequences (Newhook and Podger 1972).
Research on some of these diebacks has been reviewed by Hopkins

(1973) and 0ld et al. (1981).

The dicback of E. delegatensis forests at higher altitudes in

north-eastern Tasmania was associated with shallow clay soils and
the development of the cool rainforest understorey in these forests
in the absence of regular fires (Ellis 1964). The lowering of
surface soi} temperatures under the rainforest subcanopy has been

suggested to limit regeneration of the fime rocts of E delegatensis

causing an imbalapnce in the metabolism rates of the roots and shoots
(Ellis 1971). Investigations associsted with the currect study

(Jehne, urppublished) reveal that the same Cylindrocarpon sp., later

to be associated with E. obliqua regrowth dieback, is also

associated with dieback in these forests.

Dieback has also been reported in the Jarrah, E. marginata, forests
of Western Australia where it was associated with a complex of site
deterioration and periodically waterlogged and droughted soils

(Hamilton 1951). More recently fine root decay due to Phytophthora

cinnamomi has been defined as the primary causal factor (Podger,
Docpel and Zentmyer 1965, Batini and Hopkins 1972, Podger 1972).

The importance of site conditions and environmental factors on P.
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cinnamomi activity in these forest soils has been investigated by
Shea (1975), and Shea, Malajczuk and Kitt (1976) have described the
role of frequent mild fires irn maintaining environmental and

substrate conditions suitable for P. cinnamomi roct infections.

Other eucalypt diebacks which have been associ;ted with the
isolation of P. cinnamomi from forest soils include reports of
dieback in: the Brisbane ranges Victoria (Podger and Ashton 1970,
Weste and Taylor 1971), the Australian Capital Terrvitory (Jehne
1971), lowland forests in eastern Victoria (Marks, Kassaby and
Reynolds 1972), Wilsons Promontory, Victoria (Weste and Law 1973),
lowland forest on the east coast of Tasmania (Jehne, Palzer
unpublished reports) and the central coast of New South Wales
(Gerrettson-Corneil 1973). These diebacks were often =associated
with shallow, periodically waterlogged and droughted soils and
forests of slow-growing, remnant trees 1left standing after the

successive selective logging of these forests.

Eucalypt diebacks in which roct rot fungi do not appear to be
involved have also been described. These include: the dieback of

E. delegatensis forests due to defoliation by the phasmid, Didymuria

violescens (Readshaw and Mazanec 1974), other insect defoliations
(Carne, Greaves, McInnes 1974) and dieback of E. dives associated

with root parasitism by Exocarpus cuppressiformis (Jehne 1972).

Crown diebacks have also been reported in plantations of forest and
horticultural tree crops {(Jehne 1972, Broadbent and Baker 1974).
The diebacks dizcussed emphasise the widespread occurrence of tree
diebacks and the many factors with which they may be associated.

However, as some factors appear to be common in so many of the



diebacks, a further review of these factors may be relevant to

investigations of dieback in the E. obliqua regrowth forests.
1.2.2 Factors Commonly Associated With Forest Diebacks

Many different factors have been associated with pafticular forest
diebacks. However several factors appear to be frequently involved
and warrant investigation in the causation of diebacks. One of the
conditions most frequently associated with the development and
intensification of diebacks in forests was thé imbalance in the
water relations of the affected trees which lead to dieback symptems
very similar to those of drought stress. While droughts were
implicated in some of the disbacks its initiation was often
associated with the inability of the affected tree to obtain
adequate moisture from the so0il relative to its traamspiration
demand. Consequently shallow soils, soil with low capacities for
storing moisture at teﬁsions available to plants, waterlogging and
competition were often found to contribute to an imbalance in watex
rclations and dieback. Similarly the restriction and decay of the
fine root system may limit water uptake by affected trees and
contribute to many forest diebacks. Low soil temperatures, physical
properties of soils adverse for root growth, physiological stress
due to factors such as defoliation and root infections and
dysfunction due to soil bicta, principally fungi, were often
involved in the restriction 2and decay of the fine root systen.
While the role of each of these factors needs to be studied in
relation to root restriction, drought stress and dieback, dieback
was often associated with a complex interaction of many of these

factors during the development of these forests.



Root growth in trees may be affected by the physical properties of
soil (Taylor and Gardney 1963, Greacen, Barley and Farrell 1969)
periodic anaerobic conditions due to waterlogging (Boden 1962,
Greenwood 1669 and Lambert 1976), the physiological status of the
tree (Burstrom 1965), allelopathy (Rice 1974), and competition from
neighbouring trees (McQueen 1968). However, the effects of these
factors in the causation of dieback needs to be considered in
relation to the capacity of the tree to replace affected roots
(Palzer 1969) or alter its rvoot shoot relationships {Ledig, Bormann

and Wenger 1970).

Many of the factors discussed above are likely te have existed
during the development of these forests. As the forests are likely
to have become partially adapted to them it is difficult to
understand how these factors, by themselves, Zfully explain why
dieback firgt develops in formerly healthy forests. Comnseguently
the initiation of crown dieback in apparently healthy forests would
avpear to require some new factor such as an introduced pathogen
ﬁNewhook and Podger 1962), or a major change in previously ecxisting
factors such as long-term changes in climate (Hepting 1963, Leaphart
and Stage 1971). Much research has been directed towards such
factors. However it is also important to investigate the effects of
changes in natural factors on the initiation of dieback. These may
include changes with age which may alter the physiology of the
affected tree as well as the soil environment and micrcbiological

factors.

Changes in the physiology of trees with age may involve loss of
apical dominance, increased within crown competition, decreased

supplies of photosynthate to the roots, altered root/shoot ratios
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and an increased sensitivity of the tree to environmental and
pathological stress (Day 1960, Westing 1964, Bormann 1965, Wareing
1970, Xozlowski 1971). Bormann (1965) maintained that "for a tree
to remain vigorous in a developing stand it must have a more or less
constant increase in  the amount of  energy it fixes
photosynthetically.” As photosynthesis can not consistently
increase due to a wide range of limiting site, environmental and
host factors the physiology of the tree has to change with age. The
restriction of photosynthesis may be particularly limiting for root
growth which is furthest removed from the source of photosynthate.
If the reduction in root growth also reduceg water uptake by the
tree further reductions in photosynthesis, root growth and trée

vigour may be expected (Bormann 1965, Aung 1974).

While these changes may largely account for tree decline, several
other factors may either alleviate or accentuate their effect. The
distribution of dry matter growth from shoots to roots may'alter in
some trees with age to obtain a more favourable balance between the
gbility of the roots to supply water and the water demand of the
tree (Ledig, Bormann and Wengner 1970). However, should the tree
also be subjected to competition from more vigorous trees or become
more susceptible to root decay as a consequence of the photosynthate
or moisture stress a progressive deterioration of the root systems,
and subsequently crowns can be expected. In a forest those species
or genotypes which are subject to the least stress are likely to be
selected for growth under limiting site conditions rather than the
species or genctypes subject to high levels of stress. A natural
succession of forest species may be expected at this stage of forest
development from vigorous dominants with low root - shoot ratios and

subject to high stress to slower growing +trees with higher
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root~shoot ratios which are subject to less stress (Monk 1966). In
studies of pole blight this succession was most pronounced on poor
soils in which fast growing species are subjected to more stress
than slow growing trees. The former dominant P. monticola also
exhibited the least capacity to adapt to limiting soil conditions by

a reduction in shoot growth (Leaphart and Wicker 1966).

Forests and most other populations, normally undergo distinct site
colonising and mature rowth stages. Those tree species or
genotypes naturally selected during the site célonising stage of
growth need not remain the most competitive during the transition to
mature forest growth {(Stern and Reche 1974, Odum 1971).
Consequently chénges in the physiology of the tree associated with
the transition of forest growth stages may be a major factor
contributing to the root diseases znd death of former dominant trees
(Last 1971). Indecd Day (1960) observed that the limitatiors in "~
growth and water uptake.of the roots relative to their tramspiration
demands sooner or later leads to stress particularly in the former
dominant trees "in which is to be found one of the basic reasons of
decline in the health of trees and change in forest structure and

successional development."

Changes with forest age also may affect the soil environment and
thereby influence tree growth and dieback development. The
inhibition of nitrification, in climax forest ecosystems has been
associated with tannin accumulation (Rice and Pancholy 1973) while
Ellis (1976) described the effects of accumulations of eucalypt
litter extracts on the leaching cf nutrients from forest soils. A
substantial part of the total nqtrient in a forest may also become

bound within plant biomass during forest development which may
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restrict subsequent nutrient supply and forest growth (Attiwill
1971). Changes in understorey development may also decrease soil
temperatures and through this rates of root growth which could

affect forest diebacks (Ellis 1971).

Changes may also occur in a wi@e range of micro-organisms including
fungi, nematodes, bacteria, viruses, mycoplasmas and rickettsias
during the development of the forests. These changes in the
activity of micro-organisms may contribute to or cause diebacks
through a variety of host disruptions includiné feeder root rot,
structural root rot, vascular blockage, phloem dysfunction and shoot
necrosis. The microbial populations, activities and interactions
are also 1likely to be influenced by changing environmental factors,

and host physiology during the development of these forests.

The role of some of these groups of micro-organisms in forest
disease, including nematodes {Ruehle 1973) and viruses (Seliskar
1966, Smith 1972) has been reviewed recently. Fungi of the genera
Cephalosporium and Ceratocystis have frequently been associated with
trees affected by vascular wilts while members of the genera
Pythium, Phytophthora, Fusarium, Cylindrocladium and Cylindrocarpon
have commonly been associated with decay of the fine roots. Hendrix
and Campbell (1973) reviewed the role of Pythium spp. as plant
pathogens while Newhook and Podger (1972) examined the role of

Phytophthora cinnamomi in forest diebacks in Australian and New

Zealand. TFungi of the genera Armillaria and Fomes are often
associated with structural root rots of trees, frequeantly during the

lat_.er stages of tree decline.
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Consequently the dieback of forests was often associated with
moisture stress resulting from either periodic or long term changes
in climatic factors or with an interacting complex of soil,
physiological and microbial factors which limit the ability of the
tree to absorb .adequate moisture relative to its transpirational
demands. Furthermore this review emphasised the dynamic nature of
these interacting factors and forest growth and the need to
investigate the causation of dieback in the context of the natural

development of the forests.

1.2.3 Associations between Cylindrocarpon spp. and Plant Roots

Fungi of the genus Cylindrocarpon have frequently been isolated from

the roots and scil of forests affected by dieback, but their rele in
these diebacks and their pathogenicity generally has remained
illdefined. As a Cylindrocarpon species was isolated from the fine
roots of E. obliqua regrowth trees the following review examined

associations between Cylindrocarpon spp. and plant roots.

The genus Cylindrocarpon Wollenw. contains twenty-seven recognised
species and is common and widespread throught the world (Booth
1966). Species of Cylindrocarpon have been isolated from the root
zone of 2 wide range of plants in associations ranging from: soil
inhabitant, saprophytic litter coloniser, root surface coloniser,
cortical root infecting fungus, root pathogen and even as a

stimulatory synergist and endomycorrhizal symbiont. Cylindrocarpon

spp. have been isolated from the soils of woodland (Tresner, Backus
and Cuxtis 1954), Matturi and Stenton (1964 a + b), Widden and
Pavkinson (9175) and pastures (Warcup 1957, Thornton 1965, Jackson

1665) as well as from the litter of many forest trees. These
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include: ash, birch, hazel (Hering 1965), beech (Caldwell 1963),

Pinus monticola (Brandsberg 1969), aspen poplar (Visser and

Parkinson 1975) and Eucalyptus regnans in Victoria (Macauley and

Thrower 1966), where it was vreferred to by its synonym Hoezia

(Subramanian 1971).

Cylindrocarpon spp. have been reported orn the root surfaces of

forest plants including: Fraxinus excelsior (Kurbis 1937, Kubikova

1963), vyellow birch (Katznelson, Rouatt and Peterson 1962), Fagus
sylvatica (Waid 1974) as well as on wheat and' soybean (Rouatt,
Peterson, Katznelson 1962), bean (Tavlor 1964,1965), lupins
(Papavizas and Davey 1961) and peremnial ryegrass and white clover

(Thornton 1965). Cortical root infection by Cylindrocarpon spp.

have also been reported (Waid 1962, Taylor and Parkinson 1965,
Thornton 1965, Timonin 1966). The. consistency with which

Cylindrocarpon spp. have been isolated from the surface and cortex

of apparently healthy roots has given rise to Cylindrocarpon being

classed as a root "companion" fungus (Kurbis 1937, Garrett 1956).

Cylindrocarpon spp. have also been reported as pathogens on a wide

range of plants. These include alfalfa and sweet clover (Cormack
1937), white clover and ryegrass (Thornton 1965) and red clover

(Ylimaki 1967). Cylindrocarpon spp. contribute to damping off of

pine seedlings (Vaartaja and Bumbieris 1967, Mankea 1970, Magnani
1972) and can cause seed losses (Bloomberg 1966). C. tenue can
cause root rot of coffee in India (Subramanian and Govindarajan
1968) and C. panacis has been reported to cause root rot of Ginseng
(Matuo and Miyazawa 1969). C. destructans has been implicated in
azalea wilt (Cox et al 1969), dieback of alder (Trutor 1947) root
and flower rot of Usambara violet (Gerlach 1961) and root rot of

cyclamens in Holland (Scholton 1964).
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The pathogenicity of Cylindrocarpon spp. is frequently accentuated

in plants stressed by frost (Hart 1965, Bojarczuk et al 1968) or
wounding (Taylor 1956) and in stressed or nutrient deficient plants

with lower root replacement capacities (Peterson 1958, Scholten

1964). Cylindrocarpon spp. have been found to occur freguently, and
act in combination with, other micro-organisms in root rot complexes
including the decline in orange (Martin 1950), avocado (Wager 1942)

and peach (Weaver et a1 1974). Cylindrocarpen spp. have been shown

to dinteract with nematodes (Sutherland and Dunn 1970), bacteria
(Bald and Solberg 1960) and Fusarium (Taylor and Parkinson 1965) in

disease complexes.

Detailed examination of Cylindrocarpon spp. within infected and

diseased roots indicates that the pathogenicity of the fungus is
often related to the induction of vascular blockages. Xylem tyloses
and gummosis were observed in response to Cylincrocarpon ianfection
of Prunus spp. (Govi 1952), GQuercus spp. (Urosevic 1963) and

strawberries (Wilhelm 1958). Wilhelm (1958) found that C.-

@estructans, alone or in association with Fusarium oxysporum or
Phialophora spp., certain actinomycetes and bacteria, may be
pathogenic to strawberries without parasitising the affected root
tissue. He suggested that the fungus may saprophytically inhabit
older roots in which the liberation of fungal metabolites may cause
direct injury to the plant. The zvlem plugging and dysfunction of
strawberry roots could often bz traced to affected lateral rootlets.
Subsequent studies by Kluge (1966) and Evans, Cartwright and White
(1967) confir&lthe production of a phytotoxin by pathogenic strains,
bul not non-pathogenic strains, of C. destructans when grown in
artificial culture. These phytotoxins caused a stunting of

Eucalyptus pilularis seedling growth.
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Under certain conditions, Cylindrocarpon spp. may also form root

associations stimulatory te plant growth. The growth of Fraxinus
excelsior seedlings in sterile soil could be greatly stimulated by
reinoculation with soils containing C. destructans which is part of
the rhizosphere microflora in this plant {(Kurbis 1937). Recently
Paget (1975) reported that C. destructans may stimuiate strawberry
growth in sterile so0il. VWhen inoculated onto strawberries in

combination with the endomycorrhiza E Glomus fasciculatus, C.

3)

destructans was able to stimulate growth and phosphorus uptake by

the plant above that resulting from the E, inoculum. It would appear

3

from these studies that under some conditions Cylindrocarpon may act

like symbiotic endomycorrhizas.

The wide diversity of associations between Cylindrocarpon spp. with
plant root; demonstrate the inadequacy of classifying members of the
genus Cylindrocarpon as either soil, saprophytic or pathogenic
fungi. Consequently detailed investigations need to be conducted of

the Cylindrocarpon sp. isolated from the fine roots of E. obligua to

establish the nature of its associations with E. cbliqua roots and

regrowth dieback.

1.3 DESCRIPTION OF THE PROBLEM

1.3.1 Description of the Eucalyptus obliqua Forests

Much of the concern about the unexplained dieback of former dominant
trees in E. obliqua regrowth forests in Tasmania has arisen from its
variance with what bhas ©been assumed to be “normal" forest
development. Ccnsequently it is necessary to describe aspects of

the forest environment, the development of these forests and the



initiation of dieback symptoms in order that the causation of
dieback can be investigated in relationship to the development of

these forests.
1.3.1.1 Location

These investigations of regrowth dieback were centred on 16,000
hectares of forest in South Eastern Tasmania in which Bowling and
McLeod (1968) had first described regrowth dieback. The forests are
typical of high quality E. obliqua and E. regnans regrowth forests
throughout Tasmania (Felton 1972) and parts of Victoria which are
also affected by similar diebacks. The main study area (Figure 2)
was located within forests of the Lune River catchment at latitude
43%54" south, longitude 146°54' east. These forests comprise a
series of stands of uniform age which range from ore to over 250
years of age. The younger stands have been regenerated from seed
trees or aerial sowing following logging and burning while the
stands over 100 years of age have been naturally regenerated

following wildfires.
1.3.1.2 Tree Species

The predominant tree species in these regrowth forests is E. obliqua
although E. regnans, also of the subgenus Monocalyptus (Pryor and
Johnson 1971) is also common in pure stands of "hybrid swarms" with
E. obliqua (Ashton and Williams 1973). E. globulus cf the subgenus
Symphomyrtus forms an important component of some of these regrowth
forests particularly on the drier sites. E. globulus is only

slightly affected by regrowth dieback (Bowling and McLeod 1968), a

characteristic common to other species of this subgenus in forest
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dicbacks throughout Australia. Detailed descriptions have been
published of the ecology and development of these forests in
Tasmania (Gilbert 1958,1959, Jackson 1968) and in Victoria (Ashton

1958, 1975, &, b, ¢, 1976).
1.3.1.3 Climate

The regrowth forests of Southern Tasmania have a cool moist climate.
Summer maximum temperatures generally range fromli8 to 22°C while
winter minimum temperatures are frequently in the range ¢f 3 to 8°¢.
Diurnal fluctuations of 8-10°C are comnon. . The average annual
rainfall of 135cm occurs as persistent showers on 150-200 days per
year with a slight winter maximum. However, local and seasonal
variations in rainfall and temperatures may be marked depending on.
aspect, exposure, altitude and distance from the sea. Frosts may
occur on 10 to 30 days per year, and light snow falls occasionally.

Mederate to strong winds may be common on exposed slopes.

1.3.1.4. Soils

The soils of the southern regrowth forests wvary widely but have
broadly been mepped as podsols and yellow and grey podzolic soiils
(Nicolls and Dimock 1965). No detailed soil mapping has been
conducted. Parent rock is variable and includes silicecus to
argillaceous sandstones of Triassic age, Permian sandstones,
Jurassic dolemite and limestone (Geol. survey of Tasmania). Surface
soils range from sands and fine sandy to silty loams, to clay loams
above gradational or duplex profiles (Northcote 1971). There are
also areas of deep krasnozem soil formed on dolemite and areas of
deep and friable colluvium. The relationship between soils and

dieback is further examined in Chapter 3.
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1.3.1.5 Forest Development and Structure

The E. obliqua forests regenerate naturally from seed falling onto
ashbed soils after hot slash fires or wildfires. The even aged
stands of E. obliqua regrowth grow rapidly and dcminate the site
colonising stage of forest growth which may last for 50 to 80 years.
Depending on the site quality the regrowth forests start to undergo
progressive structural changes from 40 to 150 years of zge to form
typical mature eucalypt forests. Mature forests are characterised
by a reduction in the numbers of eucalypts and the opening of the
closed eucalypt canopy. In the absence of further wildfires,
forests develop to form cool closed temperate rainforests (Gilbert
1959). Regrowth dieback typically occurs in forests from 50 to 150
vears of age during their transition to mature forests and the

development of the rainforest understorey.

The numbers of eucalypts per hectare dJdecrease naturally during
forest development from over 2500 in five to ten year old pole
thickets to less than 20 in the oldgrowth forests {(Gilberst 1959,
Ashton 1976). The E. obliqua forests grow vigorously in height
during the initial 30-60 vyears with height increments often
averaging one metre per annum (Jackson 1968, Gilbert 1959, Ashton
1975). The age at which height growth begins to decline appears to
be closely related to site quality, with forests on the poorer sites
often curtailing height growth by 30 years of age. The crowns of
regrowth trees during the wvigorous initial growth stage are
typically conical whereas maturing trees are characterised by a
decrease in apical dominance and the expansion, opening and rounding
of the eucalypt crown (Jacobs 1955, Ashton 1975). The crowns of

mature forests have relatively 1low 1light interception thereby
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enabling the development of a closed rainforest substratum under tha

eucalypt canopy (Ashton 1976).

The understorey vegetaticn in these forests consists initially of
fire weed species (Cremer and Mount 1965) and develops into thickets

of Acacia dealbata, A. verticillata, Pomaderris apetala and Gahnia

psittacorum. During the regrowth stage and subsequently with the
opening of the eucalypt canopy the secondary stratum comprising P.

apetala, A. dealbata, A. verticillata, Olearia argophylla, Phebalium

squamosa and Nothofagus cunninghamii normally develops to a height

of 30-40 metres. A dense stratum of ferns: Blechnum procerum, B.

nudum, Dicksonia antarctica plus seedlings of rainforest species

including Phyllocladus asplenifolius, Atherosperma moschatum and

Drimys lanceolata develop near the forest floor. Bryophyta and

lichens are abundant on exposed soils and decayving vegetation.

The growth in the diameter of regrowth trees is also rapid over the
first 40 to 80 years but declines as the forests mature (Gilbert
1959). The basal area, i.e. the cross-sectional area of stems per
hectare at 1.8m height, of the developing regrowth stands alsc
increases in the developing forests. As it incliudes large areas of
dead heartwood this parameter does not reflect the area of growing

sapwood tissue in these forests.

1.3.2 Description of Crown Dieback in the E. obliqua Regrowth

Forests

Dieback of E. obliqua and E. regnans vegrowth forests was first
officially recorded in 1945 in unorth western Tasmania and after a

particularly wet summer in 1956 in north eastern and southern
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Tasmania (Feltcn 1972). However these may not be the first
instances of dieback as unexplained crown diebacks and tres deaths
were common 3in 100 to 150-year-old E. regnans forests in the
Fiorentine Valley (Gilbert 1958). Nineteenth century oil paintings,
old forest photographs and discussions with older forest employees
also indicate that crown dieback may have occurred\in the limited
areas of regrowth forests in existence last century. Crown dieback
is also a characteristic feature of natural mature and oldgrowth
eucalypt forests, most of which have tertiavy or guaternary Crowns
(Jacobs 1955). Consequently it is important to determine whether
the intensification of dieback of former domiﬂant trees in regrowth
forests is a relatively recent phenomena and whether it is distinct
from deaths due to normal competition. Tree deaths due to
competition have generally been assumed to occur in former
subdominant trees due to competition for light or as a result of
preﬁious fires but few regular measurements of individual trees have

been made to verify this assumption.

Symptoms of regrowth dieback first occur on trees from 35 to 150
years of age and initially involve a thinning and death of terminal
shoots. The symptoms generally intensify with time, although the
rate of intensification may vary with site, seasonal and stand
conditions. Partial replacement of dieback affected crowns with
epicormic shots, lower in the crown, frequently occurs but these may
subsequently also die back. Affected trees may take from two to
twenty years to die and no case of complete crown recovery has been
observed. The intensification of dieback symptoms may be arrested,
particularly in some of the former codominant and subdominant trees
with smaller original crowns. Trees with dieback commonly exhibit a

decline in diameter growth from two to ten years prior to the first
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expression of crown symptoms. Consequently the causal factors are

likely to be active well before the expression of crown symptoms.

vBoth the dieback symptoms and the pattern of dieback development in
the regrowth_forests indicate that the dieback may be influenced by
the interactions of numerous factors associated witﬁ changes in the
structure, physiology, stocking and under-storey development of
these forests. The transition of regrowth forests to mature forests
has been described as "one of great physiognomic change" (Ashton
1976) and is likely to provide an important context within which the

aetiology of regrowth dieback needs to be understood.

Consequently this review raises several questions regarding the
cause of dieback and its role in the future development of these

forests.
The questions are:=-

(1) VWhy does crown dieback occur in former dominant and codominant

trees? Is this consistent with normal forest growth?

(2) Has regrowth dieback resulted in, or is it likely to result in,
a vreduction in tree numbers or general crown condition
significantly below that expected in the natural development of

these stands?

.(3) What is the primary agent in the causation of regrowth dieback,

how does it operate and what factors influences its action?
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{4) 1Is regrowth dieback inconsistent with the normal development of
these forests and if so what effective action may be taken to

elimipnate or control it?

Investigations of these four questions constitute the basis of this
thesis. Investigations of the first two questions are described in
the following chapter. Subsequent chapters describe investigatious
into the cause of regrowth dieback and the role of dieback in the

natural development of these forests.



CHAPTER 2

DIEBACK AND THE NATURAL DEVELOPMENT OF E. obliqua FORESTS

The dinvestigations described in this chapter examine the
relationships between regrowthxdieback and the natufal development
of these eucalyptus forests. This is likely to have a major bearing
ou the type of factors primarily responsible for the causation of
dieback as well as the longterm implications of regrowth dieback in
the productivity and stability of these and similar eucalypt

forests. Specifically these investa?tions aim to establish:

(a) Whether crown dieback in former dominant and codominant trees

is inconsistent with the natural development of these forests.

{(b) Whether regrowth dieback has resvlted in, or is likely to
result in, a reduction in tree numbers per hectare or crown
condition substantially below that expected in the natural

development of these forests?
2.1 The Dieback of Former Dominant Trees

Studies in forests (Stern and Roche 1974) and biological systems
generally (Odum 1971) have indicated that genotypes naturally
selected during the site colonising or exponential growth stage may
not necessarily be the genotypes which compete and survive during
the mature or plateau growth stage. Such changes in dominant
genotypes have been implicated in- investigations into the cause of
forest diebacks and succession (Leaphart and WieKer 1966, Ross 1967,

McQueen 1968, Kozlowski 1971, Botkin et al 1972).
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While the crown dieback of the larger, former dominant trees in the
E. obliqua regrowth forests may at first appear inconsistent with
our current expectations of "normal" forest growth this
inconsistency is largely based on the assumption that competition
between trees is predominantly for light, for which the taller
dominant trees are likely to have a competitive ad&antage. While
light may be the limiting factor in many forests at higher latitudes
and during the initial stages of growth, light may not be the
principle factor governing forest competition and selection in
maturing eucalypt forests. Mature, 100 to 150 year old E. regnans
forests with open crowns and ample 1light for the developing

understories were noted by Gilbert (1958) to:

"contain some eucalypts which have recently died or are about to

die presumably because of competition for room in the stand."

Similarly the dieback and death of these larger surviving trees of
similar age were also "fairly common" in E. regnans forests in
Victoria, even though these forests had open crowns and developing
understories iﬁ which competition for light is unlikely to have been
a major factor (Ashton 1975). However the general acceptance that
light is the principal factor governing the selection of dominants
at a2ll stages of forest development has led to the assumption that
even in eucalypt forests '"trees constituting the mature forests at
200 years are likely to have been present at the predominant class

at 40 years" (Ashton 1976).

In contrast, if the moisture relations become limiting to the growth
of maturing trees due to soil factors or root growth rather than

light, markedly different competition and selection pressures may be



expected. Whereas fast growth rates, low root to shoot ratios and
maximum utilization of the unlimited soil and moisture resources may
contribute to the competitive selection of dominants in young
regrowth forests these same features are likely to cause those
dominant trees to be highly unstable in mature forests under limited
moisture conditions. In contrast genotypes with lower site demands,
higher root to shoot ratios and higher tolerances to moisture stress
may be expected to survive better than former dominant trees under

the limited site conditions associated with mature forest growth.

The wvalidity of the latter hypothesis and its implications in the
dieback of former dominant trees was investigated by examining the
forner growth patterns of regrowth trees and surviving oldgrowth

trees.
Materials and Methods

Differences in the pattern of growth of E. obtliqua regrowth
dominants and surviving oldgrowth trecs were examined using growth
ring analyses. Discs were cut at approximately Im from the base of
five dominant regrowth trees affected by dieback and five surviving
oldgrowth trees from the E. obliqua forests in southern Tasmania.
Growth rings were marked on four perpendicular radii which had been
planed on each disc and the mean annual increment in radial growth

was measured and plotted with respect to the age of the tree.
Results and Discussion

Two distinct patterns of tree grewth had occurred in the regrowth

dominant and oldgrowth trees (Figure 3). The annual radial growth
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rate of the former dominant regrowth trees had consistently been
twice that of the surviving oldgrowth trees during their respective
initial 50 vears of growth. In contrast all the currently surviving
oldgrowth trees had had diameters consistent with those subdominant
‘trees in present day regrowth forests during their initial 50 years

of growth.

Furthermore both types of tree underwent a marked decline in
diameter increment growth when they were between 50 and 80 vears of
age. This period of decline was associated with the stage of forest
development and was independent of the date. The period of decline
in the sﬁrviving oldgrowth trees had occurred 100 years prior to the
current dieback of the regrowth trees. The average vadial growth
per annum in the former domiuant trees was reduced from 6mm to 1.5mm
during the period of tramnsition of forest growth from 50 to 80 years
of age. In contrast average radial gro&th per annum in the
oldgrowth trees over this same period of their development was only
reduced from 3mm to 1.5mm. Consequently the relative level of
‘growth reduction during this period of growth transition was greater
in the former dominant trees than the former subdominant trees;
growth rates having been reduced to 25 and 50% of their former
levels respectively. While the actual radial growth rate of both
types of trees during the period of growth transition was the same,
1.5mm/ann., the former dominant trees are likely to have been
subjected to higher levels of stress than the subdominant trees
during the transition from regrowth to mature forests.

Independent growth ring studies of oldgrowth trees in these same
forests indicate that these trees had also grown at a rate

comparable to the subdominant trees in present day regrowth forests
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when they were in their regrowth growth state (CSIRO Division of
Forest Research unpublished). Data from E. regnans forests in
Victoria also reveals that reductions in tree numbers during the
transition from regrowth to mature foresis (from 50 to 80 years of
age) were greater in the predominant crown class (50% reduction of
tree numbers) than in the intermediate crown class (53% reduction in
tree numbers) (Ashton 1976). Consequently it would appear that the
slower growing subdominant trees and not the former dominants
generally survive during the period of forest transition and
continue growth to form the oldgrowth emergents: In contrast the
former dominant trees appear to be subjected to relatively ﬂigh
levels of stress and growth reduction and may be less capable of

surviving under the conditions existing in mature forests.

The failure to previously recognise this aspect in the developmeat
of these forests may have resulted in part from the lack of
continuous measurements oa individual trees during the natural
development of these forests. It was only when the development -of
individual trees were monitored in the same stands over a period of
up to 25 years that Bowling and Mcleod (1968) first recorded
unexplained deaths in the former dominant trees. Such deaths had
previously always been assumed to have occurred in the smaller

suppressed trees (Gilbert 1959, Ashton 1976).

These data also have implications regarding causation of regrowth
dieback. The growth analysis indicate that both classes of trees
are subject to a high level of stress during the transition of
regrowth forests to mature eucalypt forests. Dominant regrowth
trees are subject to a relatively higher level of stress and are

more likely to die during this transition in forest growth than the



former subdominant trees. This stress does notn appear Lo be related
to competition for light but rather to the relative inability of the
trees to maintain their former levels of photosynthesis and growth.
However reducticns in photosynthate resulting from this stress are
likely to have the greatest detrimental effects on the growth of the
root system which is furthest <removed from the source of
photosynthate . This in turn may limit the ability of the root
system to supply adequate water and nutrients to the tree thereby
further reducing photosynthesis, root growth and the ability of the
tree to tclerate stress. Should such a reduoction in photosyathesis
also predispose roots to disease agents a proéressive decay of the
roots may be expected which could lead to dieback and death
particularly iu the more highly stressed trees. Consequently the
dieback and death of regrowth trees could occur naturally without

the involvement of any exotic factor in their aetioclogy.

While it is beyond the scope of this thesis these findings may have
censiderable relevance in forestry breeding programs in which
vigorous dominant genotypes are normally selected rather than slower
growing genotypes.’ Plantations of trees selected for rapid initial
growth may be subject to more stress as site conditions becone
limiting for tree growth than plantations c¢f slower growing

genotypes. This may result in extensive diebacks developing. For

example, Liriodendron tulipifera plantations in Georgia have

developed dieback after initially growing at near maximum rates for
that species (Ross 1967). These studies emphasise the need to
investigate further future disease implicatious resulting from many

of the current forest plantation pregrams.
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2.2 Dieback and the Number of Trees per Hectare

Much of the concern over the unexplained dieback of E. obliqua
regrowth forests in Tasmania has arisen from unceftainty about its
future impact on what we believe to be the normal development of
these eucalypt forests, It is therefore important to assess
critically the current and mos£ probable future impact of regrowth
dieback in relation to natural forest development. This may enable
both its degree of abnmormality and the type of factors with which it
may be associated to be better defined. The following investigaticn
examined the impact of regrowth dieback on the numbers of trees per
hectare and compared these data with published data on the normal
forest density age relationship for similar forests. Ouly where
dieback has resulted in a substantial reduction in tree numbers or
crown condition below that normally expected in healthy forest can
it be suggested that =2n abnormal factor is influencing forest

growth.
Materials and Methods

The number of live trees per hectare in plots of regrowth forest of
various ages and with various intensities of dieback, were compared
with published data of normal tree densities age relationship in
similar forests in Tasmania (Gilbert 1959) and Victoria (Ashton
1975). The former data had been collected from regular measurements
over the preceding 20 to 30 years by Bowling and others and includes
data from stands which have been worst affected by regrowth dieback.
This data was kindly made available by the Commonwealth Scientific
and Industrial Research Organisation, Division of Forest Research

(Unpublished reports).
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Results and Discussion

Ir none of the regrowth forest plots, including those worst affected
by dieback, have the numbers of live trees per hectare fallen below
levels which are regarded as normal for forests of that age (Figure
4). TFurthermore there is no indication from thesé data that the
dieback of regrowth trees will decrease the number of trees pexr
hectare in these forests in the future below that which can be
expected as normal 3in the development of these forests.
Consequently, there is no basis, from this data, to suggest that
regrowth dieback 1is an abnormal condition in the development of

these eucalypt forests.

Much of the concern about regrowth dieback has been based on records
of tree deaths on the plots used in Figure 4. These plots had been
established in the 1950's for the production of a yield table, i.e.
a relationship between the volume of timber in a stand and forest
age, and had selected forest stands of above normal tree densities.
It would appear that the severe dieback on these plots may represent
their return to a more normal stocking {Figure 4). The abnormal
- initial density oif these stands makes them unsuited for forecasting
the future impact of dieback on the normal development of these
forests. In fact the relative levels of dieback in these stands was
substantially higher than that in the surrounding forests with 17
and 49 of the dominant trees having been severely affected by
dieback in the forest plots and surrounding forests respectively

(Felton and BRird 1972).

Undoubtedly the loss of even a small proprotion of the larger trees

represents a considerable commercial loss as these trees represent a
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high proportion of basal area (sq. m wood/hectare). However
estimates of basal area include a high proportion of dead heartwood
and do not accurately reflect the impact of dieback on the current
growth cor stability of these forests. Extreme caution is needed in
forecasting the future consequences of dieback on the productivity
and stability of these forests on the basis of sﬁch basal area

losses (Telton and Bird 1972).

The investigations described in this chapter examined the
relationship between regrowth dieback and the normal development of
these forests with the aim of providing a conéext within which the
impact and aetiology of dieback can be studied. The 'studies
indicate that both the level of dieback as well as the death of
former dominant trees 1is not inconsistent with the natural
development of these forests. Consequently no abnormal or
introduced factor needs to be involved in the causation of regrowth
dieback. While these findings provide a context for the following
investigations into the cause cf regrowth dieback they zlso raise
impoctant questions regarding the growth and stability of different
tree genotypes in maturing forests which warrant further

investigation,



CHAPTER 3

EACTORS ASSOCIATED WITH THE DIEBACK OF E. OBLIQUA

REGROWTH FORESTS IN SOUTHERN TASMANTA

The investigations described in the following chaptér were designed
to examine factors and conditions which may be consistently
associated with regrowth dieback and involved in its causation.
Most of these investigations were conducted in the Lune River
catchment (Figure 2) in regrowth forests which varied from 35 to 90
years of age and had different intensities of.dieback. The methods
used are outlined at the start of each investigaticn and, where
relevant, the results of other published studies on similar diebacks
are also discussed. As these investigations were of a survey nature
and conducted at an early stage in the experimental program they may
not all be complete beyond -this particular context. Further
investigations may be desirable on many of the factors independent

of their association with the regrowth dieback.
3.1 Crown Factors

The crowns of a large number of standing regrowth trees were
visually inspected for factors which may contribute tc dieback. The
crowns of over 30 regrowth trees which had been felled recently were
similarly inspected. Partial defoliation by leaf-eating insects was
the only crown or bole condition detected in these inspections.
Defoliation occurred on trees of all ages and did not appear to be
associated- with tree dieback or severely dieback affected stands.
The defoliation was primarily caused by the Chrysomellid beetle

Chrysophtharta bimaculata (De Little pers. comm.) and similar
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defoliations have been reported in E. regnans regeneration in
Tasmania (Greaves 1965). Defoliation by insects is a common, often
periodic, occurrence in other Australian eucalypt forests (Jacobs
1955, Campbell 1966, Carne et al 1974). Although the levels of
defoliation observed in these forests (Kile et al 1974) may
contribute to stress and predisposition to disease ﬁo evidence was
found to indicate that defoliation is the primary or direct cause of

regrowth dieback.
3.2 Aspect and Soil

Ground and air surveys were conducted throughout the southern
regrowth forests but failed to detect any association between crown
dieback and different topography, drainage courses or road
locations. Dieback trees appeared to be randomly scattered
throughout the stands although isolated cases where groups of trees

were heavily affected were observed.

pieback occurred in trees growing on a wide range of different soils
ranging from krasnozems to shallow yellow podzolics with clay loam
surface horizons and on deeper yellow podzclic soils or colluvium.
The proportion of affected trees and the crown dieback intensity in
similar aged regrowth stands was generally lower on the deeper,
better drained soils. However, severe dieback also occu%%d in older
regrowth stands on deep well drained soils. While the occurrence of
regrowth dieback does not appear to be directly related to either
aspect or soil, particular soil characteristics may contribute to
the intemnsity and age at which dieback develops. These are examined

in the following section.
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3.3 Physical Soil Properties

No attempt was made in these jnvestigations to map and describe the
various soils. Rather differences in physical properties of soils
under adjacent healthy and dieback affected trees and stands were
examnined with the view to defining properties éssociated with
restricted root growth and differences in tree health. These
studies were concentrated on nine forest stands of variable health
most of which were located in the Lune River catchment on yellow

podzolic soils above poorly structured clay subsoils.
Materials and Methods

Soil pits (100cm x 40cm and up to 90cm deep) were dug under each of
35 healthy and 35 dieback affected regrowth trees and the seil
profile in each pit and the depth to any apedal clay subsoils was
described. Soil cores t6cm in diamter and 4cm high) ‘were collected
from the sides of each profile at 15, 30 and 45cm depth and enclosed
in airtight bags for subsequent measurements of soil moisture and
bulk density. The cores were weighed on return to the laboratory
and then saturated by immersion in water and allowed to freely drain
for 2 hours before they were reweighed. Each core was again weighed
following drainage on a pressure mnembrane apparatus at 15
atmospheres pressure and also after drying to constant weight in an
oven. The following parameters were calculated for each soil core

(Table 1):-

{a) the bulk density of each soil based ou the oven dry weight of

the constant volume cores (g/cc).
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(b) an index of the available water holding capacity which was
determined by the difference between the freely drained weights
and weights after drying at 15 atmospheres pressure and was

expressed as a percentage of soil volume

(c) the relative soil saturation in the field at the time of
collection which was the ratio obtained by dividing the field

weight by the weight after saturation and free drainage.

Soil shear strength was also measured to 45cm depth at 40 locations
around each tree with a cone penetrometer to detect the presence of
dense subsoil horizons. Measurements are expressed as the pressure
required to penetrate 45cm of soil. Each of these soil properties
were examined in relation to the percentage of crown dieback in the
trees (tree comparisons Table 1). The soil data was also pooled for
all trees in a stand, irrespective of tree health, and the mean
values related to the mean levels of crown dieback in the larger
trees (plot comparisons Table 1). Crown dieback levels in
_individual trees were based on visual estimates of the percentage of

affected crown.
Results and Discussion

The soils under trees with lcow intensities of crown dieback were
generally friable to a greater depth and had lower bulk densities
than soils from under trees in the same stands with high intensities
of dieback. This was closely associated with a greater depth of
fine root development and was also reflected in the measurements of
shear strength (Table 1). The soil at 45cm depth under dieback

affected trees also had lower capacities fo¥ storing water at



TABLE 1, Soil properties associated with the dieback of E. obliqua

regrowth trees in nine forest plots”.

S0IL PRCPERTY
MEAN OF 70 TREES

UNITS PLOT COMPARISONSb TREE COMPARISONS®

LOW DIEBACK HIGH DIERACX SIGN LOW DIEBACK HIGH DIEBACK SIG

INTENS1TY INTENSITY P0.05 INTENSITY INTENSITY PO.O!

Depth to clay cm 45 25 + 51 13 +
Depth of friable soil cm 47 38 53 24 +
Depth of fine roots cm 34 24 + 38 18 +
Depth of medium roots e 55 45 + 55 46 +
Boron content of fine
roots ppm 7.4 7.1 &.2 6.6 @
Bulk densicies
at 55 cm g/cc 1.27 1.35 1.32 1.03 *

30 cm g/ce 1.37 1.41 1,37 1.38
% water available
at 15 cn % 38 28 + 34 35

3% cm % 37 31 36 33

45 cm % 47 39 + 43 24 +
Soil saturation
at 1% cm Ratio 1.14 1.32 + 1.17 1.25

30 cm Ratio 1.16 1.26 1.14 1.17

45 cm Ratio 1.08 1.22 + . i1.10 1.18
Shear Strength Kg 33 43 + 37 42 +
Redox potential,30cm M.V. 540 547 542 542
pH, 30 ca 5.4 5.4 5.4 5.4

&,

The plots include those examined in figure 4 while the trees
examined were mostly dominants which were either visually healthy
of severely affected by dieback.

In the plot comparisons data for all trees in those plots with low
intensities of dieback were compared with data for trees in plots
with high dieback intensities. Plots with low dieback intensities
had less than 10% mean crown loss on dominant and codominant trees
whereas plots with high intensities had greater than 20% mean crown
loss,

in the tree comparisons all trees which currently had less than 20%
of their crowns affected by dieback were compared with trees with
greater than 30% crown loss irrespective of their location i.n the
fiine plots.
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tensions which may be available to plants than soil from similar
depths under healthy trees. While differences in physical soil
properties may contribute to the intensity and age at which dieback
develops in individual trees dieback was also found to occur in

trees in older forests on sites with deep friable soils.

The soils under regrowth forest stands with low intensities of crown
dieback similarly had deeper friable soil, deeper proliferation of
fine roots and lower shear strength measurements (Table 1) than the
soils under stands with high intensities of diebaék. The soils from
forests with low dieback intensities also had greater capacities of
storing water at tensions likely to be available to plants: and had
lower moisture.contents when collected thaa soil from under plots
with high intensities of dieback. The physical properties of soils
appear to influence the age at which regrowth forests developed
dieback symptoms. Young, 35 year old forests on shallow compacted
soils were often more. severely affected by dieback than clder
forests of 150 vyears of age growing on a deep well drained

Yrasnozem.

The physical properties of the soils appear te be closely associated
with the amount and depth of proliferation of the fine roots of
regrowth trees and influence the quantity of water available for
transpiration by the tree. Consequently the physical properties of
the soils may be important in influencing moisture stress in
regrowth trees and their predisposition to dieback. However
vhysical soi} properties, by themselves, do not account for why some
trees survive even in adverse soil microenvironments while others
are affected by dieback even in deep well drained soils.
Furthermore the regrowth forests have grown vigorously on these same

soils and it is difficult te conceive how these soil conditions can
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change %o be the sole cause of dieback in scattered trees.
Consequently while the physical properties of the soil are likely to
be dimportant in accentvating moisture stress and predisposing
regrowth trees to dieback it is unlikely that those soils properties

are the sole or primary cause of dieback in these forests.

3.4 Chemical Soil Properties

The regrowth forests of southern Tasmania had grown vigorously
during their first fifty years of growth and it is likely that
adequate nutrients had been available over this period particularly
for the dominant trees now affected by dieback. No symptoms of
nutrient deficiency were apparent in affected trees. Consequently
no comprehensive studies were conducted on the nutritional status of
soils from these forests. However exploratory measurements were
made of soil pH and redox potentials as well as of boron
concentrations in the fine roots as the latter had been associated

with increased root rot and dieback (Snowden and Jehne 1975). ".

Materials and Methods

The pH and redox potentials were measured in each of the soil cores
collected in studies of physical soil properties. Measurements were
made at 20°C in a 1/3 socil-water slurry with a pH meter with glass
electrodes. Boron concentrations were determined wusing the
technique of Dothie (1969) in subsamples of eucalypt fine roots
which had been excavated in the soil pits “dug for the previous

study.
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Results ard Discussion

Neither the pH nor redox potentials of scil collected from trees or
forest plots of different health differed significantly (Table 1).
However the boron content of the fine roots from E. obliqua with low
intensities of dieback were higher than those from ﬁrees with high
intensities of dieback. Further studies are needed to define the
role of nutrient stress in the predisposition, initiation and
intensification of dieback. Particular attention should be directed
at studies of the phosphorus available for tree growth at this stage
of forest develcpment as Attiwill (1971} has shown that much of the
phosphorus in maturing E. obliqua forests in Victoria is fixed in
organic matter and may not be available for tree growth.

3.5 Seasonal and Microclimatic Factors

A variety of microclimatic factors may influence tree growth and
dieback development in these forests.The initiation and
intensification of dieback in the regrowth forests has been
associated with seasons of excessive high or low rainfall which may
result in either wateriogging and moisture stress particularly in
the forests on shallow soils which are also most affected by
dieback. * Crown dieback in the regrowth forest plots in southern
Tasmania was first observed soon after a particularly dry season in
which only 57% of the mean rainfall was recorded (Bowling and McLeod
1968). Increased dieback has also been recorded following

excessively wet periods (Felton 1972).

However, periodic wet and dry seasons have occurred previously

during the develcpment of these forests and it is probable that the
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forests have had to withstand and recover from previous short term
deficits in rainfall or periodic waterlogging. The dieback of trees
on the deeper soils with better storage of moisture as well as the
failure of trees to recover from dieback on return to more
favourable moisture couditions also suggests that seasonal climatic

factors may not be the sole cause of regrowth dieback.

The temperatures in the surface soils of regrowth forests may also
be an important factor in the growth and health of these forests.
Surface soil temperatures are generally low, from 3 to 8°C in winter
and 8 to 15°C in summer (Madden pers. comm.) but may vary
considerably depending on canopy shading, litter depth and soil
moisture. Low soil temperatures have been shown to limii rates of
fine root growth (Cremer 1975), contribute to an imbalance of root
and shoot metabolism (Ellis 1971) and may influence the activity of
a wide range of beneficial and pathogenic soil micro-organisms.
While the trees may be adapted for growth at the temperatures
prevailing in regrowth forest soil, any major change in soil
temperatures associated with climatic or understorey development may
influence the initiation of dieback (Ellis 1971). Consequently
changes in microclimatic facters in these forests may greatly
influence the stress, growth and susceptibility of the fine roots of
regrowth trees to infection and thereby contribute in the causation
of dieback. Further studies of the influence of these factors on
predisposing E. obligua seedlings to root infections are outlined in

subsequent chapters.
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3.6 The Fine Root System of E. obliqua Regrowth Trees

The fine root system of E. obliqua regrowth trees appears to be the
i)rimary plant tissue affected by many of the soil, microclimatic
physiological and microbial factors which may be associated with
dieback. Consequently investigations were conducted of the health,
depth, extent and growth of the fine root system of regrowth trees
to examine possible wmorphological, competitive or p;thological
conditions which may be associated with root dysfunction, drought

stress and the initiation of dieback.
Materials and Methods

The fine root systems of E obliqua regrowth trees which were at
initial stage of dieback, but were growing in forests typically
affected by dieback, were. examined in a series of coring studies,
as well as by the partiai exca.vation of the surface root system of
over 40 other regrowth trees. ® Roots were also inspected in numerous
soil pits and road cuttings. Intact soil cores were collected in
steel sampling tubes of various diameters. Each core segment was
soaked in 1% Calgon clay dispersent and gently washed on 0.5mm
sieves to expose the root systems. The roots were sorted into
species and health using the criteria described below and were then
ovendried and weighed. Tk}ese measurements were used to provide a
general assessment of thé following root characteristics.

(a) Health

The health of the E. obliqua fine roots was determined in some of
the' root studies using criteria adopted from Leaphart and Copeland

(1957). Eucalypt roots were classed as healthy if they contained a
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firm, moist stele irrespective of the condition of the voot cortex.
Roots were classed as diseased if the stelar tissue was heavily
stained and occluded, dry, brittle or obviously rotted. The health
of the fine roots was also tested by incubation in 1% tetrazolium
chloride, in which only hLealthy 1live roots developed a red

coloration.
(b} Depth

The depth of the fine roots system of E. obliqua regrowth trees was
examined using soil cores of 5cm diameter wﬁich were taken to a
depth of Im at 32 locations within a 4m radius arcund two regrowth
trees. The roots from each 10cm segment in each core were washed
free of soil and sorted into eucalypt and understorey species using
the criteria described in Table 2. The health of the eucalypt roots

was also determined.

{c) Extent and Root System Overlap

The extent of the fine root system of regrowth trees was determined
by examining the fine root distribution along a transect from a
healthy regrowth tree to a recently killed tree and on to another
healthy tree. The trees were well separated from other regrowth
trees. If the fine root system of E. obliqua regrowth trees occurs
in a discrete zone around each tree the healthy fime roots along
this transect should include a gap formerly occupied by the roots of
ﬁhe recently killed tree. In contrast, if the root svstems normally
overlap, no such gap would be expected. .If the root systems are
discrete then the extent and growth pattern of the fine root system

may also be discernable along this transect.



47a

TABLE 2. Characteristics used in the identification of the fine TOOtS
of plents in the E. obliqua fovests,

4+ positive, 0 negative, - not examined

Plant Species

EXTERNAL CHARACTERTSTICS

COLQUR FORM NODULES

INTERNAL CHARACTERISTICS

COLOUR SMELL AEREN. STAXIN

WYRB TFH WYG S N
Eucalyptus obliqua + + * 0 + + 0
: Pomaderris apetala + + f] + s +
Atherosperma moschatum + + o] + % 4
Acacia verticillata + + + + o+ < -
Acaciz dealbata + % + o+ % -
Acacia melanoxylon + + + + & + -
Meglaleuca squamosa + o+ + + 4 & -
Pittosporum bicolor + o+ + 0 + + -
Drimys lanceolata + + ) ' < -
Oleariaargophylla + 4 + 0 4 + + -
Coprosma billardieri + + + 0 + + -
Blechnum procerum + 4 + + -

* SMELL S = SPICY ON CRUSHING, N = NEUTRAL
COLOUR W = WHITE, Y = YELLOW, R = REDBROWN, B = BLACKBROWN, G = GREEN
FORM T = THICK FLESHY ROOTS, R = THIN FIBROUS ROOTS, H = HAIRY RCOTS
AEREN.-Aerenchyra type tissue in root stele

STAIN- Brcown stain when incukated in water
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Triplicate soil cores were taken to a depth of 30cm at each 50cm
interval along the transect between the three trees. The dry weight
of healthy E. obliqua fine roots and understorey roots in each core

was related to the location between the two healthy trees.

(d) Understorey Competition

Competition between the fine roots of understorey species and E.
obliqua regrowth trees was examined in several of the coring studies
by comparing the weight and length of various fine r&ots. Fine
roots in each core were classified into species with the aid of
criteria simi%ar to those described by Gilbertson, Leaphart and

, ;

Johnston (1961)(Table 2). The criteria were based on detailed
inspection of fresh and p;éserved fine root material from each of

the plant species growing in these forests and included root colour,

morphology, bark structure and particularly smell.
{(d) Root Growth

The rate of fine root growth in E. obliqua regrowth trees relative
to that of wunderstorey plants was examined in several soil
recolonisation studies. Initial studies examined the recolonisation
of fine roots of different species into soil pits which had been dug
and refilled 32 months pfeviously (Chapter 3.3). Subsequent studies
examined the recolonisation of soil cores which had been cut around
two healthy regrowth trees to 30cm depth with a 15cm diameter tube
and left in situ. The length and weight of fine roots of different
species which were recolonising the top 20cm of soil in each precut
core were used as an index of the relative rate of fine root growth

in the E. 6bligua regrowth trees and the understorey flora.
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Results and Discussion
(a) Health

Very few active roots with white unsuberised tips were found in the
soil pits or cores in a range of regrowth forests (Chapter 3.3).
In contrast healthy white root tips were abundant in seven year old
E. obliqua regeneration on similar soils. Ectomycorrhizal rootlets
were common in the surface organic horizons of regrowth forests but
were uncommon in the deeper mineral soil. Non mycorrhizal fine
roots of regrowth trees frequently were stained red and had vascular
blpckages and gummosis even though the roots'remained firm.'
ileasurements of root health in all of these studies indicate that
‘gver 40% of the dry weight of fine roots, less than lmm in diameter
from E. .obliqua regrowth trees with initial symptoms of crown
dieback were moribund with consistent staining and vascular
blockages. It would appear that substantial deterioration of the
fine root system occurs prior to the expression of symptoms of crown
dieback. Consequently, the factors responsible for the
deterioration, staining and blockage of the fine roots of healthy
regrowth trees may be directly associated with the dieback of these
trees.

(

(b) Depth

©Over 75% of the fine root system of regrowth trees which were
growing on the yellow podzolic soils occurred in the upper 10cm of
the soil profile while 99% of the fine roots occurred in the upper
20cm of the soil profile. However profiles exposed in soil pits and

road cuttings indicated that some fine roots may occur to depths in
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excess of Im in deeper alluvial soils. Healthy fine roots of
understorey species occurred at depths in excess of 1m even on the
wvellow podzolic soils. Consequently these results and those from
the pit excavations (Chapter 3.3) indicate the fine roots of E.
obliqua regrowth trees were frequently restricted to the surface
s0il horizons particularly in the yellow podzolic soils with dense

subsoils.
{c) Extent and Root System Overlap

Examination of healthy fine roots along the transect between the two
heélthy regrowth trees indicated that over of 95% of the fime root
system of each tree occurred within a 4m radius of the stem. The
extent of the fine root system appeared to correspond aéproximately
with crown spread and very few roots encroached into the soil volume
‘of the adjacent tree (Figure 5). Healthy fine roots were common at
the periphery of each root syétem and appeared to be recolonising

“

the soil volume formerly occupied by the roots of the dead tree.

These observations on the depth and extent of the finé root system
of E. obliqua regrowth trees in Tasmania are consistent with other
studies on the roots of E. regnans in Victoria by Ashton (1975)These
studies indicate that the fine root systems of regrowth trees and
consequently the volume of soil exploited for water and nutrient
uptake, is severely restricted, particularly in the yellow podzolic
soils. This may be a major condition in predisposing these trees to

periodic drought stress and crown dieback.
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(d) Understorey Competition

¥ine roots of understorey species, particularly Pomaderris apatala,

consistently comprised very high proportions (50 to 80%) of the fine
root biomass‘in the regrowth forests (Tables 3 and 4). This is in
contrast to the above ground basal area of understoréy vegetation in
these same forests which comprises 13% of the stand (CSIRO, Division
of Forest. Research unpublished). Similar ratios of E. regpans and

Pomaderris asperma fine root biomass have been reported in regrowth

forests in Victoria (Ashton 1975).

It would appear that the fine roots of eucalypts in regrowth forests
are subject to high levels of competition from the developing
rainforest flora which dominate the fine root environment of these
stands even though the eucalypte stiil maintain crown dominance.
These changes in the ecology of the fine roots occur in advance of
dieback svmptoms or cénopy change and wmay determine subsequent
successional development above the ground. Consequently the fine
root system appears to be the primary site for the initiation of the
decay, and moisture stress associated with regrowth dieback and the
subsequent succession of the regrowth forests to temperate

rainforests.

The fine roots of understorey species appear to have a competitive
advantage over that of the eucalypts in these regrowth forests which

may be due to:

"(a) The fine roots of understorey species being less severely
affected by root decay, staining and vascular blockages than

those of E. ohliqua.
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TABLE 3 The biomass of E ob]lgua and unce1storey fire roots in cores from
- * the surface so;) around two' healthy regrowth trees.

mean of 4 cores

Tree No. Period of  %Crow Core size Dry wt of feeder rootsin.cores (g) % of Toots
decline dieba Lk . E.obliqua Understcrey Total E.obliqua
. 3 ]
2 13 10 5300ca 1.55 15.52 17.07 9
393cm® 0.489 1.352 1.841 27
3 L7 0 5"‘00cm3 6.37 c
° 37 8.55 14,93 43
2
3%3cm 0.531 0.791 1.328 40

Years since the start of diameter growth decline from measurements of increment cores.



51b
W

’ 7
TABLE 4 Recolonization of soils under healthy regrowth trees by the

fine. roots of E. obliqua and understorey species.
A. The recolonization of soil pits excavated 32 months previously.
B. The recolonization of .soil cores-.excavated 1 month previously.

PITS 5.4 x 10% cm® CORES 5.3 x 10° cm®

A. FOREST % CROWN DW OF NEW ROOTS(lmm diam. (g) %OF NEW RODTS
AGE  MEAN DIEBACK OF  E. obliqua UNDERSTOREY TOTAL BELONGING 7@
YEARS DIEBACK  TREE AND ITS . E. obliqua
IN STAND*  DOMINANCE ~
67  LOW 20 13.8 12.8 26.6 52
. e DOMINANT
SLIGHT 20 8.0 17.7 25.7 51
‘ DOMINANT
SEVERE 20 4.5 14.1 18.6 24
DOMINANT
SEVERE 20 a3 37.3 46.6 20
DOMINANT ’
SEVERE 20 10.5 15.6 ° 26.1 40
SUBDOMINANT
76  SEVERE 0 7.4 13.6 21.0 35
DOMINANT
92  SEVERE 0 0.3 50.7 51.0 0.6
DOMINANT
INTENSE 20 5.9 27.7 33.6 18
DOMINANT
B. LENGTH OF NEW ROOTS (MM) TOTAL IN 4 CORES
67  SEVERE

10 " 29 63 92 32

0 98 450 548 18

4 Dased on visual assessuent
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(b) The fine roots of understorey species being able to grow and

survive at greater depths in these soils than those of E.

obliqua.

Both of these factors are likely to enable the understorey species
to maintain higher water and nutrient uptake and tolerate periodic

drought stress better than E. obliqua regrowth trees.

The restriction of the fine roots of E. obliqua to the surface
horizons of these soils may in part result from the relative
intolerance of E. obliqua roots to periodic waterlogging (Boden
1962, Podger and Batini 1971). Tolerance to partially anaerobic
soil conditions has been associated with the production of various
morphological (Kosceev 19;3, Boden 1962, Chapter 4.2), anatomical
(Burstrom 1965, Greenwood'1§69, Armstrong and Read 1972, Hook et al
1972) and biochemical adaptations in plants (Grineva 1962, Crawford
1967, Lambert 1976). If some of these adapations occur in the roots
of the rainforest flora but not those of E. obliqua this may account
for the greater depth of root proliferation observed in the

rainforest species.
(e) Root Growth

Re-excavation of roots in old soil pits and measurements of the
recolonisation of in situ soil cores revealed that 1less than

half of the fine roots were eucalypt and that the proportion of
eucalypt roots relative to those of understorey species may decrease
with increasing age of the regrowth forest (Table 4). These results
are consistent with the studies of unders£orey competition and

C
studies by Ashton (1962, 1975) on the changes in the proportion of
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fine roots belonging to E. regnans and Pomaderris asperma during the

transition from regrowth forests to mature forests in Victoria.

While further investigations on the fimne root systems of E. obliqua
regrowth forest are desirable these studies reveal several aspects
which are likely to be highly relevant to investigations of the

causation of regrowth dieback. These are:

| =1

1. The restriction and decay of the fine root systems of
obliqua regrowth trees occurs in healthy regrowth trees in

advance of the onset of crown dieback symptoms, -

|

2. The root decay, roo# restriction plus the high level of
competition from undérgtorey flora are likely to contribute to
a decreased capacity of regrowth trees to take up adequate
water and nutrients particularly during periodic drier periods
or from the shallow soils with lower storage capacities for

available water.

3. These changes in the fine root systems are likely to predispose
regrowth trees with the highest demands for water and nutrients

to higher levels of drought stress.

While factors which limit the size and competitiveness of the fine
root system may be important in the induction of drought stress and
regrowth dieback, many of the factors examined above have existed
throughout the development of these forests and may.not solely

account for the progressive decline of trees even after a return to

favourable growing conditions or the death or removal of competing



trees. Also the restriction of tbe root svstem cannot fully explain
instances of dieback on deep friable soils or the survival of
individual healthy trees in severely affected stands on shallow

soils.

Soil, stress and competition factors cannot fully exflain the cause
of the high levels of fine root decay which occurred prior to the
intensification of °~ dieback. Consequently investigations were
conducted on the possible involvement of pathogenic micro-orgsnisms
in the discoloration and decay of E. cbligua root systems. While
the remainder of this thesis has concentrated on these
micro-organisms it is impertant that their pathogenicity and role in
regrowth dieback must always be considered ﬁn)relation tc the many

associated factors described above.

3.7 Micro-organisms Associated With Root Rot of E. obliqua

Regrowth Trees

As the high level of staining and decay in the fine roots of E.
obliqua regrowth trees appears to be a primary factor directiy
associated with the initiation of dieback, investigations were
conducted of the factors and agents which may be responsible for
this decay. These investigations were aimed at isolating possible
pathogens and examining their involvement in root decay and dieback.
Further detailed studies were later conducted on some of these

potential pathogens.
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3.7.1 Rot of Large Structural Roots

As an Armillaria sp. had been repofted on the roots, collars and
lower boles of E. obliqua regrowth trees which had been severely
affected By dieback (Bowling and McLeod 1968) studies were conducted
to examine the association of Armillaria root rot and other
structural —root rots with regrowth dieback. Rhizomorphs of
Armillaria spp. and sapwood decay on standing dying trees and fallen
timber are regarded as ubiquitous throughout wet sclerophyll forests
in Tasmania (Felton 1972) and the following studies were conducted
mainly to assess whether Armillaria spp may be regarded as a primary
faptor in the initiation of root decay and dieback in these regrowth

forests.
Materials and Method

The root collar around 33 regrowth trees which were growing in two
dieback affected and one predominantly healthy regrowth stands were
partially excavated‘to expose five to ten roots per tree. These
were examined to determine the occurrence and characteristics of
Armillaria and other structural root rots. Root samples were
collected from each tree and root tissues which had been surface
sterilised for 30 seconds in 95% ethanol‘were plated onto agars for
the isolation of fungi. The agars included: 2% malt (Oxoid);
potato dextrose agar (0xoid) and a chemically defined medium

(Appendix 1).
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Results and Discussion

Two structural root rots were apparent. The first, a white soft rot
of the sapwood, was associated with Armillaria spp. on the basis of
rhizomorphs, mycelial fans, zone lines and the isolation of a fungus
consistent with descriptions of cultures of Armiilaria spp. on agar
plates. TLocalised white lesions with soft rot occurred on the roots
of trees of all health classes but only increased markedly on trees
already severely affected by crown dieback (Table 5). Infectious
were alsc found on moribund structural roots even in seven year olid
trees in younger forests. While rot of the sfructural root sapwood
is 1likely to contribute to the final death of dieback affected trees
its low level of development on trees in the early stages of dieback
suggests it is unlikely to be the primary causal factor in regrowth
dieback of E. obligqua in these forests. There was also no evidence
that rot of the structural roots by Armillaria was associated with
the marked discoloration and decay of fine roots prior to the

initiation of dieback symptoms.

The second structural root decay involved the staining and blockage
of xylem vessels in the larger roots of regrowth trees. This decay
was similar to pathological heartwood (Shigo 1973) and c¢ccurred in
the bole and proximal end of roots in trees of all ages. A Graphium
sp was consistently isolated from the fresh margin of the affected
tissue. Its ability to reproduce decay was not tested. No
association between the extent of this decay and the level of crown
dieback was apparent in the trees sampled (Table 5). The decay was
restiricted to the central tissue of large roots and did not appear

to be associated with the decay and staining of fine roots.



TABLE 5

Rot of the structural root system of regrowth E. obliqua
at different stages of dieback development.

DIEBACK CLASS No. OF Mo. OF

'% OF ROOTS WITH

WHITE SAPWOOD ROT

RED VASCULAR OCCULUSIONL

% OF CROWNS  TREES ' ROOTS . ARMILLARIA SP %ROOTS %0F ROOT % ROOTS % OF ROOT
AFFECTED EXAM. EXAM. SURFACE PRIMAR\; WITH DECAY CROSS SECTION WTITH DECAY CROSS SECTICH
RHIZOMORPHS INFECTION AFFECTED# AFFECTED*

0-10 8 73 30 10 5 7 42

(Healthy)

11-30 7 54 22 33 9 80 27
31-50 3 25 28 44 13 76 30
51-70 8 63 22 43 8 89 35
71-100 7 57 47 . 72 47 88 33
MEAN 30 40 16 81 33
TOTAL 33 272

I - TYPICAL OF ARMILLARIA TYPE INFECTION

II - TYPICAL OF GRAPHIUM TYPE INFECTION

.. X — Percentage of total roots examined

+ - Direct evidence of rhizomorphus infecting sapwood
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3.7.2 Fine Root Decay Micro-organisms

The presence of potentially pathogenic nematodes and fungi which may
be associated with the decay of the fine roots of regrowth trees was
examined in soil and roots <collected from regrowth forests.
Diebacks in Australian forests have frequently been associated with

isolations of Pythiaceae from soil, particularly Phytophthecra

cinnamomi (Podger 1965, Jehme 1971, 1972, Pratt et al 1972, Newhook
and Podger 1972) and particular attention was paid to the possible

involvement of these fungi in the decay of fine roots and regrowth

dieback.
Materials and Methods

Soil and fine roots were collected from throughcut the southern
regrowth forests and examined for the presence of particular
micro~organisms using the following techniques. Each soil or root
sample consisted of five to ten subsamples from the surface 20cm and
was bulked and stored and 2°C for minimum periods prior to

examination.
(a) Baiting for Pythiaceae

Over 250 bulked forest soil and root samples were baited for the
isolation of Pythiaceous fungi using either lupin radicles (Chee and
Newhook 1965), E. sieberi cotyledons (Marks and Kassaby 1974) or
lupin leaves {Waterhouse and Stamps 1962) aw baits. In all cases
the baits were floated or suspended on the surface of soil which had
been saturated with deionised distilled water and incubated for two

to five days at 22°C.  The baits were then removed, surface
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sterilised in 1% sodium hypochlorite for thirty seconds and plated
onto selective P10 VP agar (Tsao and Ocana 196§9). Pythiaceae
isolated from the baits were subcultured onto potato dextrose,

cornmeal and lima bean agars (Oxoid) for identification.
(b} Root Plating Studies

Extensive plating studies were conducted with fine roots to isolate
any potentially pathcgenic fungi. E. obliqua roots which had been
traced back to their tree of origin were collectéd from the forest,
surface sterilised in the laboratory in 1% sodium hypochlorite for
30 seconds and plated on various selective agars. Over 2500 }g.
obliqua root tips were plated on P10 VP agar for the isolation of
Pythiaceae, particularly P. cinnamomi. A similar number of root
tips were also plated on a range of agars including 2% water agar
(Davis), potato dextrose agar (0Oxoid) and an agar selective for
Fusarium (Denis et ai 1966). Fungi growing from these roots
following two to ten days incubation at 22°C were plated onto potato

‘dextrose agar (0x0id) for identification using the keys of Barnett

and Hunter (1972).
(¢) Root Incubation Studies

A root incubation technique was developed which enabled slower

growing fungi, including Cylindrocarpon species, to be isolated from

the fine roots of E. obliqua. Fine roots (5-20g wet weight), either
from the field or glasshouse, were washed, surface sterilised (1%
sodium hypochlorite for 30 scconds) and incubated at 10°C on sterile
moist filter paper in plastic trays. Following ten days incubation

the roots were examined at x 30 magnification for characteristic



conidiophorezs of fungi including Cylindrocarpon. The lower

incubation temperatures and the sole reliance of the sporulating
fungi on naturally available substrates from within the colonised

root retarded the rapid proliferation of Penicillivm, Mucor and

Trichoderma conidiophores which had frequently obscured slower

growing fungi, including Cylindrocarpon, in the agar plate studies.

Cultures of sporulating fungi were obtained for identification by

needie transfers of conidia.
(d) Nematode Extraction

Nematodes were extracted from E. obliqua forest soils using the
Baermann funnel! technique (Goodey 1963). Forty five' soils
representing forests of different age as well as contrastiag healthy
and dieback regrowth trees were examined for the numbers and types
of nematodes which were identified using the keys ard descriptions

of Mai and Lvon (1975).
Results and Discussion

Pythiaceae: Several Pythium spp. were commonly isolated from the
baits of forest soils (Tables 6 and 7) and infrequently from the
surface sterilised fine root tips of E. obliqua regrowth trees
(Table 7). While Pythium spp. are an important component of the
soil microflora, none of the Pythium spp. were isclated with
sufficient frequency from roots to be regarded as the primary
pathogen causing root decay of dieback trees. However, fine root
infection by Pythium spp. may contribute to root decay of regrowth
eucalypts and warrant further investigation. The pathogenicity of
Pythium spp. and their involvement in such root rot ccmplex has been

reviewed (Hendrix and Campbell 1973).
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TABLE 6. Summary of the isolations of Pythiaceae from forest soils
using the lupin baiting technique (Chee and Newhook 1965).

- Absent + Present ++ Common
FOREST AGE . NO. OF NO. OF SOIL % OF SOIL OTHER
AND HEALTH FOREST STANDS SAMPLES POSITIVE FOR Phytophthora Pythium SEP
(YEARS) EXAMINED BAITED 2_. cinnamomi. SPECIES
i. 5 1 4 25 . - +
2. 40 1 3 33 - +
3. 55 1 10 ) 0 - e
4, 60-70 3 38 3 + +
Healthy
‘5., 60-70 9 69 7 + ++
' pleback ’
/6. 80-90 3 41 12 _ +
7. Oldgrowth 3 12 8 - +
. forests 200+ . S
8. Heathlands 8 26 ' 8 - +
TOTAL 29 203 8




TABLE 7 1Isolation of pythiaceae from the fine roots of regrowth forest trees

% isolation on PIOVP agar
Forest Month of No of trees No of root

. X Sterilisation
Type Sampling Sampled tips plated P. cinnamomi Pythiaceae®
E. obliqua January 6 63 0 0 2.4
~dieback March 8 881 + 0 <1
affected May 7 140 0 0 48.0
stands . 140 + 0 16.0
August 10 200 + 0 16.0
October 10 200 0 0 80.0
December 2 110 + 0 16.0
E. obliqua January 1 10 0 0 70.0
healthy March 5 363 + 0 4.0
stands May 5 100 0 0 41.0
100 + 0 2.0
August 7 140 + 0 21.0
October 10 200 0 0 71.0
E. globulus August 7 140 + 0 25.0
healthy
trees
Banksia January 21 100 + 38 frequent
marginata to May,
diseased
heath

*16 nain cultural groups isolated

968
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Phytophthora cinnamomi: P. cinnamomi was isolated from the lupin

root baits in 8% of the forest soil and root samples (Table 6).
These include soil samples collected under forJests of a range of
different ages and from under both dieback and healthy trees in 8
different regrowth forests. P. cinnamomi isolations were higher
in the soils of young forest and heathland than regrowth forests. In
no instance was P. cinnamomi isolated from the very extensive
plating of surface sterilised fine roots of E. obliqua specifically

conducted for this purpose (Table 7). This is in contrast to fine

roots of Banksia marginata amd Epacris impressa from adjoining

heathland which had been plated using identical techniques and from

which P. cinnamomi was isolated in 389 of the root samples.

The failure to isolate P. cinnamomi from any of the fine roots of
regrowth E. obliqua indicé{:é:s that P. cinnax‘nomi is unlikely to be a
consistent or major factor in fine root rot in these E. obliqua
regrowth forests, It may contribute to the death of plants in
adjacent heathland. The low soil temperatures occurring under
regrowth forests, as distinct from those under heath, are also
considered to be too low for the active development of this fungus
(Roth and Kuhlman 1966) although strains of the fungus which are
tolerant of low temperatures have been reported (Zentmyer et al

1976).
Nematodes

High numbers of nematodes were extraced from the forest soils,
including members from 10 potentially pathogenic genera (Table 8).
No relationship was apparent between the presence or increased

frequency of any particular genus and the occurrence of dieback.
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TABLF. 8 Isolation of Nematodes frem the soils of
E. obliqua forests of different age.
4+ present  ++ common 4 very abundant * H = healthy, D = dieback
FOREST AGE (YEARSS
* HEMATODE GENUS 1 ‘ 7 35 535 67 &0 150 250+
% TREE
HEALTH H D H D H D R D
No. of Trees
Examined 4 4 2 2 2 2 7 10 2 2 4 4

Ditylenchus + L 0 i S o oo 2o S b i e o S ol o o S o o +&
I'Cricenomoides KRR A
Tylenchus + + + + + 4 + ++
Rotyienchus + +
Belanolainus + + + +
: Aphelenchus + + * +4
Aphelenchoides +- + + <+ +H - +
Pratylienchus + + R -+
Hoptlotylus + +
Paratylenchus T+
Dorylaimus ++ + = o+ 4 ++ 4+
Mano nchus + + o+ 4+ 4 H H o+ + +
Rhabditis R T T R S A S SR S 3 4+ +H
Panogrolsimus + + + +H+ +
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Members of the Cricenomoides were common in soil of 67 year old

regrowth forests under both healthy and dieback affected trees.

The common direct and indirect involvement of foot infecting
nematodes in root rot complexes of forest trees has been reviewed by
Ruehle (1973) and it is possible that the numerous nematodes of root
infecting genera isolated from these soils may contribute to dieback
development. Nematodes have previously been described as parasitic
on eucalypts in Australia (Meagher 1968) and Brazil (Lordello 1967).

Species of Cricenomoides have been associated with root rot

complexes in' peach (Chitwood 1949, Mojtahedi and Lownsbery 1975),

plum (Braun et al 1975) and Pinus echinata (Jackson 1970). TFurther

investigations need to be conducted into the role of nematodes,

including member of the - ‘Cricenomoides, in the root rot of E.

v

obliqua.

Moniliales and Other Root Infecting Fungi

Plating of surface sterilised E. obliqua fine root tissue on a range
of agars resulted in the isolation of numerous fungi including

members of the genra Fusarium, Cephalosporium, Acremonium and

Cylindrocarpon (Table 9). Isolation frequencies of potential

pathogens were often low with this technique with only three of the

plated root pieces plated yielding Cylindrocarpon isolates.

In contrast root incubation consistently resulted in the isolation

of Cylindrocarpon conidiophores from the fine roots of trees of all

ages but particularly those from regrowth forest (Table 10).

Cylindrocarpon sporulated from the roots of both apparently healthy

and dieback affected trees. Sporulation was most prolific on
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TABLE 9 Summary of fungal isclatioms from surfaced sterilized fine
roots of E. obliqua regrowth trees.

Isolations from !3 trees in dieback affected forests.

O=absent +=present ++=common +++=abundant

FURGT ISOLA’I‘ED* PLATING ON AGAR BAITING WITH HGST TISSUES
FROM ROOT SEGMENTS WATER  DENIs P;oVP AGAR  LUPIN ROOTS  LUPIN LEAVES E.siebex
AGAR AGAR CCTYLELC

NO OF ROOTS EXAM, 962 564 1244 269 246 199
Phytophthora

cinnamomi 0 0 0 0 0 0
Phytopththora spp. * 0 + + * 0
_}.’Zf:_h.l_i’l Spp. +4 + 44 4t ++ s}
Acremonium spp. + * t

Cylindrocarpon spp. +

Botrytis spp. ++ “ + Fs

Trichoderma spp, +4

Kellermania spp. ++ +
M spp. 2 % : +

Gliocladium spp. ’ + +
Cephalosporium spp. + + + + +

Penicillium spp. R ++ e+ 4 +
Basidiomycete sp. e + *

Fusarium spp. ++

Trichocladium spp, + +

Alternaria spp, + '
Rhizoctonia spp, s

Unidentified -+ 4 ++ + + ++
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TABLE 10 Isolation of Cylindrocarpon CMI19614] from the surface sterilized
fine Troots of E. obliqua trees from forests of different age
and health.

O=absent +=present +¥+=common +++=abundant

AGE OF NO OF TREES SAMPLED ISOLATIONS FROM INCUBATED ROOTS  MICROSCLEROTIA IN CLEARED ROGES

FOREST No. of trees +ve  Abundance No. of trees +ve Abundance
Years Healthy(H) Dieback(D) H D H D - H . D H .D
1 - 4 - 1 - + - 4 - + -
7 4 - 3 - + - 4 - + -
35. 2 2 2 0 + 0 2 2 + +E
55 2 2 1 1 + + 1 ' 2 + +
68H 2 2 2 2 ++ +H 2 2 + +HE
68D 2 2 2 2 + + 2 2 + +&=
90 2 2 2 1 4+ 2 2 "
150 - 4 S - + - 2 - +
250+ - 4 - 3 - + - 4 - +

* isolates similar to CMI196141

Based on conidial trausfer or microsclerotia morphologically
consistent with Cylindrocarpon CMI 106141.



unsuberised root tips of E. obliqua (Figure 6a), but also occurred
from secondary thickened roots (¥igure 6b) and mycorrhizal roots
(Figure 6c¢). 1In roots that had been broken prior to incubation,

Cyvlindrocarpon sporulated from the root cortex and {rom numerous

microsclerotia in the inner root cortex {(Figure 6d).

Clearing intact fine roots with boiling KOH (Bevage 1%68) revealed

Cylindrocarpon microsclerotia in the inner root cortex of many roots

(Table 10), (Figure 6e). The microsclerctia of Cylindrocarpon are

similar in morphology and occurrence to those described by Scholten
(1968), Menge (1969), Jutter (1970) and Linderman (1973) in members

of the genus Cylindrocladium. The eucalypt root stele was commonly

stained red and blocked but neither the Cylindrocarpon hyphae nor

microsclerotia were observed within the stele of living rocts.

The consistent isolations of 'a Cylindrocarpon sp. from surface

sterilised fine roots of E. obliqua regrowth trees indicated that

Cylindrocarpon spp. may be-associated with the initial decay of E.

obliqua roots in these forests. Consequently the following series
of pathogenicity studies was conducted tc examine whether

Cylindrocarpon spp. or other potential pathgens could be involved in

the decay of fine roots in these forests.

3.8 Testing the Pathogenicity of Fungi Isolated from E. obliqua

Roots and Soil

The isoclation of an organism from diseased host tissuve may result
from its saprophytic or parasitic colonisaticn and is not proof that
the crganism is pathogenic or the cause of any observed disease.

For an organism to be regarded as a pathogen; and the cause of a
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Figure 6a Isolation of Cylindrocarpon CMI196141 from the fine roots

(2)

(b)

(c)

(d)

(e)

(£)

of E. obliqua regrowth trees.

Conidiophores of Cylindrocarpon CM1196141Vsporulating from surface
sterilized feeder root tip of E. obliqua regrowth tree .

Conidiophores of Cylindrocarpon CM119614ivsporulating from the outer
cortex as well as the surface of the inner stele of secondary thickened
roots of E. obliqua regrowth tree . : :

v
Conidiophores of Cylindrocarpon CMI196141 sporulating from the surface of
mycorrhizal short roots of E. obliqua regrowth tree .

Conidiophores of Cylindrocarpon CM1196141Vsporu1ating from microsclerotia
on the surface of the inner stele of secondary thickened root of E.
obliqua regrowth tree. .

v .
Microsclerotia of Cylindrocarpen CMI196141 in the inner cortex of E.
obliqua feeder root from regrowth tree following clearing of the
roots in beiling KOH.

Detail of microsclerotia of Cylindrocarpon CM119614fvin the cortex of
feeder root from E. obliqua regrowth tree .

v isolates similar to type CMI196141
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particular disease, it needs to satis{y the following conditions

which have been defined in Koch's postulates of pathogenicity

{(Horsfall and Diriond 1960).

I. The organism needs to be present in every case.of the disease.

2. The organism must be consistently isolated from the diseased
hozst.
3. The specific disease must be reproduced when a pure culture of

the organism is inoculated into a healthy susceptible host.
4, The organism must be recoverable from the experimentally

infected host.

However, disease 1is the expression of interactions between
combinations of organisms, environmental conditions, the physiology
of the host and time (Horsfall and Dimond 1960, Van der Plank 19753)
and it may not always be possible to reproduce all these essential
components of the disease interaction in experimental plants. This
is particularly the case in diseases of trees in older forests where
soil conditions, environmental factors, the physiology of the host
and the population and activity of micro-organisms may all interact
and change with time. In these cases it may be difficult to satisfy
the third of Koch's Postulates, which requires experimental

reproduction of the disease.

Attempts to reproduce a disease experimentally have included the
inoculation of similar healthy hosts in the field. However
difficulties may arise in that the type, applicaticn and level of
experimental inoculum may differ from that occurring naturally. The
time taken for expression of disease symptoms may also be so long

that pathogenicity cannot be experimentally confirmed. Disease
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symptoms that develop several years after inoculation of apparently
healthy trees may not be caused by the applied treatment. It may
also be difficult to identify disease free hosts for inoculation.
Even where such trees can be found they may represent naturally
resistant genotypes and pathogenicity tests on these trees may not
be relevant to susceptible gegotypes all of which\may already be
naturally affected. Furthermore many diseases may be associated
with interactions and complexes between several micro-organisms end
stress facters and tests of pathogenicity with one organism in the

field may not be meaningful.

Alternatively the pathogenicity of a micro-organism may be tested by
inoculiating seedlings of the host and observing responses in the
inoculated tissue or plant. While this technique may be practical
and reproducible, large differences which can occur in the
physiology and susceptibility of seedlings as compared with malure
plants, may influence the results. However, it may be possigle to
partially overcome some of these differences by predisposing the
»seedlings to stress treatments similar to those occurring in
forests. This may enable studies of the interaction between
particular predisposing stress factors and the susceptibility of

these plants to inoculated pathogens (Schoeneweiss 1975).

The following studies were conducted with E. obliqua seedlings, of
varying ages, mindful of the limitations in relating the results to
the root decay or dieback of mature regrowth trees. These studies
were designed to screen fungi which had been ‘consistently isolated
from the roots of regrowth trees for their ability to infect the
roots and cause disease symptoms in E. obliqua seedlings.

Investigations of the pathogenicity of particular fungi under a
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range of stress conditions representative of those occurring in the

E. obliqua regrowth trees are described in Chapter 5.
Material and Methods
Three series of experiments were conducted in these screening

studies. In the first experiment, tenonemonth-old E. obliqua

seedlings, and Lupinus angustifolius seedlings, which had been grown

in autoclaved vermiculité, were transferred to tubes containing
Petri's solution (Waterhouse and Stamp 1969). The tubes were
‘inoculated with lcm diameter plugs of fungal culture and were placed
in natural light at 15-22°C without aeration. Seedling deaths and
root iﬁfections were recorded over the following 10 days for each of thé
fungi (Table 11).

In the second experiment’qur E. obliqua seedlings which had been
grown in freely drained sand peat for four months (Baker 1957) were
inoculated with each of six fungi isolated from the roots of regrowth
trees. The inoculum consisting of 2cm2 of fungal cultures on PDA or
lima bean agar was placed in the surface soil next to the seedling
roots. The seedlings were grown in a glasshouse for five weeks at
18 to 22°C when their roots were washed free of soil and examined
for decay. Root tissue was surface sterilised in 1% sodium
hypochlorite for 30 seconds and plated on PDA and P10 VP agars, for

the reisolation of the inoculated fungus.

In the third experiment, intact fine root tips of two 2-year-old E.
obliqua saplings were carefully excavated and placed inside glass
tubes . The roots were inoculated with 9 sq. mm plugs of fungal
culture on P.D.A. The inoculated root tips, and similar

uninoculated control root tips which had been inoculated with water
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agar plugs, were regularly inspected, and after 9 days growth at
18°C were removed, surface sterilized and plated on PDA or P10 VP
for reisolation of the inoculated fungus.

Results and Discussion

Of the fungi tested in the first experiment the Cylindrocarpon sp.

was the only fungus which was consistently isolated from the fine
roots of E. obliqua regrowth trees which.also resuited in root decay
and mortality of the E. obliqua seedlings‘ and could be reisolated
from surface sterilised root tissue (Table 11). Microscopic

examinations confirmed that the Cylindrocarpon sp. colonised the

cortex of the roots of E. obliqua seedlings and produced
microsclerotia in and from #he infected tissue prior to death of the
seedlings. VWhile it had Jnot been isolated from the roots of
regrowth trees, P. cinnamomi also resulted in rapid root rot and
death of the inoculated E. obliqua seedlings. Several of the
Pythium spp. but not the Fusarium spp. which had been isolated from
the roots of regrowth trees were also capable of causing root decay
and E,bbliqua mortalities. Consequently Pythium spp. should not be
disregarded as factors which may contribute to root decay in

regrowth forests.

No mortalities were recorded in the second experiment in 4-month-old
E. obliqua seedlings which had been inoculated for five weeks in

freely drained sand peat. However the Cylindrocarpon sp., P.

“cinnamomi, P. cactorum, and a Pythium sp. caused root rot and were
reisolated from surface sterilized root tissue (Table 11). The

Cylindrocarpon sp. and P. cinnamomi also caused decay in the roots

2-year-old E. obliqua saplings in the third experiment. The first
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ages.
Fungus Lupinus angustifolius E. obliqua seedlings 3
seedlings * one month old * four month old* 24 month old
one week old ]
Rating 0-3 Root infection Mortality Root rot RI} Root rot RI Root infecfﬁag

, Cylindrocarpon

© CM1196141 2 3 1 2 3 2 3

_ Cephlasporium sp ‘ 1 0 0 0 - - -

. Acremonium Sp 1 0 0 0 - - -
Fusarium sp 1 2 0 0 0 0 0 -
Fusarium sp 2 2 0 0 0 - - -
Phytophthora
cinnamomi 2 : 3 1 2 3 2 3
%%%%grgihora i 1 1 2 2 1 -
Pythium sp U10 1 0 0 0 - - -
Pythium sp U5 1 3 1 1 1 0 -
Pythium sp U12 0 0 1 1 2 1 -
Pythium sp U7 1 0 1 1 - - -

TABLE 11

66a

Screening of fungi isolated from the roots and soils cf

E. obliqua regrowth forests for their pathogenicity to
Lupinus angustifolijus and E. obliqua seedlings of different

Rating O= No roots affected

1= 0-10% of roots affected
2= 11-40% of roots affected
3= 41%+ of roots affected

* in Petri solution (10 seedlings per treatment)

+ in drained sand peat

Root infection (RI) based on reisolations of the inoculated fungus from surface
sterilized roots.

Mortality based on seedling deaths on a similar 0-3 rating.

Root rot based on necrosis, rot or discoloration of fine roots.
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and second pathogenicity studies were repeated and similar results

were obtained.

Consequently, of the fungi isolated from the fine roots of E.

obliqua only the Cylindrocarpon sp. was consistently isolated from

affected trees, was capable of infecting and reproducing disease
symptoms in seedlings of susceptible hosts and was consistently

reisolated from the affected tissues. Consequently the

Cylindrocarpon sp. satisfied Koch's postulates of pathogenicity.

However the failure of the Cylindrocarpon sp. to cause seedlings

deaths in the pot studies emphasised the need to investigate factors
wh;ch contribute to its pathogenicity. Both the Pythium spp. and
nematodes also warrant further study as factors which may contribute
to root rot and dieback of these regrowth forests.

The investigations described in this chapter indicate that the
dieback of E. obliqua regrowth forests is associated with a complex
of interacting factors which result in drought stress and death of
the affected trees. The restriction and decay of the fine root
system of regrowth trees and its subsequent inability to absorb
adequate moisture from the soil to meet the transpirational demands
of the tree appear to be the direct cause of regrowth dieback. Many
factors of the soil, climate, changing vegetation and microflora are
likely to contribute to'the soil conditions, plant stress and root
health which appear to be important in predisposing particularly the
former dominant trees to drought stress and crown dieback. However
many of these factors have existed during the development of these
forests and can not solely account for the occurrence of-dieback nor
its continuation under more favoﬁrable conditions. Consequently the

agents responsible for the high levels of decay of the fine root
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system prior to the onset of dieback symptoms appear to be of
primary importance in causing dieback and preventing the recovery of

the trees on return to conditions favourable for tree growth.

&5 the Cylindrocarpon sp. may be important in the infection and

decay of the fine roots of regrowth E. obliqua the remainder of this
thesis has concentrated on the microbiclogy and pathogenicity of the

Cylindrocarpon sp. and 1its role im regrowth dieback and the

subsequent development of these forests. However the involvement of

the Cylindrocarpon sp. in E. obliqua regrowth dieback and forest
development should always be considered in the context of the

complex of the many associated factors described in this chapter.
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CHAPTER 4

THE MICROBIOLOGY OF CYLINDROCARPON IN FOREST SOILS

4.1 Taxonomy of the Cylindrocarpon From E. obliqua Roots

The Cylindrocarpon isolate from the fine roots of Eucalyptus obliqua

L'Herit CMI 196141 differs from isolates held at the Commonwealth
Mycological Institute Kew (Booth pers. comm.) and has the following

description:

Cylindrocarpon CMI 196141 from E. obliqua.

Cultures on PDA white turning evenly red brown with age. Aerial
mycelium sparse but tall, branched ccnidiophores develop profusely
on the surface of cultures. Conidiophores up to 500u long with
lateral primary branches. Subulate phialides 30 to 50y x 3 to 5u
are produced at the apex and in 2 to 5 whorls along the Ilength of

the conidiophore.

Macroconidia are produced singly at tips of phialides where they may
accumulate in white glistening heads. Macroconidia are straight,
cylindric, hyaline one septate, 27 to 39 x 3 tc 6p and have a
rounded distal and slightly conical proximal end. Microconidia are
rare. Chlamydospores 10 to 30y in diameter with smooth, brown
thickened walls are produced in chains at the ends of hyphae in
older culture. Conidial chlamydospores are frequently formed by
macroconidial germ tubes in so0il and are rounded, & to 13p in
diameter, thickened and may occur in chains. Microsclerotia are

formed in old cultures, E. obliqua roots and forest soils and
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consist of dense aggregates of brown cells with thick cell walls.
Microsclerotia are irregularly rounded from 100 to 200u in diameter
and on germination produce typical conidiophores bearing
macroconidia.

No perfect stage has been observed

Hosts Eucalyptus obliqua. Isolates consistent with that described

above also occur on E. regnans, E. delegatensis roots as well as on

leaf litter and are distributed widely in Tasmanian forest soils.

Photographs and drawings of spore stages are shown in Figure 6b.

The morphology of Cylindrocarpon CMI 196141 closely resembies C.

gracile which, together with C. tenue and C. reteaudii, are very

close to species of the genus Cylindrocladium (Booth 1966). The

main features distinguishing these members of the genus

Cylindrocarpon from those of Cylindrocladium is the absence of a

diagnostic lateral stipe terminating in a sterile vesicle (Booth
1966). However, isolated short appendages bearing globose heads

have been infrequently observed in Cylindrocarpon CMI 196141 {(Figure

6) and in C. tenue (Agnihotrudu 1959) suggesting some similarity to

members of the genus Cylindrocladium. Cylindrocarpon CMI 196141 also

differs from the descriptions of other members of the genus in the
production of microsclerotia similar to those described in

Cylindrocladium scoparium (Scholten 1968) and Cylindrocladium

floridanum (Menge 1969, Jutter 1970).

Although the perfect stages of Cylindrocarpon CMI 196141, C. gracile

and C. tenue are not known, C. reteaudii is so far unique within the

genus Cylindrocarpon in that it has a Calonectria perfect stage as




70a

Figure 6b The morphology of Cylindrocarpon CMI196141

T a. Microsclerotia and macroconidia of Cylindrocarpon CMI196141 formed
in PDA agar cultures.

b. Macroconidia of Cylindrocarpon CMI196141. Further photographs of
macroconidia and conidial chlamydospores of Cylindrocarpon CMI196141
are shown in Figure 28.

c. Tip of a compound conidiophore of Cylindrocarpon CMI196141 showing
branches and the -production of macroconidia in terminal heads.

d. Compound conidiophores of Cylindrocarpon CMI196141.

e. Rare sterile stipe‘ with globose vesicle produced on a lateral
branch of conidiophore of Cylindrocarpon CMI196141.




a macroconidia

b conidial chlamydospore
¢ microscerotial initial
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de members of the genus Cylindrocladium. All other known perfect

stages in the genus Cylindrocarpon belong to the genus Nectria. The

imperfect stage of some Cylindrocarpon spp. including C. destructans

impinge on the mortiella group of the genus Fusarium (Booth 1966).

Further descriptions of the tazonomy of Cylindrocarpon CM 196141 and

its relations to other Cylindrocarpon species are being prepared by

C. Booth, Commonwealth Mvcological Institute, Kew, England.

Unless otherwise specified all the investigations in this thesis

have been conducted using Cylindrocarpon CMI 196141 described above.

Consequently this isolate will be referred to as Cylindrocarpon sp.

throughout the remainder of the thesis.

4.2 Cylindrocarpon sp. in E. obliqua Forest Soils

The consistent isolation of Cylindrocarpon sp. from the fine roots

of E. obliqua from forests of all ages (Table 10) indicates that the
fungus is présent throughout the development of these forests.
4Consequent1y investigations were conducted of the relationship
between the intensification of dieback in regrowth forests and

changes in the population and/cr activity of Cylindrocarpon sp. on

E. obliqua roots and in forest soils. The following studies
examined changes in the numbers of microscierotia and saprophytic

activity of Cylindrocarpon sp. in soils from forests of different

ages and dieback intensities.

Sampling Methods

E. obliqua forests of nine different ages between one and

approximately 250 years were selected in the southern forests to
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represent stages in forest development (Figure 2). Soil samples
wvere collected at four sites in each of these forests. Each sample
consisted of bulked subsamples of surface soil (0 to 10cm) from over
five locaticns. Rhizosphere soil samples were also collected from
each of these forests and sites. Rhizosphere soil was obtained by
shaking soil cff the fine roots of individual heaithy or dieback
E. obliqua trees. The soils were stored at 2°C for a minimun period

until the population and activity of Cylindrocarpon sp. could be

assessed.

Repeat series of soil samples were ccllected from these E. obliqua
forests and assessed for the population and/or activity of

Cylindrocarpon sp. on five subsequent occasions over an eighteen

months period to confirm the trends obtained.

4.2.1 Numbers of Cylindrocarpon sp. Microsclerotia

Materials and Methods

The number of Cylindrocarpon sp. microsclerotia per gram of soil was

determined using a wet sieving technique similar to that used by

Thies and Patton (1970) for Cylindrocladium microsclerotia. Forest

soil (10g) was blended at low speed in one litre of water with 5 ml
of Calgon clay dispersant and the resultant soil suspension was
repeatedly washed through stainless steel sieves of 180 and 99y
aperture. Preliminary studies had indicated that most

Cylindrocarpon sp. microsclerctia were retaimed between the 180 to

99 aperture sieves and that this technique was suitable to assess

the relative differences in the numbers of Cylindrocarpoa sp.

microsclerotia in the different soils. The so0il retained between

the 180 to 99u aperture sieves was dispersed in a known vclume of



water, and aliquots (0.5ml) were pipetted onto the surface of
hardened Czapeks agar containing 4% oxbile (0Oxoid) and 20Cppm
streptomycin sulphate B (Appendix 1). The plates were incubated for

10 days at 10°C when the numbers of Cylindrocarpon sp.

microsclerotia which had germinated on each plate were counted at x
40 magnification. The microsclerotia could be readiiy identified by
the  morphology of  their  conidiophores and macrcconidia.
Macroconidia were transferred onto microscopic slides or onto PDA

plates in order to confirm their identity as Cylindrocarpon sp. The

number of microsclerotia per gram of dry soil was determined
following the measurement of the moisture content of a separate
sample of soil.

Results and Discussion

The numbers of viable Cylindrocarpon sp. microsclerotia per gram of

dry soil increased from very low levels in soil one year after
burning and the regeneration of the forest to & maximum of above 2 x
104 microsclerotia per gram in the soils of 70 year old regrowth
forests (Figure 7). The numbers of microsclerotia were low in
forests from 0 to 30 years of age which closely corresponds with the
period of rapid eucalypt growth while the period of forest growth
from 30 to 90 years of age was associated with high and increasing
numbers of microsclerotia and the intensification of crown dieback.

Numbers of Cylindrccarpon sp. microsclerotia reached a plateau in

mature forests and decreased slightly in old-growth E. obliqua

forests (Figure 7). Fires appeared to markeddy decrease the number

of microsclerotia in soils as old-growth forests which had recently
' occasional

been logged and burpt contained only iseteted viable microsclerotia

in distinct contrast to the soils of neighbouring unburnt oldgrowth

forests.
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Figure 7
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The numbers of Cylindrocarpon sp. microsclerotia in the rhizosphere

soils of both healthy and dieback affected E. obliqua also increased
with forest age (Figure 7). However, numbers were consistently
higher in the rhizosphere soils of dieback affected E. obliqua
compared to the rhizosphere soil of healthy E. obliqua of the same

age (Fig. 7). This was particularly evident in the younger foresis.

Cylindrocarpon sp. microsclerotia commonly form in and from infected

E. obliqua roots and it is likely that the higher numbers of micro-
sclerotia in the rhizosphere of dieback affected trees may have

resulted from higher levels of root infection in these trees.

4.2.2 Activity of Cylindrocarpon sp. in Forest Soils

While the soils of E. oblijua forests may contain large numbers of

viable microsclerotia of Cylindrocarpon sp. much of this inoculum

may be inactive and of little consequence to the growth and health
of the forest. Consequently the activity of the inoculum i.e. its
capacity to infect dead or 1live substrate also needs to be
determined; The capacity of a fungus to infect or colonise host
tissue may be influenced not only by the amount of inoculum, the
inoculum dosage, but also be interacting effects of other
micro-organisms, soil and environmental factors, the wvigour and
susceptibility of host tissue, the vigour of the inoculum and its

ability to contact the host tissue.

The following studies, using a baiting technique, examined the

capacity of Cylindrocarpon sp. in each of the rhizosphere and bulk

forest soils to infect and colonise plant tissue. Changes in the

activity of Cylindrocarpon sp. in these soils during forest and
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dieback development were compared with the changes in the numbers of
microsclerotia in the soils. In order teo make this assessmeant as

relevant as possible to the activity of Cylindrocarpon sp. in the

forest soils both the host tissue and environmental conditions

duplicated as far as possible those in the regrowth forests.

Materials and Methods

The relative activity of Cylindrocarpon sp. in the different forest

so0ils was assessed using a baiting technique to measure the capacity

of Cylindrocarpon sp. to saprophytically colonise dead E. obligua

leaf tissue. Between 30 to 50 autoclaved leaf baits each 5mm2 were
placed firmly in contact with moistened forest soil in a Petri dish
and incubated at 10°C for 10 days. The baits were then washed for 5
minutes in running water, surface steriiised in 1% sodium
hypochlorite for 30 seconds, -washed in sterile water and then
incubated on sterile moistened filter paper in Petri dishes for a

further 5 days at 22°C. The number of Dbaits from which

Cylirdrocarpon sp. and other fungi were sporulating were covnted at
X 40 magnification to determine the percentage saprophytic
colonisation of baits by each fungus. The identity of the

Cylindrocarpon sp. isolates was confirmed by micrescopic examination

and culturing of macroconidia which had been transferred from the

baits.

Results and Discussion

Cylindrocarpon (CM1 196141) Cylindrocarpon tenue (CMI 196143) and

Penicillium spp. were frequently found sporulating on the leaf

baits. (. tenue could be distinguished from Cylindrocarpon sp. by




76

N

its shorter conidiophores with penicillate branching and its

distinctly shorter macroconidia.

The percentage saprophytic colonisation of E. obliqua leaf discs, by

Cylindrocarpon sp. increased during the development of regrowth

forests and closely paralleled the increase in microsclerotia in
both the rhizosphere and bulk forest soil series (Fig.7,8). A
significant correlation (r = 0.89) occurred between the saprophytic

colonisation of Cylindrocarpon sp. in rhizosphere soils of E.

obliqua in developing forests and the number of viable
microsclerotia isolated from these soils. However, the percentage

saprophytic colonisation by Cylindrocarpon sp. decreased in soils

from mature and oldgrowth forests even though the number of
microsclerotia in these soils remained high. This decline in
saprophytic colonisation was associated with increased competition

by Penicillium spp. in the soils from older forests.

Comparisions of the saprophytic colonisation of Cylindrocarpon sp.

in the rhizosphere and the surrounding bulk soil indicate that

Cylindrocarpon sp. activities were lower in the rhizospheres of

young trees compared with those in the surrounding soil. This is

consistent with the numbers of Cylindrocarpon sp. microsclerotia

which were also lower in the rhizospheres of healthy young trees
than in their surrounding soils. However, in older trees both the
saprophytic colonisation and numbers of microsclerotia of

Cylindrocarpon sp. imereased in the rhizospheres were greater

than those in the surrounding soil. Consequently the rhizospheres
of young vigorous E. obliqua appears to retard the activity and

population of Cylindrocarpon sp. below that in the surrounding bulk

soil. In contrast, in the rhizosphere of regrowth E. c¢bliqua,



% Saprophytic colonisation of

Figure 8

% Saprophytic colonisation of

Téa

i ——

80

601{ \

E
N
o

~

obliqua leaf baits
-9
=)
\

1001_ A. Bulked forest soil
. ¢
o/— \l
801 :
‘ }\P\;

S
o °
2 60l }\\“o
[To
[12]
OJ -
S a0l
o
=
0 5
O
o 20 ;/f

0 - — L b - b - "! ! . ! ‘r .

20 40 50 80 100 150 250
Forest age (vears)
B. E. obliqua rhizosphere soil
100 )

150

0 20 40 €0 80 100

) [}
Forest age (years)

Changes in the competitive saprophytic colonisation activity
of Cylindrocarpon CMI1961417in the soils and rhizospheres of
E. obliqua forests during their development.

v isolates similar to CMI196141



77

Y

particularly in trees affected by dieback, the activity and

population of Cylindrocarpon sp. appears to be stimulated above that

in the surrounding soils. A similar increase in the numbers
of microsclerotia and saprophytic colonisation was recorded at each
of ‘the five occasions when these studies were repeated over an

eighteen month period.

The two preceding experiments indicate that a close association
exists between the increase in the numbers of microsclerotia and

saprophytic colonisation activity of Cylindrocarpon sp. in forest

soils and the intensification of crown dieback in these forests.
Furthermore factors in the soils of old growth forests and the
rhizosphere of young stands and healthy regrowth forests appear to

be capable of retarding the activity and/or development of

Cylindrocarpon  sp. ino'cd'lum. Consequently studies of the
N

pathogenicity of Cylindrocarpon sp. should pay close attention to

both the quantity of inoculum present and to factors which may

influence the activity of Cylindrocarpon sp. as both these factors

may be important in the aetiology of regrowth dieback.

4.3 Factors Influencing Cylindrocarpon sp. in E. obliqua Forest

Soils

The development and activity of Cylindrocarpon sp. inoculum in the

soil of E. obliqua forests may be affected by various physical and
biological factors which could influence the initiation of regrowth
dieback. Consequently the effect of some of these factors on the

growth and survival of Cylindrocarpon sp. was investigated.

Particular attention was paid to changes in soil factors which are
likely to occur during the development of these forests and which

may influence the activity of Cylindrocarpon sp.
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4.3.1 Physical and Environmental Factors

Physical and environmental factors which may influence the behaviour
of fungi in soil include light, (Harley and Waid 1955), temperature,
soil water  potentials, soil aeration and hydrogen ion
concentrations. Griffin (1972) has comprehensively reviewed the
role of each of these factors in the ecology of soil fungi. The
following studies were conducted to establish how some of these

factors may influence the germination and growth of Cylimndrocarpon

sp. in forest soils and their implications in the aetiology of

‘regrowth dieback.

Materials and Methods

4.3.1a  Temperature

The effect of a range of incubation temperatures on the growth of

Cylindrocarpon sp. was investigated in a series of agar plate

studies. Potato dextrose agar (PDA) plates (Oxoid 15ml agar/9cm
diam. plate) were inoculated in the centre with inverted plugs of

active culture of Cylindrocarpon sp. and triplicate plates were

incubated in the dark at each of 2, 6, 10, 14, 18, 22, 28 or 37°C1°C
The colony diameters’ were recorded daily to determine the mean daily
growth in colony diameter during the phase of comstant linear growth
(7 to 15 days). The effect of each of the above incubation

temperatures on the germination of Cylindrocarpon sp. macroconidia

was also examined. Macroconidia from an active culture were
inoculated onto PDA agar plugs which were incubated at the above
temperatures above sterile moist filter paper. Germination

percentages were determined after 48 hours of incubation.



The effect of incubation temperature on the competitive saprophytic

colonisation of E. obliqua leaf discs by Cylindrocarpon sp. was also

‘examined using the baiting techmique previcusly described. Eight
soils from under E. obliqua regrowth trees were baited with leaf
discs and replicate dishes of each soil were incubated zt either 6,
i6, and 18°C for a total of 108 degree days. bThe percentage

colonisation of the baits by Cylindrocarpon sp. was assessed at the

end of each incubation period as previousiy described. Incubation
of the baits for a similar total of degree days enabled the effect
of temperature on the competitive saprophytic colonisation activity

of Cylindrocarpon sp. and other fungi to be assessed independent cof

the rate of colonisation.

4.3.1b Water Activities

The effect of moisture stress on the growth of Cylindrocarpon sp.

was examined using agar plates which had been adjusted to a range of
water activities by the addition of mixtures of salts (Dubé, Dodman

and Flentje 1971) (Appendix 1). Cylindrocarpon sp. was also grown

on glass slides using Kouyeas' (1564) technique to overcome possible
effects of solute toxicity im the previous technique. In this

technique plugs of Cylindrocarpon sp. culture on 1% water agar were

grown on glass slides in the sealed headspace above the same agars
of varying water activity but not in contact with them. The plates
in both experiments were incubated at 18%¢+1°C and Eolony diameters
on the plates and glass slides were periodically recorded either
directly or at x 200 magnification with a stage micrometer. Mean
colony growth rates during the phase of comstant lincar growth (7 to

15 days) were calculated for all treatments.
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The effect of water potentisls oun the germination of Cylindrocarpon

sp. macroconidia and micresclerotia was also examined by incubating
propagules from active PDA cultures on water agars above agars of a
range of water activities. The percentage germination of
macroconidia and microsclerotia were measured after 25 and 144 hours

incubation at 18°c+1°C respectively.

4.3.1c Hydrogen Ion Concentration

The influence of hydrogen ion concentraticns on the growth of

Cylindrocarpon sp. cultures and the germination of microsclerotia

was examined on Czapek's agar wihich had been amended to different pH

values by K H2P64/ NazH PO, and Citric Acid/KH, PO, buffers {(Appendix

4 2774
1). The buffers had resulted in a pH range in the Czapek's agar
after autoclaving of pH 5.4 toc 8 and 2.6 to 8.0 respectively.

Triplicate plates of each of the agars (15ml agar/9cm diam. plate)

were centrally inoculated with an inverted plug of Cylindrocarpon

sp. culture cbtained from a growing cclony on Czapek's ager and
incubated at 18°C. The mean daily diameter growth rates during the
phase of constant linear growth (7 to 15 days) was calcnlated for

each of the agars. The percentage germinstion of Cylindrocarpon sp.

microsclerotia was also determined on agars of different pH after 13

days incubation at 10°c.

The hydrogen ion concentration of rhizosphere soils from forest of
different ages was also determined in a 1/4 soil/water mixture at
22°¢ using a radiometer 22 pH meter with glass electrodes. Changes
in soil pH during the development of these forests were examined in
relation to the pH optima fer the germination and growth of

Cylindrocarpon sp. The organic matter content of these soils was
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also determined from the loss of their dry weights following

ignition.

Results and Discussion

4.3.1a Temperature

Cylindrocarpon sp. grew on PDA agar at temperatures ranging from 2

to 280C, with meximum growth rates occurring between 14 and 22°¢C
(Figure 9). Macroconidia germinated over a similar vrange of
temperatures with close to 100% germination being recorded after 48
hours iancubation at temperatures as low as 6°C. The percentage ‘of
germinated macroconidia which formed conidisl chlamydospores

.. . . o
increased at incubation temperatures above 18 C.

The competitive saprophytic colonisation activity of Cylindrocarpon

sp. was higher at the lower temperatures (Figure 9) in contrast to
colonisation by Penicillem spp. which increased with increasing

temperature.

The prevailing temperatures in the surface soils of E. obligua
forests in southern Tasmania are low, ranging from 3 to 15°¢C (Madden
pers. comm.). Consequently these temperatures are compatible with
the germination, growth and competitive saprophytic colonisation by

Cylindrocarpon sp. in these forests. These results are also

consistent with previous studies by Matturi and Stenton {1964) and

Taylor (1964) which indicate that Cylindrocarpon destructans has a

similarly low temperature optimum.
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The cooler soil temperatures may be an important factor contributing

to the high activity of Cylindrocarpon sp. in regrowth forest soil

and on the roots of regrowth trees. Apart from the suitability of

low temperatures for the germination and growth of Cylindrocarpon

sp. low soil temperature appear to decrease the activity of
competing fungi such as Penicillium and also decreage the activity
of fungistatic and lytic microorganisms in the eucalypt rhizosphere
(Chapter 6.4.2). Root growth of E. regnans is also reduced at lower

temperatures (Cremer 1975) which may influence the capacity of trees

to replace fine roots infected by Cylindrcocarpon sp. and maintain

adequate uptake of water.
4.3.1b Water Activities

Cylindrocarpon sp. was able to grow on agars with water activities

ranging from a 0.999 to a 0.960 (1.3 to 56 bars tensicn) (Figure
10) while maximum growth occurred at a_ 0.290 (16 bars tension).

Growth was depressed at the very high water activites a, 0.999 (1.3

"o

ars tension) which is consistent with other soil fungi {Griffin
1972). The relationship$ between water activity and growth of

Cylindrocarpon sp. were similar in both the glass slide and agar

plate techniques, indicating that solute toxicities were unlikely to
have influenced fungal growth in the plate studies. Germination of

Cyvlindrocarpon sp. macroconidia and microsclerotia occurred over a

similar range of water activities to that in the coloay growth

studies.

Cylindrocarpon sp. can grow over a range of water activities which

are often higher than tensions at which many plants wilt but are

consistent with the growth of other soil fungi including
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Rhizoctonia solani (Dube™ et al 1971) and Gaeumannomyces graminis

(6riffin 1972). As in the case of Phytophthora cinnamomi (Sommers

et al 1970) and Fusarium culmorum (Griffin 1972) maximum growth

rates occurred at water activities comparable to those at which many

mesic plants wilt. Consequently Cylindrocarpon sp. germination and

growth appeared to be optimal at the range of water potentials
likely to occur in the soils, and in the root zome of E. obliqua

forests affected by dieback.

4.3.1c Hydrogen Ion Concentration

Cylindrocarpon sp. grew on Czapek's agar over the range of pH from

4.0 to 6.0 in both of the buffer systems tested (Figure 11).

Similar pH optima occurred for the germination of Cylindrocarpon sp.
microsclerotia on Czapek's’ afgar (Figure 11). Both the colony growth

rates . and percentage germination of Cylindrocarpon sSp.

microsclerotia declined sharplyv below pH 4.0 while colony growth but

not germination of microsclerotia occurred up to pH 8.0.

These results are consistent with those of Cylindrocarpon

destructans which also had a pH optimum from pH 4.0 to 6.0 with

decreasing growth rates to pH 9.0 (Taylor 1964).

The pH of rhizosphere s‘oils of E. obliqua forests declined during
the development of the forest from pH 5.630.1 one year following
burning to a pR of about 4.0 in regrowth forests (Table 12). The
decrease may in part be associated with the initial increase in soil
organic matter contents and is consistent with other studies of pH
changés in forest soils following recent burning (Renbuss et al

1971). The rhizosphere soils of developing E. obliqua regrowth
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TABLE 12 Changes in the hydrogen ion concentration and organic
matter in E, obliqua rhizosphere soils during forest development.

Forest Age Soil pH {rganic matter
% loss of dry weight on ignition

1 5.7 14 a
7 4.3 i6 a
'35 5.9 , 48 b
55 4.0 47 b
67 Dieback 4.4 24 a
67 Healthy : 4.0 -
90 3.7 50 b
150 3.6 42 b
250 + : 3.6 58 b

2 differs from b
LsD(P=0.05)=0.3 at (p=0,05)
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forests from 1 to 70 years of age are at a pH range optimal for the

germination and increase in Cylindrocarpon sp. microsclerotia and

saprophytic colonisation activities (Figure 7 and 8). This period
is also consistent with the period during which the intensification
of root decay and crown dieback normally occurs. In constrast pH
levels in mature and oldgrowth forests are less suited for the

germination and growth of Cylindrocarpon sp. which is consistent

with the decline in the activity and population of Cylindrocarpon

sp. in these forest soils. Consequently the changes in the hydrogen
ion concentration of the soil surrounding E. obliqua roots may have

an important influence on the activity of the Cylindrocarpon sp.

inoculum.

4.3.2 Bioiogical Factors

The ecology of soil fungi may also be influenced by a range of
biological factors in the soil environment. These include: the
availability of substrate, the availability of specific nitrogen and
vitamin requirements, the fungistatic and competitive effects of
other soil micro-organisms and the nature of excretions from host
and non-host plants. The following experiments examined the effect
of some of these properties of the E. obliqua regrowth forests on

the activity of Cylindrocarpon sp. and their possible implications

in the development of dieback.



Materials and Methods
4.3.2a Substrate

One of the major factors which may influence the activity of

Cylindrocarpon sp. in E. obliqua forest soils is the availability of

a substrate. Cylindrocarpon spp. commonly colonise leaf litter and

the high levels of colonisation of E. obliqua leaf baits by

Cylindrocarpon sp. suggest that further investigation should be

-~

conducted of the role of leaf 1litter as a substrate for

Cylindrocarpon sp. in these forests.

The dominant fungi which colenised E. obliqua litter in the regrowth
forests were investigated in two. experiments. In the {irst
experiment E. obliqua leaf litter at various stages of decomposition
was collected from regrowth forésts, surface sterilised in 1% sodium
hypochlorite for 30 seconds and incubated on moist, sterile {ilter
paper for 12 days at 10°¢c. Fungi sporulating from the litter weve
recorded. In the second experiment, intact blocks (20cm3) of
surface litter and soil were removed from four sites in the regrowth
forests and carefully separated into six litter and seil horizons
which represented different stages of litter incorporation into the

soil. The saprophytic colonising activity of Cylindrocarpoun sp. was

determined in each of these horizons using the leaf baiting

technique previcusly described.

4.3.2b Nitrogen and Vitamin Sources

The forms of available nitrogen frequently change during the

development of forests and grasslands (Florence and Crocker 1962,
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Rice 1963%) and may influence the ecology of soil fungi (Huber and
Watson 1973). Similar chenges may occur in the availability of
essential vitamins. Consaquently the nitrogen and vitamin

requirements of Cylindrocarpon sp. were investigated to determine

whether specific requirements existed <for the growth of

\

Cylindrocarpon sp.

Cylindrocarpon sp. was growo in Czapek's liquid culture in a

factorial experiment with five nitrogen and four vitamin treacments.
Treatments were replicated five times and comprised no nitrogen,
nitrate nitrogen, ammonium nitrogen, l-asparagine and cas-amino
acids. Vitamin treatments comprised thiamine HCl, biotin, thiamine
HC1 plus biotin and no vitamins. The experiment was conducted in
100m1 flat bottles which were filled with 15ml of nutrient solution,

sterilised and inoculated with washed plugs of Cylindrocarpon sp.

culture which had been grown on water agar. The bottles were
incubated horizontally for 15 days at 22°C with loosely fixed caps
to allow adequate aeration. The dry weights of the washed mycelial

mats were determined for the different treatments.
4.3.2c Soil Fungistasis

The factors in a soil which govern the germination of fungal spores
are likely to be of major importance in the activity of soil fungi.
The factors responsible for this fungistatis are illdefined (Watson
and Ford 1972), although Balis (1976) indicated that volatiles,
including allyl alcohol and acrylic acid which are produced by
micro-organisms in soils may be a major contributing facter in soil
fungistasis. Consequently the level of fungistasis in different E.

obliqua forest soils was investigated to determine whether
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fungistasis can influence the activity of Cylindrocarpon sp. and the

development of regrowth dieback.

Soil from eight dieback and five healthy regrowth trees were

collected from the forest and placed in Petri dishes. Sterile water

agar plugs were enclosed in folded sterile cellophane and were

incubated on the surface of each moistened soil for 48 hours at

10°c. The plugs were then inoculated by brush with Cylindrocarpon

sp. macroconidia and replaced on their respective soils for a
further 60 hours incubation at 10°C. The percenéage germination of
macroconidia was measured on each of the forest soils and on
controls which had been incubated on sterile moistened filter paper
for a similar period.

The levels of fungistasis was alsc determined in rhizosphere soils

from E. obliqua forests of eight different ages. Cylindrocarpon sp.

microsclerotia from oid PDA cultures were p%aced onto sterile
cellophane films which were placed in countact with the moistened
§urface of each of the soils in four replicate Petri dishes. The
s0ils were incubated for 10 days at 10°C when the percentage
germination of microsclerotia was measured. The wviability of the
ungerminated microsclerotia was tested by removing the cellophane
films bearing the microsclerotia from the soil and incubating them
for a further 48 hours at 10°C on glass slides above }noistened

filter paper when their germination was remeasured.

The influence of soil volatiles on the fungistasis of Cylindrocarpon

sp. was also examined in each of the rhizosphere soils in the
initial study. Water agar plugs were preincubated for 48 hours at

2200 in the confined headspace above each soil by placing the plugs
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Results and Discussion

'4.3.2a Substrate

Cylindrocarpon sp., Cylindrocarpon tenue, Penicillium, Mucor and

Sympodiella spp. were the dominant fungi sporulating on the surface
sterilized E. obliqua leaf Ilitter from regrowth forests. The

frequency of Cylindrocarpon sp. isolations decreased with increasing

decompositon of the litter whereas Penicillium spp. increased on the
more decomposed litter. Similar results were obtained when the
different litter and soil horizons from regrowth forests were baited

for Cylindrocarpon sp. The saprophytic colonisation activiities of

Cylindrocarpon sp. decreased with increasing litter decomposition
and soil depth (Table 13) while Penicillium spp. increased with

increasing depth of the litter horizons.

Cylindrocarpon sp. appears to be a primary colomniser of dead E.

obliqua leaf 1litter in these forests. This is comsistent with

observations overseas on other Cylindrocarpon spp. and studies by

Macauley and Thrower (1962) in E. regnans forests in Victoria who

also recorded a Moezia =sp., synonymous with Cylindrocarpon

{(Subramaniam 1971) as one of the dominant 1litter colonisers.
Isolations of Penicillium and Mucor spp. were relatively higher in
the Victorian studies possibly due to the higher incubation
temperatures, differences in isolation technique or lower activities

of Cylindrocarpon spp. in the warmer Victorian soils.

The litterfall in Victorian E. regnans forests is at a maximum of
2.9 tons per hectare in 70 to 90 year old forests (Ashton 1975a).

If similar litterfalls occur in Tasmanian forests this litter could



TABLE 13

- . s S v. . . R
Activity of Cylindrocaypon CMIi96141" in litter horizoms at different

89a

stages of decomposition and in the underlying E. obliqua regrowth forest

soil.

v isolates similar to CMI1S5141

Litter Horizon Depth % Saprophytic Colonisation of Leaf Raits

(cm) Healthy forest Dieback forest Mear

4. UNDECOMPOSED .
! LEAF LITTER 0-0.5 35 52 4%
B. DECOMPOSED . t
OPRGANIC LITTER 0.6-1 50 86 68

. €. SURFACE OF .
ORGANIC SCIL 1~-2 90 100 g5°

'D. FEEDER ROOT + B
Z0NE 2-4 58 84" 71

E. SURFACE SOIL + t
4-10 52 79 65

F. DEEPER SOIL 10+ 37 12 25’

+ colonisation in soil from dieback forest ¢iffers from

that in healthy forest at (P=0.05)

a differs from b at (F=0.05)
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account for the large and increasing supply of substrate that would

be required for the develorment of the Cylindrocarpon sp. inoculum

observed in the regrowth forests. Cylindrocarpon sp. microsclerotia

are produced both in and frem colonised plant substrates including

leaf litter.
4.3.2b Nitrogen and Vitamin Sources

An exogenous source of nitrogen was essential for the growth of

Cylindrocarpon sp. in contvast to vitamins for which no essential

requirement was detected (Table 14). Growth of Cylindrocarpon sp.

was greatest an l-asparagine nitrogen while growth on . nitrate
nitrogen exceeded that on ammonium nitrogen. There is no evidence

from this ‘experiment, that thbe form of nitrogen is a critical factor

which may limit the growth of Cylindrocarpon sp.

As both Cylindrocarpon sp. and E. obliqua (Carrodus 3969} are able

to grow on both nitrate and ammonium nitrogen it is unlikely that
the form of nitregen has a maior effect on the growth of either the

plant or the fungus in the regrowth forests.

4.3.2¢ Soil Fungistasis

Rhizosphere soil from E. obliqua regrowth forests inhibited

germination of the Cylindrocarpon sp. macroconidia to various

degrees with germination pecentages ranging from 6 to 82% of the
sterile water control. The level of fungistasis measured in these
soils did not appear to be related to the health of the tree from
which the s0il had been collected. Variable levels of fungistasis

were also recorded in Cvlindrocarpon sp. microsclerotia incubated on
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TABLE 14 The effects of nitrogen and vitamin sources on the growth
of Cylindrocarpon sp. in liquid culture.

Dry wt of washed mycelial mats in mg.

No vitamins added Thianine HC1 é biotin Thiamine HC1
pius & biotin

No nitrogen aaded 0 0 ' 0 3.5
NaNO, 46.0 67.2 63.1 54.6
(H,),50, 42.5 37.4 _ 19.4 39.1
Lasparagine 62.0 68.1 66.3 61,7
Cas — @mino acids 46.0 49.8 49.3 24.0

LSD (P0.05) = 6.0
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rhizosphere soils from E. obiigua forests of different ages (Table
15). Soils from 67 year old forests severely affected by dieback
had the lowest levels of fungistasis in contrast to soils from
mature forest which had high levels of fungiétasis. The high level
of wvariation in fungistasis obscures an& statistical differences in
studies. All of the microsclerotia germinated when reincubated
above moist filter paper which indicated that the inhibition had
been due to fungistasis and not differences in the viability of the

microsclerotia.

Variable levels of fungistasis were also recorded when

Cylindrocarpon sp. macroconidia were incubated in volatiles in the

confined headspace above rhizosphere soils from E. obliqua forests.
Germination percentages ranged from 3 to 100% of the moist filter

:
/

paper controls but were not related to tree health in these studies.

While these three experiments demonstrate that a general
fungistasis does occur in regrowth forest soils no direct
relationship was apparent in these initial studies between the level

of fungistasis of Cylindrocarpon sp. and regrowth dieback. However,

the high levels of fungistasis observed may be an important factor

influencing the behaviour of Cylindrocarpon sp. in these forest

soils and should receive further study.

4.3.2d Vegetation

The headspace volatiles above the leaves and roots of a range of

forest plants resulted in variable levels of fungistasis in

Cylindrocarpon sp. macroconidia (Figure 12). The leaves and roots

of dominant rainforest flora resulted in consistent reductions in

these



TABLE 15 Fungistasis of Cylindrocarpon

8P,

microsclerotia

in soils of E. obliqua forests of different age.

Forest Age

% Germination of Microsclevrotia

Years Incubated on Forest soil When transferred to moist £ilter pape:
1 31 100
7 38 166

35 35 100

55 17 100

67 45 100

90 20 100

150 12 1900

250+ 34 icC

LsD

(P =0.05) = 22
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Figure 12 The effect of fungistatic volatiles from understorey vegetation

on germination of macroconidiaf Cvlindrocarpon sp.

Vertical bars indicate twice the standard error of each
treatment mean.
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germination whereas volatiles from E. obliqua and ferns, which
dominate the flora of regrowth forests did not appear to have any
fungistatic effect. The chemical nature of the fungistatic
volatiles was not studied but the fungistatic effect did diminish

with storage of the plant material.

Consequently fungistatic volatiles liberated by the roots and leaves
of the rainforest flora or from their associated micro-organisms may

influence the microbiology of Cylindrocarpon sp. in these soils.

This may contribute to the decline in the activity of Cylindrocarpon

'sp. observed in mature and oldgrowth forest soil.

These investigations demonstrate the important influence that the

environmental, physical and biological properties of soil can have

on the microbiology of dylindrocagpon sp. Cylindrocarpon sp.

appears to be well adapted for germination and growth in the
conditions existing in the soils of regrowth forests, in which it
may have a major competitive advantage relative to other soil fungi.
In contrast the physical, substrate and competitive environment of

oldgrowth forests may be less conducive to Cylindrocarpon sp. and

this may contribute to the decline of saprophytic potentials

recorded therein.

The compatibility of Cylindrocarpon sp. with the conditions existing

in the soils of E. obliqua forests, its consistent isolations from
forest soils and its close assocation with forest development

(Chapter 4.2), indicate that Cylindrocarpon sp. is a major natural

component of the fungal microflora in these forests.



4.4 The Survival of Cylindrocarpon sp.

The activity and development of a fungus in soil is governed not
only Qg factors influencing its germination aund growth, but alsc by
facters which influence its survival. Fungi may survive in seils in

several vays (Garrett 1970) which include:

(a) Dormant survival of resting propagules.

(b) Competitive colonisation of dead orgonic substrates.

(¢) Saprophytic survival within substrates infected during a
previous parasitic stage.

(d) Parasitic survival on susceptible hosts.

(e) Parasitic survival on nen susceptible hosts.

The role of each of the mechanisms was investigated in the survival

of Cylindrocarpon sp. in the soils of I. obliqua regrowth forests.

4.4.1 Dormant Survival

Both the microsclerotia and macroconidial chlamydospores of

Cylindrocarpon Sp. may contribute to dormant vrvival.

Microsclerotia from forest soils remained viable after 24 months
. . o . Ly

storage in aqueous suspensions at 2 C but were rapidly killed when

similar suspensions were heated for 1 hour at temperatures above

30°c. Cylindrocarpon destructans had also been shown to be

sensitive to heating (Bollen 1969).

The survival of conidial chlamydospores of Cvlindrocarpon sp. was

not tested although these spores were effective in dormant survival

in Cylindrocarpon destructans (Matturi and Stenton 19%64) and




Fusarium oxysporum f sp. cubense (Garrett 1970). Macroconidia of

Cylindrocarpon sp. were readily lysed by bacteria in forest soils

(Chapter 6) and rapidly lost viability when incubated in air at 10°¢

and do not appear to be important in dormant survival.

4.4.2  Survival by Competitive Colonisation of Dead Oxganic

Substrate

A fungus may survive in soil by the continued colonisation of

dead organic substrates (Garrett 1970) provided that it:

{1) has access to a sustained supply of suitable substrate;

(2) has the ability to colonise that substrate in competition with
other micro-organisms;

(3) has adequate incculum potential at the surface of the substrate

to be colonised.

Cylindrocarpon sp. has been shown to colonise E. obliqua leaf litter

in these forests and it is likely that the large quantities of
litter falling in such forests (Ashton 1975a) may consitute a major

source of substrate for Cyiindrocarpon sp. in forest soils.

Cylindrocarpon sp. has a' high inoculum potential in regrowth forest

soils capable of infecting leaf litter (Chapter 4.2.1, 4.2.2). The
high level of <colonisation of E. obliqua leaf baits by

Cylindrocarpon sp. also suggests that Cylindrocarpon sp. has a high

competitive saprophytic colonising ability for E. obliqua leaf
substrate but this ability was further examined under controlled

conditions.
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Materials and Methods

Soil from E. obliqua regrowth forest and sterile washed sand were

each mixed with Cylindrocarpon sp. inoculum to produce nixtures

consisting of 0, 2, 10, 50, 80 and 160% inoculum. The inoculum

consisted of a 3% cormnmeal, 97% sand mixture in which Cylindrocarpon
sp. had been grown for 6 weeks at 22°C. The soil and sand inoculum
mixtures were placed in Petri dishes, moistened and the E. obliqua
leaf disc technique was wused to determine the saprophytic

colonisation activity of Cylindrocarpon sp. in each of the soil or

sand inoculum mixiures.

Results and Discussion

The percentage of leaf baits which were colonised by Cylindrocarpon

sp. increased rapidly in the sands mixed with increasing amounts of

Cylindrocarpon sp. ipoculum but more slowly in the forest soils

(Figure 13). This may have been due to the higher levels of
antagonistic and competing micro-organisms existing in forest soil

than in sterile sand. Cylindrocarpon sp. appeared to have a high

saprophytic colonisation abilify under these conditions relative to

that reported for Cylindrocarpon destructans {Matturi and Stenton

1964) and other soil fungi (Balis 1975).

Consequently the high substrate supply, inoculum potential and
competitve saprophytic colonisation ability indicate that

Cylindrocarpon sp. should have a high-capacity to survive in these

forest soils via the saprophytic colonisation of substrate.
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4.4.3 Saprophytic Survival in Infected Substrate

A fungus mav survive within colonised substrate for varying lengihs
of time depending on the rate at which the substrate is utilised,
the cellulolysis rate, and the relationship between the cellulolysis
rate and the growth requirements of that fungus: the cellulolysis
adequacy index (Garrett 1970,. 1975a,b). To maximise saprophytic
survival the fungus should utilise substrate at the slowest rate
which is still sufficient to maintain its growth and competitiveness
relative to other fungi. While these principals may govern the
.saprophytic survival of a fungus other factors such as the
production of fungal toxins, the requirement of external nutrients
and the composition of the substrate also influence this form of

survival. Cylindrocarpon sp. does have a slow growth rate, a low

cellulolysis rate and is capable of producing fungal toxins

(Chapter 7.4) all of which are consistent with Cylindrocarpon sp.

having a high capacity for saprophytic survival in infected

substrate.
4.4.4 Parasitic Survival
The parasitic growth of a fungus, either as non pathogenic

infections or as latent infections may also constitute a means of

survival. Cylindrocarpon sp. colonises the cortex of the fine roots

of E. obliqua throughout the development of the forests (Table 10)
which may represent a form of parasitic suxvival. This is further

examined in Chapter 7.

The experiments in this chapter have examined factors which

influence the germination, growth and survival of Cylindrocarpcn sp.




in forest scils and may account for the observed increase in

population and activity of Cylindrocarpon sp. throughout the growth

and dieback of E. obliqua forests. Cylindrocarpon sp. is very well

adapted for growth and survival under the conditions existing in
these E. obliqua regrowth iforests and appears to be a natural
micrebiological component closely associated with fhe development,
dieback and succession of E. obliqua in these forests. However
further studies, which are described in the following chepters, are

needed to determine how Cylindrocarpon sp. may be involved in the

aetiology of dieback in the E. obliqua regrowth forests of southern

Tasmania.

F-
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CHAFTER 5

THE PATHOGENICITY OF CYLINDROCARPON SP. ON

E. OBLIQUA SEEDLINGS

The involvement of Cylindrocarpon spp. in plant disease has not been

clearly defined. VWhereas some studies have demonstrated primary
pathogenicity (Scholten 1964, Kluge 1966), many pathogenicity
studies have remained iunconclusive (Hann and Eno 1966) or have given
inconsistent results (Paget 1975). Similarly' some of the

pathogenicity studies with E. obliqua seedlings and Cylindrocarpon

sp. also failed to result in seedling mortalities even though root

infection was consistently confirmed (Chapter 3.8).

Most of the pathegenicity studies have been conducted on seedlings
in the glasshouse and with low levels of pure culture inocula.
Results from these studies may have little relevance to the
causation of diseases of older perennial plants in the field which
are often associated with a complex of contributing stress factors
(Chapter 3). Consequently it may be important to study the
pathogenicity of potential disease agents on plants which have been
preconditioned to the stresses and conditions existing in the field.
The experiments in this chapter attempt to examine the pathogenicity

of Cylindrocarpon sp. on E. obliqua seedlings under the inoculum,

envircnmental and plant conditicns likely to occur in E. obliqua
regrowth forests. In this way an attempt was made to relate the

pathogenicity of Cylindrocarpon sp. on seedling plants to an

vnderstanding of the invelvement of this fungus in root decay and

dieback of maturing regrowth forests.



5.1 The effect of increasing inoculum levels on the pathogenicity

of Cylindrocarpon sp.

The numbers of microsclerotia and activity of Cylindrocarpon sp.

igncrease greatly in the soils of developing regrowth forests and
this increase closely parallels the intensification of crown dieback
in these forests (Chapter 4.2). As the level of inoculum may
influence the initiation and expression of disease (Van der Plank
1975), investigations were conducted of the effects of increasing

levels of inoculum of Cylindrccarpon sp. on its pathogenicity to E.

obliqua seedlings.

Materials and Methods

Soil from healthy E. obliqua regrowth forests and washed sterile

sand, were mixed with different proportions by weight of

Cylindrocarpon sp. inoculum. The inoculum consisted of a 3%

cornmeal sand mixture on which Cylindrocarpon sp. had been grown for

six weeks at 22°C. Each of the soil or sand inoculum mixtures was
placed in six replicated pots, at 25g per pot, and five E. obliqua
seedlings which had been grown from surface sterilised seed on
sterile vermiculite for two months were transplanted into eacn pot.
The seedlings were grown at 12°C in natural light and were regularly
watered to field capacity. Seedling mortalities were recorded over
the following 50 days, when the roots of the remaining live
seedlings were removed from the soil, surface sterilised in 19%
sodium hypochlorite for 30 seconds amd incubBted on sterilé moist
filter paper for 5> days at 22°C. The percentage of rocts from which

Cylindrocarpon sp. was reisolated was determined at x 50

magnification.
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The same soils were then replanted with a further four, 2 month old
E. obliqua seedlings which were grown under similar conditions for a
further 37 days. Mortality and root infection levels were similarly

recorded in these seedlings.
Resulis and Discussion

Mortalities in the E. obliqua seedlings increased in botﬁ the sand
and forest soils with increasing levels of added Cylindrocarpon sp.
inoculum (Figure 14). Forest soils had higher mortality levels than
the sand at low levels of added inoculum which may be due to the

high natural populationrs of Cylindrocarpon sp. which were present in

the unsterilized forest soil. However the rate of increase in
mortalities with increasing additions of inoculum was similar for
both the sand and forest soil treatments and it is highly likely
that seedling mortalities in the forest soil were due to the

Cylindrocarpon sp. inoculum.

The level of Cylindrocarpon sp. root infection was distinctly higher

than the mortality levels in both the forest soil and sand series.
The rates with which root infection increased with added inoculum
also differed between the sand and forest soil. Root infections at
the lower additions of inoculum were lower in the forest soil,

which contained other micro-organisms, than in the sand which had

been sterilised to remcve competing micro-organisms.

Mortalities in the replanted E. obliqua seédlings were markedly
lower than in the initial plantiang in both the sand and forest soil

mixtures. However, root infection levels by Cylindrocarpon sp. were

similar to those in the first planting. The decrease in seedling
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mortalities appeared to be related to a decrease in the

pathogenicity but not the infectivity of the Cylindrocarpon sbp.

inoculum with age.

Infection levels in the roots of E. obliqua seedlings were similar
to the 1levels of saprophytic colonisation of 'g_‘. obligua leaf
substrate in similar sand or forest soil inoculum mixtures (Chapter
4.4.2). It would appear that the infection of the roots of living

E. obliqua seedlings by Cylindrocarpon sp. may be influenced by

similar factors to those which affect the saprophytic colenisation
of dead leaf baits. However, root infections -alone did not account
for root decay and mortalities in these E. obliqua seedlings as
mederate to bigh infection levels occurred even in apparently
healthy seediings at the low levels of added inoculum. This is

consistent with the isolation of Cylindrocarpon sp. from the fine

roots of young and healthy forest trees {Chapter 3.7) and the

non-pathegenic infections in previous studies (Chapter 3.8).

The distinct patterns of root infection and seedling mortalities

with increasing levels of Cylindrocarpon sp. inoculum suggest that a

root infection and a seedling mortality stage may exist in the

pathogenicity of Cylindrccarpon sp. on E. obliqua seedlings. Root

infection levels appeared to vary with soil factors but were not
greatly affected by the level or age of added inoculum. In contrast
seedling moratlities were less affected by soil factors but were

closely related te the level and age of added Cvlindrocarpon sp.

inoculum. The differences between two apparent stages in the

pathogenicity of Cylindrocarpon sp. on E. obligua seedlings is

further examined in Chapter 7.
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This experiment has demonstrated that the amount of Cylindrocarpon

sp. inoculum may have a major influence on the mortality of E.

obliqua seedlings and that at high concentrations, Cylindrocarpon

sp. may be pathogenic on E. obliqua seedlings. Consequently it is
highly 1likely that the marked increase in the population and

activity of Cylindrecarpon sp. in the soils and rhizosphere of E.

obliqua regrowth forests may also be a major factor which could
contribute to the increased recot decay and dieback recorded in the

regrowth forests.

5.2 Effects of Soil and Environmental Factors on the Pathogenicity

of Cylindrocarpon sp.

The development of dieback in the E. obliqua regrowth forests is
associated with a range of soil and enviroumental stress factors
which may influence tree growth directly and indirectly by

influencing factors such as the pathogenicity of Cylindrocarpon sp.

and other soil fungi. The following experiments examined the
effects of waterlogging, drought and defoliation stresses and low

temperatures on the pathogenicity of Cylindrocarpon sp. on E.

obliqua seedlings. The stress treatments were applied to the

| t=d

cbliqua seedlings at the time of inoculation thereby affecting both

the host plant and the fungal inoculum.

5.2.1 Waterlogging, Drought and Defoliation Stress

Materials and Methods

Waterlogging, drought or defoliation stress treatment were imposed

in potted E. obliqua seedlings which had been grown for 5 menthe in
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freely drained sand peat (1:1 mixture)(Baker 1957). The
waterlogging was imposed by standing 16 seedlings in individual
containers of water so that the water level was 2cm below the soil
surface and then allowing the water to be transpired to field
capacity (after 10-14 days) before reimposing the sama treatment.
The drought treatment involved repeatedly withholding water from
sixteen seedlings until wilting was apparent and then rewatering
them to field capacity. Defoliation consisted of removing all but
the upper expanded leaf pair and growing tip from each of the
sixteen seedlings. The defoliated seedlings and the 16 unstressed
control seedlings were regularly watered with deionised distilled-
water to free drainage. All seedlings were grown in a glasshouse at
18-22°C and received regular additions of Hoagland's autrient

solution as part of their watering treatment.

Four seedlings in each stress treatment were inocculated just prior
to the dimposition eof the stress treatments with either

Cylindrocarpon sp., Phytophthora cinnamomi, the two  fungi

combined or left uninoculated. P. cinnamomi was included in this
experiment to enable comparisons of its pathogenicity with that of

Cylindrocarpon sp. The inoculum consisted of half a fully grown

culture (9cm diameter) of the respective fungus which was mixed into
the surface 1lcm of soil around eaclh seedling. HMixed quarter
cultures were used in the dual inoculation to maintain similar total
amounts of fungal inoculum in all the treatments. The fungal

cultures had been grown on PDA and CMA for Cylindrocarpon sp. and P.

cinnamomi respectively. Disease symptoms “in the plants were
recorded for &0 days when all plants were harvested and the washed

root systems assessed for root decay by a visual rating method

(Table 16). Subsamples of root tissue were surface sterilised in 1%
p
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sodium hypochlorite for 30 seconds and plated on PDA and P10 VP

(Tsao and Ocana 1969) agars for the reisolation of Cylindrocarpon

sp. and P. cinnamomi respectively. The dry weights of leaves and

fine roots were measured for all seedlings.

Results and Discussion

Cylindrocarpon inoculation resulted in mortalities in single

seedlings in both the defoliation and waterlogging treatments.
These occurred after 72 and 11 days respectively. No mortalities
were recorded in the uninoculated control seedlings with these
treatments (Table 16). Mortalities were highest in the waterlogged
seedlings inoculated by P. cinnamomi. The imposition of a drought
stress at the time of inoculation did not result in seedling

mortalities in any of the inoculation treatments above that in the

uninoculated droughted seedlings.

Root rot increased significantly as a consequence of Cylindrocarpon

sp. inoculation in the defoliated seedlings whereas the smaller
increase in the waterlogged or unstressed seedlings was not

significant. Cylindrocarpon sp. appeared to be less damaging in

this respect than P. cinnamomi, which resulted in increased root
decay in stressed and unstressed seedlings. Watérlogging alone also
resulted in increased root decay but at lower levels than in the
inoculated and waterlogged seedlings. The survival of seedlings in
all waterlogged treatments was associated with the production of

adventitous surface roots. Both Cylindrocarpon sp. and P. cinnamomi

were consistently reisolated from the surface sterilised roots taken

from the root systems of inoculated living seedlings.

-
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TABLE 16  Mortality and root rot of E. obliqua seedlings following inoculation

STRESS TREATMENT

Inoculun Normal Waterlogged Defoliated Droughted

A. Seedling Mortalities at 80 days Dayw afTter ingculation wher -sscdlings diad

a, Uninoculated 0 c 0 45,45,49,¢
b.+ Cylindrocarpon 0 11 72 48, 64,64,78
c.+ P. cinnamomi ] 26,28,31 0 45,78

d.+ Cylind. + P, cim 0 28,35,54 G 45,45,45, 64

s

*
B. Root Rot at 80 days Mean of Rating 0-S5 LSD (P0.05) 0.9

2. Uninoculated 1.5 2.5A 1.3 1.0
b.+ Cylindrecarpon 2 3.0 A 2.8 1.8
c.+ P. cinnamomi 2.5 A 5.0 2.5 1.8
d.+ Cylind. + P. cinn. 2.5 3.8 A i.0 1.5
C. Reisolations of Cylindrocarpon from girfaced gterilized roots
a. Uninoculated (] 0 0 0 -
.+ Cylindrocarpon + - % +
c.+ P. cipnamomi 0 1 0 0
"d.+ Cylin. + P. cinn. + + < +
D. Reisolations of P. cinnamomi from surface sterilized roots
a. Uninoculated 0 0 0 0
b.+ Cylindrocarpon 0 0 (] 0
c.+ P, cinnamomi + + % *
d.+ Cylin. + P. cimn, + + % +

¢ Rating 1 =no rot, 2 < i0%, 3 = 11-40%, 4 = 41-90%, S = > 90%

A Adventitous Roots formed in Surviving Seedlings Only
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Inoculation with Cylindrocarpon sp. decreased the root and l}eaf

dry weightxin the defoliated and waterlogged seedlings, but had no
effect in, the unstressed controls (Figure 15). These results are
consistent with those of previous experiments (Chapter 3.8, 5.1)
which indicate that under conditions suitable for healthy seedling
growth, root infections but no mortalities or growth reductions

occur as a result of Cylindrocarpon sp. inoculation. Inoculation

with P. cinnamomi caused reductions in leaf and root growth in both

the stressed and unstressed seedlings.

There was no evidence of any synergism between Cylindrocarpon sp.

and P. cinnamomi in the dual inoculation treatments. Rather root
and shoot weights some of the plants with dual inoculation were
higher than in singly inoculated plants. Further studies on the

interaction of these two fﬁnéi are described in Chapter 7.

The results of this experiment indicate that Cylindrocarpon sp. was

capable of infecting the roots of stressed and unstressed E. obliqua
seedlings but only caused reductions in seedling growth, root decay
or mortalities in E. obliqua seedlings which had been stressed by
waterlogging or defoliation. In contrast, P. cinnamomi was capable
of causing root decay, growth reductions or death in the unstressed

as well as the stressed E. obliqua seedlings.
5.2.2 Low Temperature Stress
As the low temperatures in the soils of E. obliqua forests may

reduce root growth (Cremer 1975) and affect the activity of

Cylindrocarpon sp. (Chapter 4.3.la) investigations were conducted on

the pathogenicity of Cylindrocarpon sp. on E. obliqua seedlings at
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low =o0il temperatures similar to those occurring in the regrowth

forests.
Materials and Methods

E. obliqua seedlings, which had been grown in autoclaved vermiculite
for one month were transplanted singly into the surface soil of
twenty pots containing 500g of steamed sand peat mix (Baker 1937).

Ten of these pots had beea inoculated with a 3mm thick layer of

Cylindrocarpon sp. inoculum at 759 of the pot height while the other

-~

ten pots had been inoculated with a similar layer of sterile sand.

The ivoculum consisted of mixtures of sand and 3% cornmeal on which

Cylindrocarpon sp. had heen grown for 6 weeks at 22°C.  The

seedlings were grown in a naturally 1lit growth cabinet for 18 weeks
at 10°C when they were transferred to a glasshouse at 20-22°C for a
further 13 weeks. The seedlings were watered daily with free
drainage and received weekly additions of Hoagland's nutrient
solution. The iortality and growth of seedlings was recorded

periodically and the reisolation of Cylindrocarpon sp. from surface

sterilised roots as well as the leaf area and leaf and root dry

weights were determined after 31 weeks growth.

Results and Discussion

Two mortalities occured in the E. obliqua seedlings which had been

inoculated with Cylindrocarpon sp. whereas no mortalities occurred

. . . . , o
in the uninoculated seedlings during -the 18 Wweeks growth at 10 C.
The vrate of height growth over 18 weeks at 10°C was also
substantially lower in the inoculated seedlings, 4.2mm/week relative

to 7.6mm/week in the control seedlings (Figure 16). VWhen these
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seedlings were transferred to 22°C for a further 13 weeks the mean
height increment of all seedlings increased but remained
proportionally lower in the inoculated seedlings (Table 17). Leaf
areas, leaf dry weights and root dry weights at the end of the

experiment were all lower in the inoculated seedlings (Table 17).

Cylindrocarpon sp. was consistently reisolated from the surface

sterilised roots of the live inoculated seedlings.

The mortality of E. obliqua seedlings and the reduction in seedling

growth due to Cylindrocarpon sp. inoculation at 10°C in this

'experiment contrasts with the results of previous experiments
conducted at 18-22°C (Chapter 5.2.1). This may be associated with
higher' rates of root replacement at the higher temperatures.
However once debilitating infections have developed it would appear
that the infectioms and tﬁéir effects on plant growth may not be
reduced simply be a return to temperatures favourable fdr plant

growth.

These results show that Cylindrocarpon sp. is capable of infecting

and rotting the fine roots of E. obliqua seedlings under soil and
environmental conditions similar to those existing in regrowth

forests affected by dieback. However the pathogenicity of

Cylindrocarpon sp. on E. obliqua seedlings appears to be greatly
influenced by the effects of these soil and environmental factors
and they are likely to play a major role in the aetiology of dieback

in the E. obliqua forests in southern Tasmania.
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TABLE 17 The effect of {ylindrocarpon SpPe inoculation

leaf area and growth rates of E. obliqua seedlings

o 5O
107C and then transferred to 18-227C for a further

on the dry weight,
gYOWN for 18 weeks at
13 weeks.

CGrowth Parameter Seedlings Inoculated with Uninocvlated Contro
Cylindrocarpon sp. Seedlings

i. Height Increment mm/week

0-18 weeks at 10°C 4,2 @ 7.6

19-31 weeks at 18-22°C 18,7 © 33.5 ¢

. 2 4 + i

2, Leaf Axrca Week 31 mm” x 10 2.81 - 0.57 5,03 ~ 0.43
3. Leaf Dry Weight (g} week 31 2.00 © 0.27 2.93 X 0,32
4. Root Dry Weight (g) week 31 0.57 % 0.11 0.96 = 0.15
5. Root Shoot Ratio week! 31 0.27 0.32

a differs from b at (F=0.05)

¢ differs from 4 at (P=0.05)
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5.3 The Effect of Host Physiology on the Pathogenicity of

Cylindrocarpon sp.

Some insight into the zetiology of diseases of mature treeg may be
gained by imposing physiological conditions similar to those
existing in maturing trees in seedlings and studying the effects of
these induced stresses on the pathogenicity of fungi. The following
three experiments investigated the effects of a variety of
preinoculation stress  treatments on the pathogenicity of

Cylindrocarpon sp. in E. obliqua seedlings. The stress treatments

were all imposed prior to inoculation in order te test the effects
of the treatments on the physiology of the seedlings rather than the
effects of the treatments themselves on the activity of

Cylindrocarpon sp. In this way an attempt was made to increase the

relevance of these pathogenicity tests to the aetiology of dieback
in the E. obliqua regrowth forests. The stress treatments include
root pruning to decrease root shoot ratios, preinoculation drought
stress and stress asscciated with different growth stages in E.

obliqua seedlings of similar age.

5.3.1 Root Shoot Ratios

The transition of regrowth forests to mature forests may result in a
decline in the photosynthate available to fine roots which may
influence; the root shoot ratio, the ability of roots to take up
water; the replacement of fine roots and patterns of root exudation
(Bormann 1965, Aung 1974). The stresses -“resulting from these
changes may iafluence the pathogenicity of fungi. The following
experiment examined the effects of stress, associated with

differences in the root shoot vatio of E. obliqua seedlings on the

pathogenicity of Cylindrocarpon sp.
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Materials and Methods

E. obliqua seedlings which had been grown in 500g of sand/peat for
9 months were given one of four root pruning treatments. Either O,
25, 50 or 75% of the root systems and soil .of ten seedlings per
treatment were cut off vertically in sectors and repiaced into their
respective pots inside a plastic liner. The forty seedlings were
then grown in a natudrally it grewth cabinet at 10°C for 5 days to
allow them to recover from the immediate effects of the root pruning
treatments and develop physiological stress associated with their

altered root shoot ratios.

Ten fine root tips in five seedlings frow each pruning treatment

. . 3 . . 5
were then inoculated with 2mm™ plugs of Cylindrocarpon sp. culture

on PDA. The ten unsuberised vroot tips which had not been severed
from the seedling were inoculated by placing the inoculum through
flaps cut in the plasfic liner around the roots and soil. Five
control seedlings were similarly inoculated with piugs of water

agar.

Two seedlings, which had their tops cut off 5 days previously, were

also inoculated with either Cylindrocarpon sp. or water agar using

the same technique to establish the relative level of root infection

in decapitated plants.

The plants were grown in a growth cabinet at 10°C with natural light
and were watered daily to field capacity. The plants were inspected
regularly for disease symptoms and after 10 days all the inoculated
and control roots from each pruning treatment were removed, surface

sterilised (1% sodium hypochlorite for 30 seconds), and incubated on
yp ’



moist filter paper for 5 days at 22°C. The roots were examined for

the level of root infection by Cylindrocarpon sp.

The water tension within each of the seedlings was measured with a
pressure bO@b (Boyer 1967) following the pathoge%%ity‘ study to
establish the effects of the different root pruaing and inoculation
treatments on plant moisture stress. -

Results and Discussion

Neither the root pruning nor inoculation treatments resulted in the
death of E. obliqua scedlings. However, the percentage of

inoculated roots from which Cylindrocarpon sp. was reisolated

increased with increasing intensities of preinoculation root pruning
(Figure 17). All the roots of the decapitated seedlings were

infected by Cylindrocarpon sp. Seedling water tensions increased in

the 50% root pruning treatment.

Consequently the partial pruning of the roots of E. obliqua
seedlings appears to have resulted in the induction of stresses
within the seedlings which increased the susceptibility of the

remaining intact roots to infection by Cylindrocarpon sp. Further

investigations of the factors invoived in the changes in the level

of root infection on these seedlings are described in Chapter 6.1

5.3.2 Preinoculation Drought

While drought stress mav be an important factor contributing to

regrowth dieback (Chapter 3), previous pathogenicity studies failed

to demonstrate any increase in root rot or seedling mortalities in
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seedlings subjected to drought stress at inoculation (Chapter
-

5.2.1). The following experiment examined the effects of

preinoculation drought stress on the pathogenicity of Cylindrocarpon

sp. to E. obliqua seedlings on their return to field capacity.

Materials and Methods

E. obliqua seedlings which bhad been grown for 9 months in 500g of
sand peat in pots with plastic liners were given one of seven
different drought stress treatments. The treatments involved
withholding water from each of ten seedlings for 12, 10, 8, 6, &4, 2
and zero days prior to rewatering all seadlings to field capacity.
Five seedlings in each preinoculation drought stress treatment wzare

then inoculated with Cylindrocarpen sp. on each of ten roots per

seedlings as described in the last experiment. Water agar blocks

vere placed on ten roots of the five control seedlings per stress
. . \ L 0

treatment. he seedlings were grown in a growth cabimnet a 10°C for

10 days when the level of root infection by Cylindrocarpon sp.. was

determined as described in the last experiment.

The water tensions in the seedlings were measured using the pressure
bomb following the pathogenicity studies and the reimposition of the
original drought  treatments in  individual seedlings. The
reimposition of a second drought stress may result in different
water tensions in the seediings than in the first treatment and

should only be used as an indicator of relative stress levels.
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Resulte and Discussion

Neither the drought treatments nor the low level of root inoculation

with Cylindrocarpon sp. resulted in ths death of E. obliqua

seedlings. HNowever, root ianfection by Cylindrocarpon sp. was lower
in the unstressed seedlings and increazsed in seedlings receiving
increasing periods of preinoculation drought stress (Figure 18).
Seedlings which had been daily reQatered to field capacity also had
higher levels of infection than seedlings which were not stressed
but were growing in better drained soil which had been withheld from
water for two days (Figure 18). Water tensions only increased in

seedlings which had been withheld from watering for more than four

days.

The results suggest that physiological changes within the E. obliqua
seedlings as a consequence of previous drought stress, increase the

susceptibility of the roots to infection by Cylindrocarpon sp.

Further investigations of the changes induced by previous. drought

stress and how they may influence Cylindrocarpon sp. root infection

are described in Chapter 6.1.

5.3.3 Seedling Growth Stage

Changes in the physiology of trees during the transition of forests
from exponential to mature growth stages (Kozlowski 1971, Woolhouse
"1967) may influence the natural selection of the surviving genotypes
(Stern and Roche 1974) and the susceptibility of individual trees to
disease (Day 1960). Consequently an experviment was designed to
examine the effect of stress associated with changes in the stage of

growth of E. obliqua secdlings on the pathogenicity of



Tations from
ts

n re-isg
iqua o0

®

154

7

ob

ey
&

Cylindrocarpo

%

100 0
801 o HRES
e ]
#) ol
@
60} ] . &)
401 N 0
[
201, &
0 19
0. 2 4 o 8 10 12
Days of pre-inocuiation droughting .
ab a  ab ab ab b b

11646  132%14 128+ 167313  194+13  243%23  384%l4
Seedling water tension prior to rewetting and
inoculation {g/cm? x70.3)

Figure 18a Histogram illustrating Cvlindrocarpon sp.
infection of the roots of E. obliqua seedlings
which had been stressed by different pre-
inoculation drought stress treatments.

18b Percentage germination of Cylindrocarpon sp.
macroconidia on the surface of roots of seedlings
in the preiroculation drought stress treatments
.(Chapter 6.1).

a differs from b at (P=0.05)

waaf

1
S
h

u

P
[eLRDLUOD0ULDRU UCUAED04PUL

3

® 20V14NS

3

1004 pnb27¢o g U0 UOL



113

Cylindrocarpon sp. Different growth stages were induced in E.

obliqua seedlings of the same age by growing them in different
volumes of soil so that conditions for seedling growth may become
limiting at different times. The relative susceptibility of the
seedlings at the differeat stages of growth was then tested by

simultaneously inoculating them with Cylindrocarpon sp.

Materials and Methods

Plastic tubes of various sizes were filled with either 1€, 15, 25,
50 or 100g of autoclaved sand peat and a ﬁonth old E. obligua
seedling was planted in each of the twenty drained tubes per
treatment. The seedlings were grown at 18-22°C in natural light and
were regularly watered by weight to field capacity with distilled
water or periodically with Hoagland's nutrient solution. The height
of individua} seedlings was measured every week and height increment
for each treatment plotted to obtain a series of growth curves

(Figure 19).

After 74 days growth, when the seedlings in the smaller soil volumes
had ceased exponential growth but the seedlings in the larger soil
volumes were still growing actively 16 seedlings in each treatment

were inoculated with Cylindrocarpon sp. The inoculum comprised an

aqueous suspension of CYlindrocarpon sp. macroconidia (96,000/ml)

which was applied to the surface soil of each inoculated seedling to
bring that seedling back to its field capacity weight. This
inoculation was designed to give all seedlings a comparable inoculum
dose relative to their current growth or water use. The smaller
secdlings received approximately 30% of the incculum, of the larger,

vigorous seedlings. The seedlings were grown for a further 21 days
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o . . - .
at 18-22°C when their roots wers wvashed free of soil, surface
sterilised in 1% sodium hypochlorite for 30 seconds and incubated on

filter paper for 5 days at 22°C. Root infections by Cylindrocarpon

sp. were assessed at x 40 magnification. The root and shoot dry

weight of each seedling was also determined.
Results and Discussion

Changes in the growth vrate of the different treatments wvere
calculated from Figure 19 and were expressed as the height increment
over the 17 days prior to inoculation as a fercentage of height
increment over the preceding exponential growth phase. The
reduction in height growth following inoculatien was greatest in
seedlings in the 15g soil treatments and least in seedlings in the
100g treatments (Table 18). »Seedlings in the 25g treatments were
smaller than those in the 10g or 15g treatments possibly due to the

shallower soil depth in their larger diameter tubes.

Cylindrocarpon sp. inoculation resulted in low levels of mortzlities
in seedlings approaching the plateau growth stage (21% mortality in
the 25g treatment) as well as in some of the seedlings at the
transition from exponential to plateau growth (25% mortality in the
15g treatment). No mortalities were recorded in seedlings which
were still in the exponential growth stage (50 and 100g treatments)
*in spite of these seedlings having received higher doses of

Cylindrocarpon sp. 1inoculum. The absence of mortalities in

seedlings in the 10g treatment may be related to the comparative low

dosage of Cylindrocarpon sp. inocuwlum relative to the size of these

seedlings.



TABLE 18 The pathogenicity of Cylindrocarpon Sp.

11da

at different stages of growth.

treatment.

Mean response in 16 seedlings per

on E. obliqua seedlings

Plant Response

Seil Quantity te Induce Variocus Stages of Growth (g)

10 15 .. 25 S0 100
A. Crowth Stage at Inoculation
Height increment mn/week
(a) Current growth rate 0.5 .4 0.5 i.2 2.1
'(b) Foxmer growth rate 3.5 3.8 2.8 4.3 5.5
yCurrent growth (a) as a & of

former growth rate (b) 14 10.5 18 28 58

B. Plant Characteristics at Harvest
Height (mm) 44 I 1 45 I 2 3621 51 % 3 621 3
Shoot Dwt (mg) 25 %2 2023 14 % 2 24 L3 5216
Root Dwt (mg) 6.120.7 59206 4.320.5 6.91.0 14.7 F1.6
Root_Shoot Ratio 0.23 0.31 0.31 0.28 0.29
C. Inoculum Added (ml)

2.2 2.8 3.3 4.4 9.3
D. Response to Inoculation
Root Infection
No, examined 158 185 198 217 233
% Infected 7327 1717 7317 929 3355
% Infected/ml inoculum 33 23 22 11 4
Mortalities
% geedlings pilled 0 25 21 ¥ 0
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The reisolations of Cylindrocarpon sp. from the roots of the E.

obliqua seedlings was highest in seedlings during the transition
from exponential to plateau growth (10, 15 and 25g treatments) and
decreased in seedlings which were still growing actively (50 and

100g treatments). The 1level of vroot infection per unit of

Cylindrocarpon sp. inoculum was also highest in the seedlings at the
transition from exponential to plateau growth and decreased in
seedlings which were still growing actively. Intermediate levels of

root infection per unit of Cylindrocarpon sp. inoculum occurred in

the seedlings approaching their mature growth stage (25g treatment).

Consequently stress associated with the stage of growth may
influence the susceptibility of E. obliqua seedlings to infection by

Cylindrocarpon sp. Seedlings which were still growing actively wers
g g

less susceptible to infection by Cylindrocarpon sp. than seedlings

at the transition from exponential to plateau growth in spite of the
substantially higher levels of inoculum which were added to the

larger seedlings.

Each of the last three experiments indicate that the physioclogy of
E. obliqua seedlings may change as a result of stress-and that this

change may affect their susceptiblity to infection by Cylindrocarpon

sp. The physiological changes and increased susceptibility to

Cylindrocarpon sp. occurred within the prestressed plants which had

been inoculated at field capacity and are likely to be independent
of the effects of these stress treatments on the activity of the
fungus. While cautien is needed in extending the results of seedling
pathogenicity studies to the regrowth forest previous studies
indicate that similar stress factors occur in regrowth trees where

they may also influeuce infection of fine roots by Cylindrocarpon



sp. inoculum. The increased yroot decay and dieback in trees on
shallow soils with restricted root growth, the contimmation of
dieback even on return te soil moisture conditions favourable for
tree growth and the high level of dieback in former dominant trees
during the transition of regrowth forests to mature forests may not
be inconsistent with the increased susceptibility of E. obliqua

seedlings subjected to similar stresses in these experiments.

The experiments in this chapter indicate that Cylindrocarpen sp. can

infect the fine roots of E. obliqua seedlings, cause growth

reductions, and under some conditions, the death of L. obliqua

seedlings. Furthermore these studies demonstrate the important.role

that particular site, inocnlum and stress factors may play in the

3

pathegenicity of Cylindrocarpon sp. on E. obliqua seedlings. The

stress conditions investigated in these experiments have attemped to
predispose the E. obliqua seedlings to conditions similar to those
in the E. obliqua regrowth forests and thereby increzse the
relevance of these pathogernicity studies to the understanding of -the
aetiology of dieback in maturing E. obliqua forest in southern

Tasmania.

When considered in the context of the various envirommental, bost
and inoculum conditions previously associated with regrowth dieback
the results of these and previous pathogenicity studies suggest that

Cylindrocarpon sp. may be a major contributing factor in the root

decay and dieback of the E. obliqua regrowth forests in southern

Tasmania. However Cylindrocarpon sp. should be regarded as one

factor in the dieback complex and not as a single, bighly

destructive or exotic causal agent.
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CHAPTER 6

CYLINDROCARPON SP. IN THE E. OBLIQUA RHIZOSPHERE

The previous pathogenicity studies indicate that Cylindrocarpon sp.

can be pathogenic on E. obliqua seedlings. HNowever these studies do
not show how this occurs nor what factors influence the process of
root infection and decay. Consequently the following experiments

examined  factors affecting Cylindrocarpon sp. inoculum in

rhizosphere soil from E. obliqua regrowth trees Lo determine how
they may inflvence root infection, root decay and dieback under the

conditions likely to occur in regrowth forests.

6.1 The Association Between Fungistasis in the Rhizosphere of E.

obligua and Root Infection by Cylindrocarpon sp.

The infection of E. obliqua roots by Cylindrocarpon sp. may be

influenced by factors which affect either or both the susceptibility

of root tissue or the activity of Cylindrocarpon sp. ot the root

surface. However the activity of the large quantity of

Cylindrocarpon sp. inoculum iu the root zone of regrowth trees is

affected by numerous fungistatic or competitive factors (Chapter 4)
which may influence the infection of E. obliqua roots by

Cylindrocarpon sp. (Chapter 5.1). Consequently the relationship

between physiological stress, fungistasis and root infection of E.

obliqua by Cylindrocarpon sp. needs to be investigated. The
following experiment examined this relationship in conjunction with
the previous preinoculation root pruning and dJvought stress

pathogenicity studies.
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Materials aund Methods

The fungistasis of Cylindrocarpon sp. macroconidia was examined on

the surfaces of roots in two aninoculated E. obligua scedlings from
of A

each g the <root pruning treatments and all but twe of the

preinoculation drought stress treatments (Chapters 5.3.1, 5.3.2).

Strips of cellophane which had been washed, autcclaved and brush

inoculated with Cylindrocarpen sp. macroconidia were carefully

folded and placed across five of the roots which had not been
inoculated with water agar plugs. The centre of the strip was
placed in direct contact with the root surface while the two ends
were in contact with the survounding soil. The strips were held in
place by the plastic liner for 25 hours and were then carefully
removed and stained in lactophenol trypan blue. The percentage

germination of Cylindrocarpon sp. macroconidia was assessed at both

the root contact zone and 8mm to either side of this zone to record
fengistasis at the rhizoplane and in the surrounding soil
respectively. The seedlings were then maintained for a further 9

days as part of the pathogenicity study.

Results and Discussion

The percentage germination of Cylindrocarpon sp. macroconidia was

higher in the root zone of unstressed seedlings when compared with
the adjacent soil (Table 19). With increasing stress prier to
inoculation the relative differences between germination on the
roots and in the surrounding so'il declined €o the e?:tent that no

differences were apparent at the highest stress levels.
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TARLE 19 Fungistasis of macroconidia of Cylindrocarpon sp.
on the surface and in the soil surrounding roots
of E. obliqua seedlings which had received
d¢ifferent pre-inoculstion stress treatments.

Pre inoculation % Germination of Cylindrocarpon macroconidia
Stress Treatment On Root Surface In Adjacent Soil

A, Root prTuning stress

0% of roots pruned 68 56
25% of roots pruned 76 69
50% of roots pruned 85 87
75% of voots pruned 81 82
Decapitated 71 66

3
B. Pre inoculation drought

Water witheld

0 days 68 56
4 days 37 50
g days 63 51
10 days 75 h 74
12 days 77 82

LSD =10 (P=0,0S)
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The percentage of macroconidia which germinated on the root surface
increased "with increasing levels of preinoculation stress in both
experiments (Table 19) (Figure 17, Figure 18). This increase was

associated (r2 = 0.79) with the increase in the level of root

infection by Cylindrocarpon sp. in these experiments. Consequently

root infection by Cylindrocarponr sp. was inversely associated with

the fungistasis of Cylindrocarpon sp. on the root surface.

The E. obliqua seedlings in both of these experiments were of
similar age, had been grown in similar soils "and envircnmental
conditijons and are likely +to bhave had similar rhizosphere
microfleras prior to the stress treatments. The differences in

Cyvlindrocarpon sp. fungistasis on the <xroot surfaces of these

seedlings are therefore most 1likely to have vresulted £from
physiological differences in these seedlings due to  the
preinoculation stress treatments. Root exudates increase following
stress (Katznelson 1955, Martin 1957, Beute and Lockwood 1968, Bowen
1969, Vancura and Garcia 1969) and it is possible that differences
in root exudation by the E. obliqua seedlings may have influenced

the fungistasis of Cylindrocarpon sp. macroconidia and the level of

root infection in these experiments.

The higher germination of Cylindrocarpon sp. macroconidia on the

root surface of the unstressed seedlings relative to those in the
surrounding soil, the increase in germinaticn on the root surface
with increasing stress and the progressive extension of this
stimulation into the surrounding soil with increasing stress are all
consistent with an increase in the release and spread of root
exudates as a result of the previous stress treatments. However

further studies need to be conducted on the relationship between



stress, root exudates and the fungistasis of Cylindrocarpon sp. in

order to confirm this possible explanation.

6.2 Changes in Root Exudates Following Stress in E. obliqua

Seedlings

The intensification of dieback in the E. obliqua regrowth forests
has been associated with factors which may contribute io periodic
moisture stress (Chapter 3). If such stress factors alté;: root.
exudation in E. obligua it is conceivable that this may influence

the fungistasis of Cylindrocerpon sp. and thereby affect root

infection. Consequently the relatrionship between previous drought
stress, increased root exudation in E. obiiqua seedlings and the

fungistasis of Cylindrocarpon sp. inoculum was investigated in the

following experiments’

Materials and Methods

E. obliqua seedlings were grown for one month from surface
sterilised seed on sterile filter paper moistened "with Hoagland's
nutrient solution. Drought stresses were imposed in the seedlings
by transferring them onto agars of varying water activities, a
0.999, 0.590, 0.980 for 72 hours at 22°C (Appendix 1). The
seedlings were then transferred onto 1% water agar for a further 48
hours to allow root exudates to diffuse from the stressed seedlings
into the water agar. The root exudates released during the 48 hour
post stress period were tested for their capacity to stimulate

germination of Cylindvocarpon sp. macroconidia. The root exudates

were also extracted for identification by thiu layer chromatography.
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The effect of the root exudates on the germination of Cylindrocarpon

sp. macroconidia was examined by applying known quantities of the
crude exudate or chromatographically separated exudate fractiomns to
vpieces of washed sterile filter paper (lcmz) on glass slides. The
five replicate filter paper squares of each of the extracts were
moistened with sterile distilled water and overlain with stexrile

cellophane which had been brush inoculated with Cylindrocarpon sp.

macroconidia from & 7 day old PDA agar culture. The glass slides
were incubated for 20 hours at 22°C in Petri dishes above filter .
paper which had been saturated with allyl alcohol solutions of
different concentrations (see TFigure 20). The allyl alcohol
suppressed the germination of macroconidia on the control slides and
allowed any stimulation of germination as a result of the rxoot

exudates to be accurately measured (Balis 1976). .

The root exudates were extracted from the water agars by freezing,
thawing, centrifugation and decanting the aqueous suspension or by
methanol extraction. The root exudates were separated and
identified by thin layer chromatography using cellulose and silica
gel G plates and the methods, reagents and identification criteria
described by Stahl (1965). Thesea are outlined in Table 20. The
detection and characterisation of an unknown fluorescent compound in
the exudate was made using a Unicam SP800 scaaning U.V.
spectrophotometer.

i

Results and Discussion

The germination of Cylindrocarpon sp. macroconidia was consistently
stimulated by water or methanol extracts from drought stressed E.

obliqua seedlings when compared with similar extracts irom
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unstressed seedlings or water controls (Figure 20). Germination
percentages in the headspace above 20ppm allyl alcohol were 83, 60
and 39% for 10yl of unconcentrated extracts from the drought

stressed, unstressed and water controls respectively.

Thin layer cﬁromatography of the root exudates consisfently resulted
in the detection of increased quantities of five substances from the
drought stressed seedlings vrelative to those exuded 1in the
unstressed controls. The properties of these substances are

summarised in Table 20.

Each of the opurified exudates stimulated germipation of
Cylindrocarpon sp. macroconidia when tested above allyl alcohol.
Positive identification of the unknown fluorescent compound by
nuclear magnetic resonance and infra-red spectroscopy was not
successful due to the small quantity of material. .azvailable.
Increased coumarin exudation has been reported from the roots of
drought stressed plants (Martin 1957) and the properties and U.V.
spectra of these coumarins appear to be not unlike those of the

unknown compound isolated in these studies.

The consistent exudation of increased quantities of these compounds
from the roots of drought stressed E. obliqua seedlings is
consistent with results of Katznel=zcn et al (1935) and Martin (1957)

They support the hypothesis that the increased germination of

Cylindrocarpon sp. macroconidia on the surface of E. obliqua roots
in the previous experiment (Chapter 6.1) may have resulted from
increased levels of root exudatior by the E. obliqua seedlings as a
consequence of stress treatments. The level and nature of exudates

from the roots of E. obliqua seedlings may be an important factor



TABLE 20

of root exudates {rom E, obliqua scedlings,

The effects of prior drought stress on the levels and fypes

Seedlings had been placed on agars of various watexr activities prior %o
transfer to water agar and extraction of the exudates as described in the

text.

in response to previous drought stress,

The table summarizes details of exudate fractions which increased

Exudate Isolation on £ Tentative Levels of exudation after transfer fror
No. cellulose thin Identification agars of water activity +
layer plates .
: 0.999H 0,999¥  0,990H 0.930W 0.380%
1 Blue flourescence 0.58 Postive to FeCl3
with U.V. KFe(CN)6 - 1 i 3 6 1c
possible phenolic
2 Purple spot with 0.43 Cochromatographed
winhydrin spray with separtic acid 4 6 8 10 i0
3 Purple spot with 0.52 Cochromatographed
ninhydrin spray with glutamic acid 0 0 o 3 5
4 Brown spot with 0.18 Cochromatographed
AgN03~NH4OH with glucose 1 2 2 4 6
5 Unstained spots 0.15 Positive to FeCl,
with AgNO,_-NH OH H,0, possible 1 0 5 2 10

37y

™~

couinarin

+ Relative-levels of exudation (0-10) based on spot size and intensity in healthy

(H) and wilting (W) E. obliqua seedlings.

“
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which can influence fungistasis of Cylindrocarpon sp. on the rcot

surface and thereby the level of root infectiom. If similar
responses occur in the roots of regrowth trees it may explain part

of the relationship between moisture stress, root infection by

Cylindrocarpon sp. and the aetiology of dieback in E. obliqua

regrowth trees.

6.3 Changes in the Population of Rhizosphere Micro-organisme in

Forest Trees

Changes in root exudates in forest trees are likely to influence not

only Cylindrocarpon sp. but alsc the other micro-organisms in the E.

obligua rhizosphere. As these micro-organisms may greatly affect the

activity of Cylindrocarpon sp. in the E. obliqua rhizosphere studies

were conducted of how the populations of rhizosphere micro-organisms
may change in relation to increasing age of the E. obliqua forests,
changes in the growth rate of dominant regrowth trees, and in

eucalypt species which are susceptible or resistant to dieback.

Materials and Methods

The following procedure was used in each of three {ollowing
experiments. Eucalypt root samples, less than 1mm in diameter, were
collected from 8 to 10 locations around each tree and stored
overnight at 2%¢. Loosely adhering soil was shaken free from the
roots and 0.5g of fresh roots were agitated in a tube containing 10ml
of sterile distilled water with & vorteR mixer to disperse
micro~organisms from the roots. Aliguots of this suspension were
plated on a range of media (Appendix 1) using the dilution plating

technique. The nwwmbers of bacteria, actinomycetes and fungi growing
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on the¢ respective agars were counted after incubating the plates for

120 hours at 22°C.

While the limitations of the dilution plating techrique are
recognised, these studies examined the relative differences in
population of rhizosphere micro~organisms between similar root
materials and are likely to be some guide to the changes occurring

on the surface of E. obliqua roots.

The first experiment exasmined the effects of increasing forest zge

on the numbers of rhizosphere micro-organisms. E. obligua roots

4]

(0.5g) were collected from four trees in each of nine forest

I~y

ranging in age from 1 to 250 vears. The relative uumnbers o
s . 0 . 1 .
bacLerla)actln?ycetes and fungi on these roots were determined on

dilution plates of glycerol asparagine agar..

The second experiment examined changes in the relative numbers of
actinomycetes in the rhizosphere of E. obliqua regrowth trees &hich
were at various stages of incipient dieback. Ten E. obliqua
regrowth trees for which diameter growth data was available (CSIRO
Division of Forest Research pers. comm.) were selected in each of
the three regrowth forests. The forests were growing on similar
yellow podzolic soils but were either 52, 64, or 90 years of age.
The number of ac£inomycetes on the surface of 0.5g of five roots
from each of the trees was determined by dilution plating on
glycerol-asparagine agar and related to an index of incipient
dieback. This index was based on the <urrent°diameter increment of
the tree as a perceastage of the diameter incremeni over the
preceding five vyears and had been found to indicate the current

vigour of the tree and its likely predisposition to regrowth

2

dieback.
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The third experiment compared the population of micro-organisms on
the surface of roots of healthy E. 6bliqua, .E. regnans and K.
globulus regrowth trees of similar age which were growing adjacent
to each other on the same soil. E. globulus, a member of the
subgenus Symphomyrtus, is only slightly affected by dieback (Bowling
and McLeod 1968) whereas E. obliqua and E. regnans of the subgenus
Monocalyptus are severely affected by dieback. This is consistent
with the susceptibility of other members of these eucalypt subgenera
to dieback throughout Australia (Tippett et al 1976). Soil and root
samples (0.5g fresh weight) were collected from under the respective
treces and the numbers of fungi, bacterxria and actinomycetes were
determined by dilution plate studies or soil plate studies using a

range of agar media {Appendix 1, Table 23).

Results and Discussion

6.3.1 Changes in Rhizosphere Micro-organisms during the

Development of E. obliqua forests

The numbers of bacteria and actinomycetes in the rhizospheres of K.

X

obliqua decreased from high levels in vigorous young seedlings on
recently burnt soils tc low levels in 55 to 70 year old regrowth
forests (Figure 21}. The numbers of actinomycetes, but not
bacteria, increased in the rhizospheres of mature and oldgrowth
forests. The numbers of fungi also decreased in the rhizosphere of
regrowth trees relative to the numbers in very young or mature
forests. The decrease in the numbers of bacté}ia and actinomycetes
in the rhizospheres of E. obliqua trees from 0 to 70 years of age
2

was inversely associated {r~ = 0.79) with the development of

Cylindrocarpon sp. microsclevotia in rhizosphere soils from the same

trees (Chapter 4.1).
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Changes in rhizosphere micro-organisms during the development of

these forests may influence the activity of Cylindrocarpon sp. on

the E. obliqua root surxface. Many of the rhizosphere bacteriz and
actinomycetes when grown on agar produced volatiles whick werxe

fungistatic to Cylindrocarpon sp. when tested in agar plate studies

(Chapter 4). If similar fungistatic responses also occur in these

soils in the

| =i

obliqua forests maximum fungistasis of

Cylindrocarpen sp. inoculum may be expected in young forests on

recently burnt ground while minimum fungistasis may be expected in

regrowth forests from 55 to 70 years of age. The Cylindrocarpon sp.

inoculum may therefore be most active during the transition of
regrowth forests to mature forests which is consistent with the
period of intensification of dieback in some of the former dominant

trees.

6.3.2 Changes in the Numbers of Actinomycetes in the Rhizosphere of

Regrowth Trees at Various Stages of Incipient Dieback-

The current diameter growth in individual regrowth treess varied from
40 to 230% of their previous average growth rate. Current growth
rates were generally high due to above average rainfall. This index
of current growth was higher in the younger, 52 year old forest, and
lowest in the 64 year old regrowth forest which was severely
affected by dieback. The index of current growth in individual
trees in the 90 year old forests varied widely and ranged from 70 to
230% of their former growth rates. This index of current diameter
growth was not related to the size or.former deminance of the tree.
Many of the smaller subdominant and codominant trees were growing
faster, relative to cheir former growth rates, than some of the
larger dominant trees. This is consistent with the growth ring

studies on E. obliqua in these forests (Chapter 2).
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The numbers of actinomycetes in the rhizosphere of E. obliqua
regrowth trees were directly associated with the current diameter
growth index in each of the three forests (Figure 22). Trees which
were growing vigorously had high numbers of actinomycetes in their
rhizospheres whereas trees with poor growth had lower numbers of

actinomycetes in their rhizospheres.

These changes in the population of rhizosphere actinomycetes during
the decline in diameter growth may reflect changes in root exudation
during the transition of regrowth forests to mature forests. TFormer
dominant trees are likely to be subject to relatively higher levels
of growth decline than former subdominant trees (Chapter 2) and may
have greater reductions in the level of sustainable root exudate
than former subdominant trees. These changes in root exudation are
likely to affect the numbers and activity of micro-organisms in the
E. obliqua rhizosphere. Cultures of actinomycetes from the
rhizosphere of E. obliqua regrowth trees did producé volatiles

fungistatic to Cylindrocarpon sp. If similar fungistatic volatiles

are produced in regrowth forests they may greatly affect the

activity of Cylindrocarpon sp. on the roots of E. obliqua regrowth

trees.

6.3.3 Micro-organisms in the Rhizosphere of Euclaypts Species which

are Susceptible or Resistant to Dieback

The numbers of Dbacteria and actinomycetes isolated from the
rhizosphere of regrowth trees were- consistently higher on E.

-

globulus than on either E. obliqua or E. regnans {(Tabie 21). UXo
clear differences were apparent in the numbers of fungi isolated
from the roots of these three species on the range of mediz and

methods used. Differences in the micromorphology of L. globuius, E.
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TABLE 21
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Numbers of microorganisms in the rhizosphere and soil surrounding
regrowth trees of different eucalypt species and health. Mean of
seven samples per treatment.

Organisms § Media Dilution E. obliqua healthy E. ragnang dieback E. glebulushealihy
for Isclation forest . forest forest
- Soil  Rhizosphere Soil  Rhizosphere Soil  Rhizosphere

1 a FUNGI - TOTAL
.1 Nutrient agar 163 4.5 32 5.4 85 5.2 61
.2 Soil extract agar  10° 6.4 7.6 11.0 38 25.0 53
.3 Basal agar 103 - 20 - 43 - 2

b Pythiaceae
P, VP - dilution pl  10° - 4.0 - 6.4 - 3.1
P VP - Warcup soil pL - 87% 90% 65%

¢ Phytophthora
P, VP - dilution pl.  10° 0 0 0 0 0 o
PmVP - Warcup soil pl, - 6 - o - ¢ -
2 BACTERIA

.1 Nutrient agar 10° 12 18 12 1% 12 36
.2 Soil extract agar 10 62 33 68 38 57 42
.3 Basal agar 10° - 6.7 - 2.0 - 04
A PIOVP agar 105 - 13 - 14 - 48
.5 Warcup soil pl. - 50% - 47% - 70% -
3 ACTINOMYCETES

.1 Glycerol 10* - 4.1 - 6.6 - 200

asparaglne agar
.2 Basal agar 10* - 0.9 - 0.8 . 300

¥ Details of medisin Appendix I
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regnans and E. obliqua roots were not detected and are unlikely to

have greatly affected these results.

The substantially higher numbers of actineomycetes and bacteria in
the rhizosphere of E. globulus regrowth trees relative to those in
the rhizosphere of E. obliqua and E. regnans may be an important
factor influencing the susceptibility of fine roots of these species

to infection by fungi includiﬁg Cylindrocarpon sp. The rhizosphere

micro-organisms are capable of producing volatiles fungistatic to

Cylindrocarpon sp. in plate studies and if these also occur under

forest conditions they may contribute to the lower levels of root
decay and dieback observed in E. globulus in regrowth forecots.
Similar studies have also revealed higher populations of rhizosphere
micro-organisms, which are antagonistic towards P. cinnamomi in
culture studies, in E. calophylla of the subgenus Symphomyrtus which
is more resistant to dieback than in E. marginata cf the sabgenus
Monocalyptus which is sensitive to dieback (Malajczuk and McComb

1979).

Consequently the numbers of micro-organisms in the rhizosphere of E.
obliqua may change markedly during the development of the forests
and in individual trees during their tramsition from regrowth to
mature - growth =stages. Actinomycetes in particular were most
numerous in the rhizospheres of young vigorous regeneration, in
healthy regrowth trees not affected by incipient declines in
diameter growth and in species of eucalypts which are ?esistant to

dieback. These microorganisms can affect the activity of

Cylindrocarpon sp. in the rhizosphere. Therefore the changes in the

numbers and types of micro-organisms in the rhizosphere of E.

obliqua, and the factors which govern their population and activity,
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are likely to be dimportant in influencing the bechaviour of

Cylindrocarpon sp. inoculum on the surface of E. obliqua roots and

on the basis of earlier studies (Chapter 6.1) the level of root

infection.

6.4 A Hypothetical Model of Cylindrocarpon sp. in the Rhizosphere

of E. obligua Regrowth Trees

Factors in the rhizosphere of E. obliqua regrowth trees appear to
greatly affect the numbers {(Chapter 4.2.1}, activity (Chapter 4.2.2)

and infectivity (Chapter 5.1) of Cylindrocarpon sp. The infection

of E. obliqua rocots by Cylindrocarpon sp. was found to be closely

related toc the fungistasis of inoculum on the root surface {Chapter
6.1) and may be influenced by changes in root exudates and the
micro-organisms in the vhizosphere. It would appear that three
components are involved in this rhizosphere effect; the inoculum

dosage of Cylindrocarpon sp., the level and composition of root

exudates and the qualitative and quantitative characteristics of the
rhizesphere microflora. ZFXach of these may interact with the other
and change as 2 consequence of age, growth and stress factors. As
the resultant effect of their interaction may be important in

determining the activity of Cylindrocarpon sp. in the rhizosphere of

E. obliqua regrowth trees a hypothetical model was formulated toc try
to explain some of the possible consequences of these interacticens.
The following section describes this hypothetical model and the
experiments designed tc¢ test its validity using rhizosphere soils

RN -

from regrowth forests. ) -7
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6.4.1 Description of the Model

The hypothetical model (Figure 23) is based on the following

observations and assumptions.

(a)

(b)

a

Compounds are exuded from the roots of plants at various
compositions and levels depending on plant and envivommental
factors.

These exndates enter the rhizcsphere where they may be utilised
and thereby influence the germination and activity of a wide
range of rhizosphere micro-organisms.

The degree of which the germination and activity of the fungal
inoculum in the rhizosphere is stimulated or retarded iz likely
to depend on the nett effects of stimulatory root exudate and
fungistasis by rhizosphere micro-organisms utilising some of
the exudates. The sustained exudation of high levels of
exudate may be expected to sustain a high population of active
rhizosphere micro-organisms. This would {fully utilise the
exudate and result in high levels of fungistasis. As a result
mest of the fungal inoculum may remazin inactive as indicated in
the rhizosphere of healthy young E. obliqua regeneration

(Chapter 4.2.2).

In contrast, where there is a decline in root exudates, such as
due to sustained decreases in photosynthate, the populaticn and
activity of rhizosphere micro-organisms may also decline and
result in a decreased producticn of fungistatic metabolites.
This cculd allow an increase in fungal activity. Short term
increases in root exudates due to stress or wounding of roots,

may result in exudate levels above those which can not be fully



(d)

utilised by the depleted rhizosphere microflora. The excess
substrate may then stimulate the germination and growth of the
fungal inoculum on the root surface. This is consistent with
the effects of moisture stress on root exudation by E. obliqua

and the observed effect on Cylindrocarpon sp. fungistasis and

root infection  (Chapter 6.2, 6.1). Coﬁsequently the
germination of fungal inoculum in the rhizosphere would depend
orn the balance between levels of stimulatory exudates from the
roots and fungistasis resulting from the use of these exudates

by the rhizosphere micro-organisms.

Once the fungal inoculum has germinated it may either iunfect

(]

the host rcot, be lysed, or reform survival propagules. Th
level of lysis and induction of survival propogules may
similarly be governed by the activity of micro-organisms in the
rhizosphere and the levels of root exudates needed to sustain
their activity. In rhizospheres with low levels of exudate and
low microbial activity, lysis by micro-organisms may be low.
In contrast, in rhizospheres with high levels of exudation and
active lytic micro-organisms, much of the fungal inoculum may
be killed. The latter is consistent with the low numbers of

Cylindrccarpon sp. microsclerotia in the rhizosphere of healthy

E. obliqua regeneration relative to those in the surrounding
soil (Chapter 4.2.1). Consequently the survival of the
germinated fungal inoculum and its capacity to infect the root
would also depend on the balance between exudates stimulating
the growth of the fungus arnd the® activity of 1ytic

micro-organisms.



While this hypothetical model of rhizosphere interactions may be an
oversimplification it is consistent the observed behaviour of

Cylindrocarpon sp. in soils from the rhizospheres of regrowth

forests. The wvalidity of the model and its application to

understanding the behaviour of Cylindrocarpon sp. on E. obliqua

roots was tested in the following studies.

6.4.2 Testing of the Hypothetical Model

The validity of the model was tested by examining the fungistasis

and lysis of Cylindrocarpoen sp. inoculum on rhizosphere soils to

wvhich different levels of simulated root exudates had been added.
The first experiment examined fungistasis and lysis in rhizosphere
soils from E. obliqua regrowth trees and seedlings which had
different populations of rhizosphere micro-organisms. The second
experiment examined soil from 5_single dieback tree in which the
activities of the micro-organisms had been varied by incubation at

different temperatures.

Material and Methods

6.4.2a Fungistasis and Lysis in the Rhizosphere Soil from Different

E. obliqua Trees

Rhizosphere soil was collected from two E. obliqua regrowth trees,
one of wvhich was from a dieback and another from a predominantly
healthy forest, as well as from two, one-year-old E. obliqua
seedlings, one of which bad been growing on a previously burnt soil
(ashbed so0il) and another from a mildly disturbed soil (nonashbed

soil). The numbers of actinomycetes and bacteria in the



rhizospheres of these trees was determined using the dilution
plating technique (Chapte; 6.3). Each soil was placed in twelve
Petri dishes (15g per dish) and was moistened and preincubated at
- 15°C for 24 hours. Soil in three of the twelve plates was then
thoroughly mixed with 3ml of either 2,000ppm glucose, 2,000ppm
cas~aminoacids, 2000ppm glucose plus 2,000ppm cas-aminoacids or
sterile distilled water. These amendments brought moisture contents
close to field capacity. Cellophane films which had been washed,

sterilised and inoculated with Cylindrocarpon sp. macroconidia were

placed firmly in contact with the soil at five locations on each
plate and incubated for a further 19 hours at 22°C. The cellophane
films with the macroconidia weve lifted from the soils and replaced

by a new film which had been freshly inoculated with Cylindrocarpon

sp. macroconidia. The new films were incubated for a further 19
hours at 22°C. This procedure was repeated four times for each soil

treatment to enable the germination and lysis of Cylindrocarpon sp.

macrocenidia to be measured at mean incubation times of 9.5, 33, &0
and 145 hours after the initial nutrieant addition. Lysis and
germination was examined din 15 {fields of approximately 100
macroconidia for each soil-nutrient-incubation time combination and
compared with the lysis and germination of macroconidia which had
been similarly incubated on control plates contazining sterile moist

filter paper. - .
6.4.2b Fungistasis and Lysis at Different Incubation Temperatures

The second experiment examined fungistasis and 1lysis of

Cylindrocarpon sp. macroconidia in rhizosphere soili from the

regrowth tree affected by dieback (Chapter 6.4.2a) which was

incubated at different temperatures in an attempt to alter the
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A
)

activity of the rhizosphere micro~organism. Thirty-six Petri
dishes of moistened soil were preincubated at 15°C for 25 hours and
nine dishes were amended with 3ml of either 0, 500, 1000 or 2000ppm

glucose. Films inoculated with Cylindrocarpon sp. macroconidia were

placed on each of the soils and nine filter paper control dishes and
three of the nine plates of each treatment were then incubated at 6,
14 or 22°C. The incubation periods were extended to 40 hours to
enable germination at lower temperatures and the effects of lysis to

become more apparent. The germination and lysis of Cylindrocarpon

sp. macroconidia were measured at mean incubation times of 20, 60
and 130 hours after the addition of the nutrients as in the previous

experiment.
Results and Discussions

6.4.2a Fungistasis and Lysis in the Rhizosphere Soil from
Different E. obliqua Trees -
)

Maximum fungistasis occurred for each of the nonamended soils
following 80 hours incubation (Table 22). TH¢ maximum level of
fungistasis, .the fungistasis poténtial, was highest in the ashbed
soils from young regeneration which also contained high populations
of soil micro-organisms. Fungistasis was lowest on the soil from
dieback affected regrowth forests which had low populations of
actinomycetes and bacteria but relatively high populations of soil
fungi. Disturbed soil wiFh eucalypt regeneration

had intermediate levels of fungistasis and

rhizosphere actinomycetes. Cylindrocarpon  sp. macroconidia

consistently germinated on the sterile filter paper controls
indicating that the inhibition of germination was due to factors in

the various forest soils.
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- TABLE 22 Fungistasis of Cylindrocerpon sp. in soils from
E. obliqua forests of different age and health S
and with different populations of rhizosphere o

microorganisms.
E. obliqua Rhizosphere Soil Filter Papex
1 2 3 4 Control
Soil QOrigin
Forest Age 68 68 1 1 -
Forest Health Diebdck Healithy Ashbed Non Ashbed
Populstions of rhizosphere “

* bacteria x,10" 2 1 50 72 0
fungi x iC 4 18 3 38 109 0
actinomycetes x 10 2 i 135 51 ¢

_Germination of macroconida on

unamended soil which was
incubated for: 3 R
9.5 hours 42 - 3 46 - 5 82 -~ 2 66 - 3 100
33 hours 3% L 78 3254 38Ty 100
80 hours 34 14 2524 3%04 21y 100
145 hours 44 Z¢ 4127 s8ls 22 %5 100
Maximum levelfimgistatis 66 75 97 ‘ 72 [hj

* From dilution plates cn Glycerol-Asparagine agar
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GLU + CCA - 3 ml of Glucose at 2000 ppm plus 3 ml of Cas _amino
acids

-
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The stimulation or inhibition of Cylindrocarpon sp. germination in

response to the nutrient amendments was determined relative to
germination in the same soil for each incubation period (Figure 24).
The addition of either glucose or cas-aminoacids resulted in a

marked initial depression in Cylindrocarpon sp. germination in the

ashbed soil from young regeneration with high fungistatic potential
(Soil 3) relativé to that in the same unamended soil (Figure 24).
This response is cohsistent with high fungistatis by the active
microflora 1in response to the nutrient additions. VWhere both
glucose and cas-aminoacids had been added there &as an initial nett
stimulation of germination relative to the unamended soils. This is
consistent with some of the nutrients not being utilised by the
microflora and. consequently stimulating the germination of the

macroconidia. The effects of putrient amendments did not persist

long in this microbioiogically active soil.

In marked contrast nutrient amendments to rhizosphere soil from
regrowth trees affected by dieback (Soil 1) resulted 'in the

stimulation of Cylindrocarpon sp. germination relative to that in

the same unamended soils. This is consistent with the 1low
populations of micro-organisms in these seils not having the
capacity to utilise all the added nutrients which consequently were

available for stimulating the germination of the Cylindrocarpon sp.

Very high levels of germination occurred in these soils with low
fungistatic potentials particularly when they were amended with both
glucose and cas-aminoacids. The addition of nutrient amendments to
soils from E. obliqua regeneration on disturbed soil and healthy
regrowth trees, which had intermediate levelg of micro-organisms and
fungistatic potentials, also resulted in the initial stimulation of

Cylindrocarpon sp. germination but at a lower level than in the
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soils from dieback trees. However with continued incubation an
inhibitory effect developed, particularly in the soil from healthy
regrowth forest. This response is consistent with excess nutrients

initially stimulating both Cylindrocarpon sp. and the microbial

activity of the soil, which subsequently resulted in an increase in
fungistasis and/or nutrient depletion thereby éausing a2 nett
inhibitory <response. Glucose amendments which appeared to be
utilised the fastest, also vresulted in the earliest inhibitory
effect in these soils whereas glucose plus cas-aminoacids amendments

resulted in the longest sustained inhibition of germination.

The lysis of Cylindrocarpon sp. germ tubes by micro-organisms-in the

rhizosphere soils incubated for 19 hours was least in the unawended
soil from regrowth forests affected by dieback and highest in the
soils from young regeneration on ashbed soils (Figure 25). The
addition of glucose stimulated lytic activity in all soils, but to a
relatively lesser extent in soils from regrowth forests (Figure 25).
Whereas the soil from eucalypt regeneration on ashbeds had the
highest fungistatic potential 2nd lysis in the unamended state the
soil from eucalypt regeneration on disturbed soil with a mild ashbed
developed higher lytic activities in the presence of glucose.

These interactions between rhizosphere micro-organism, simulated

root exudates and the fungistasis and lysis of Cylindrocarpon sp.

inoculum are in agceement with the responses predicted by the

hypothetical model of Cylindrocarpon sp. interactions in the E.

obliqua rhizosphere (Figure 23). Although thi&se responses were not
quantified they strongly support the wvalidity of the wmodel of

Cylindrocarpen sp. behaviour in the rhizosphere of E. obliqua.
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24 Rhizosphere soil from

€ Sterile filter paper control ‘
20 1 Dieback affected rearowth of E. obliqua

2 Healthy regrowth of E. obliqua l

16 3 Healthy E. obliqua regeneration - hot ash-bed

4 Healthy E. obliqua reaeneration - non ash-bed

% Lysis ofs macroconidia

4 I l
]
! 1
l
0
C 1 2 3 4 c 1 2 3 4
Rhizosphere soils Rhizosphere soils
plus glucose 2000 ppm
Figure 25 Lysis of Cylindrocarpon sp. macroconidia after

19 hours on rhizosphere soils from different
E. obliqua forests with and without glucose
amendments.

Vertical bars indicate twice the standard error for each treatment
mean. :
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Figure 28 Macroconidia of Cylindrocarpon CMI196141 illustrating
germination,germ tubes, lysis and chlamydospore indud tion
following incubaticn on E. obliqua rhizosphere soil.
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6.4.1b Fungistasis and Lysis at Differeut Incubation Temperatures

The germination of Cylindrocarpon sp. macrocenidia increased on the

sojl from the rhizosphere of regrowth trees affected by dieback with
increasicg temperatures of incubation (Figure 26). The stimulation

or inhibition of Cylindrocarpon sp. germination in response to

nutrient amendments at the wvarious incubation temperatures were
again examined relative to the germination cn the unamended soil at

that incubation (Figure 27). The addition of nutrients to

rhizosphere soil, which had been incubated at 22°C to promote -

maximum microbial activity, vesulted in ap initial decrease in
germination relative to their unamended controls. In countrast the
addition of the same nutrients to the same soil which hkad been

incubated at 6°C resulted in a stimulation of Cylindrocarpon sp.

germipnation relative to the unamended contrel. Soil incubated at
14°C stimulated germination only at the highest level of nutrients

addition relative to that in the unamended soil.

The stimulation of Cylindrocarpon sp. germination in the amended

soil incubated at 6°C to induce with low microbial activities and
fungistasis and @n the inhibition of germination in the same soil
treatments which had been incubated at 22°C to induce high microbial
activities and fungistasis are entirely consistent with the
responses predicted in the hypothetical model.

-

The 1lysis of Cylindrocarpon sp. macroconidia amnd the induction of

conidial chlamydospores in this experiment {Figure 26) were also
consistent with Lhose predicted in the model. Very few cof the
germinated macroconidia remained viable and active on soil incubated

at 22°C due to the very high lysis and induction of conidial
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chlamydospores (Figure 28). Ia contrast most Cylindrocarpon sp.

macroconidia remained viable in soils incubated at 6°C. The higher
levels of microbial activities in soils incubated at 22°C are likely
to have resulted in a high level of lysis and induction of conidial
chlamydosporgs whereas the lower incubation temperature are likely
to have vresulted in decreaseq microbial activitieé and therefore

lower levels of lysis.

Maximum germination and survival of Cylindrocarpon sp. inoculum

_occurred in the regrowth forest soils incubated at 14°C. This had
previously been found to be the optimum temperatures for the growth

and saprophytic colonisation of Cylindrocarpon sp. (Chapter 4.3).

The addition of nutrients to soils incubated at 22°C increased the
proportion of macroconidia which were able to produce conidial

chlamydospores in response to the very high levels of lysis.

The results of both of these experiments strongly support the
validity of the hypothetical model of the interactions of

Cylindrocarpon sp. in the rhizosphere of E. cbliqua. The

germination, lysis and survival of Cylindrocarpon sp. inoculum in

the rhizosphere of E. obliqua would appear to be largely governed by
the resultant of interactions between stimulatory root exudates and
fungistasis resulting from the utilisation of those exudates by the
rhizosphere wmicro-organisms. The changes in either the level or
nature of the root exudates or the population or activity of
rhizosphere micro-~organisms in relation to stresé, age, and species
are likely to greatly affect the stimulation and lysis of the

Cylindrocarpon sp. incculum in the rhizosphere of E. obliqua and

thereby influence its capacity for root infection.
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Consequently the capacity of Cylindrocarpon sp. to infect E. obliqua

roots appears to be largely governed by the interactions in the
rhizosphere which affect the fungistasis and lysis of the inoculum
on the root surface. The experiments in this chapter have defined
some of the £factors which may contribute to the interactions
involved in the rhizosphere and their influence on fhe behaviour of

Cylindrocarpon sp. on the surface of E. obliqua xroots. A

hypothetical model of the interacticn of these factors and their

effect on Cylindrocarpen sp. in the rhizosphere of E. cbliqua was

tested and may have application in understanding the microbial
ecology of dieback in the E. obliqua regrowth forests as well as in

other root diseases.
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CHAPTER 7

CYLINDROCARPON SP. INFECTION aND DECAY OF

THE FINE ROOTS OF E. OBLIQUA

The previous pathogenicity studies indicate that Qyiindrocarpon sp.
can infect and decay the fine roots of E. obliqua seedlings and may,
under certain conditions, be pathogenic to E. obliqua seedlings

(Chapter 5). Previous studies have also examined the interactions

between Cylindrocarpon sp., other micro-organisms and root exuvdates
in the rhizosphere of E. obliqua regrowth trees and studied how

these may govern the behaviour of Cylindrocarpon sp. inoculum on the

surface of E. obliqua roots (Chapter 6). However the mechanisms

involved in the infection and decay of E. obliqua roots by

Cylindrocarpon sp. and their relatiomship to the pathogenicity of
this fungus have pnot been adequately described. The experiments in
this chapter examine these mechanisms and their vole in the

pathogenicity of Cylindrocarpon sp. and the dieback of E. obliqua

regrowth forests in southern Tasmania.

7.1 Cylindrocarpon sp. Infection and Colonisation of the Cortex of

Fine Roots of E. obliqua

The similarity in the relationships between Cylindrocarpon sp.

infection of the roots of E. obliqua seedlings and infection of dead

leaf bait with increasing Cylindrocarpon sp. inoculum (Chapter 4.4,

Chapter 5.1) and the close associatisn between root infection and
the fungistasis of Cylindrocarpon sp. on the surface of E. obliqua
roots (Chapter 6.1) indicates that the cortex of E. obliqua roots

may have little resistance to infection by Cylindrocarpon sp.
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Rather it would appear that resistance to infectiorn is governed by

the fungistasis and lysis of Cylindrocarpon sp. inoculum in the

rhizosphere (Chapter 6) and that once the fungus has overcome these
factors it cam readily infect the fine roots of E. obliqua.
However, as possible defence reactions in the cortex of E. obliqua

roots may also influence the infection, b Cylindrocarpon sp.
3 ¥

investigations were conducted to determine the existence and nature

of any such host reactions.

Materials and Methods

The roots of of E. obliqua seedlings which had been infected by

Cylindrocarpon sp. in the wvarious pathogenicity studies were

examinied microscopically for the presence of host defence reactions.
Large numbers of transverse and longitudinal root sections, 12-30p
thick, were cut from fresh root tissue with a Hooker micretome and
stained in lactophenol trypan blue. Particular attention was pai
to roots from the pathogenicity studies in Chapter 3.8 and Chapter

5.3.

Results and Discussion

Cylindrocarpon sp. hyphae readily penetrated the epidermis znd

cortex of E. obliqua roots without any evidence of infection
cushions. Hyphal growth within the root cortex was both inter and
intracellular and although generally extensive, resulted in only
minimal structural damage to the roct cortéx (Figure 29). Some
breakdown of cortical walls and separation of parenchyma cells was

observed. Cylindrocarpon sp. was capable of decreasing the

vigcosity of media containing pectin which suggests that it can

produce pectolytic enzymes as does C. destructans {Milke and Melvik
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Hyphae in inner cortical cells, transmitted light x 150.

a
50y,
Detail of hyphae in cortical cells, phase contrast x 400.
{
i
i
i
JOu |
Figure 29 Hyphal infection of the cortex of fine roots of

E. obliqua by Cylindrocarpon sp.
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1960}. Yo anatomical features or accumulation of materials which
may indicate physical vesistance in the host to cortical xoot

infection were observed in these sections.

The failure to detect physical defence barriers within the cortex of

E. obliqua roots suggests that infection by Cylindrocarpon sp. is

largely governed by chemical inhibitions or by factors in the
rhizosphere  (Chapter 6.4). The latter is consistent with
observations in previocus investigations on E. obliqua roots infected

by Phythophthora cinnamomi (Tippett et al 1976).

Low levels of infection of the E. obliqua root cortex by

Cylindrocarpon sp. did not appear to be detrimental to the growth

and function of the roots. Tndeed Kurbis (1937) and Paget (1975)
have suggested that similar root infections by C. destructans may at
times benefit plant growth and nutrient uptake in a manner not
unlike that in endomycorrhizas. However, no studies were conducted
to test whether beneficial responses may occur in E. obligua

infected by Cylindrocarpon sp.

7.2 Cylindrocarpon sp. in the Stele of E. obiiqua Roots

Cylindrocarpon sp. hyvphae were never found infecting the stele of

living E. cbliqua roots in these examinations. Colonisation of the
stele was prevented by either physical and/or chemical barriers
which included suberised endodermal tissue, pericycle tissues and
zones of phenolic materials below the pericycle (Figure 29). While
the cortex of E. obligua voots which had been inoculoted with plugs

of Cylindrocarpon sp. culture was often macerated, transverse

sections through these infections revealed that colonisation of the

stele was prevented jin all cases by the development of multi
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pericycle layers and/or by accumulations of phenolic~like materials
below the point of inoculation (Figure 30). However, inspection of
the infected roots revealed that many of the xylem vessels were
blocked with tyloses and gum (Figure 31). The dark red staining,
tyloses and gummosis extended above and below the point of
inoculation and into the xylem vessels of branch roots. MNo such
blockages or staining were observed in comparable uninfected E.

obliqua roots.

It would appear that Cylindrocarpon gp. may be capable of producing

a substance in the root cortex of E. obliqua which may be
transported across the endodermis and into the xylem vessels where
it may induce vascular staining, tyloses and gum blockages of the

xylem vessles and consequently restrict the capacity of the xylem

to conduct water. Investigations of Cylindrocarpon spp. on apricots

(Rieuf 1952, Prumus, Govi 1956), strawberries (Wilheim 1958) and
Quercus {(Uroseric 1963) had previously demonstrated instances of
similar vascular staining, tyloses and gummosis of xvylem tissue

without the Cylindrocarpon spp. infecting the =xylem tissue.

Subsequent studies by Kluge (1966) and Evans, Cartwright and White
(1967), on Pinus and Eucalyptus respectively, confirmed that
pathogenic strains of (. destructans could produce phytotoxins in
culture which were capable of stunting and killing test plants at
low concentrations. Non pathogenic isolates of (. destructans
failed to produce similaxly high levels of this phytotoxin. The
phytotoxin was isolated and identified as a macrolide antibiotic
similar to Brefeldir & (Sigg 1564). However Doth the producticn of
the phytotoxin within plaots (Whilhelm 1959, Evans 1966) and the

relationship between phytotoxin production and vascular dysfunction

requires further investigation.
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Figure 30 Secondary pericycle formatior in the stele of

E. obliqua roots in response to inoculation with
Cylindrocarpon sp.
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Figure 31.

Tyloses and blockages of the xylem of E. obligua
roots without fungal cclonisation of the affaectcd
stelar tissue.

a. Extensive blockages of xylem initials by
gum and tyloses with Cylindrocarpon CMI
196141 hyvhae in the cortex (transmitted
light x 150 magnification.

b. As above phase contrast x 150 magnification.

c. Vascular connection of a lateral root
showing xylem blockages in the main root
and their extension along the vessels of
the latter root x 150 magnification.
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Consequently the ability of Cvlindrocarpon sp. to produce similar

phytotoxins in culture and in E. obligua roots was investigated as
vere the factors which influence its production and effects within

the plant.

7.3 Phytotoxin Production by Cylindrocarpon sp.

A series of experiments were conducted to investigate the presence

of phytotoxins in sterilised culture fiitrates of Cylindrocarpon sp.

and study their effects on E. obliqua seedling growth and root

dysfunction.

Materiuls and Methods

In thz first experiment three E. obliqua seedlings which had been
grown tfor 2 weeks in autoclaved vermiculite were placed in each of

four replicate tubes containing one of the following treatments:-

1. Sterile Hoagland's nutrient solution

2. Viable liquid culture of Cylindrocarpon sp.

3. Membrane filter sterilised (0.45y) 1liquid culture of

Cylindrocarpon sp.

4. Autoclaved sterilised liguid culture of Cylindrocarpon sp.

5. Hoagland's nutrient solution containing viable mycelium of

Cylindrocarpon sp. which had beenn washed free of any culture

filtrate.

The seedlings were grown at 10°¢ in a naturally lit growth cabinet
and were inspected daily for mortalities. The three most affected

seedlings per treatment were progressively removed after 3, 7 and 14
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days incubatien and placed in F.A.A. (Formalin, Acetic acid,
Alcohol, 10;5;85) for microscopic examination of root infection and
vascular dysfunction. The experiments were repeated using Czapek's

nutrient solution and Czapek'’s culture solutions.

The root tips of 12-month-old E. obliqua seedlings were also
inserted into glass tubes containing culture filtrates cf either

Cylindrocarpon sp. or sterile nutrient solutions. The roots which

were still attached to the seedling had been carefully excavated at
the soil-pot interface and were cut from the plant after 12 days

growth at 18°C and examined for vascular staining and tyleses.

Results and Discussion

Mortalities occurred in the E. obliqua seedlings which had been

placed in the Cylindrocarpon sp. liquid cultures and in the heat or

filter sterilised culture filtrates. No mortalities were recorded
during the experimental period in the seedlings growing in
Hoagland's solution or in the seedlings inoculated with washed

Cylindrocarpon sp. mycelium (Table 23). A heat stable, filtrable

phytotoxin appeared to be present in the Cylindrocarpon sp. culture

filtrates which was capable of killing E. obliqua seedlings at

normzl culture concentrations.

Tyloses and gum blockages occurred in the xylem vessles of E.

obliqua roots grown in Cyliandrocarpon sp. culture and in the heat

and filter sterilised treatments. No-such bYockages were observed
in the control seedlings. Seedlings in Hoagland's solution with

added washed Cylindrocarpon sp. mycelium had extensive hyphae in the

cortex but no evidence of wvascular tyloses or gummosis in their root



TABLE - 23 The effect of Cylindrocarpon sp. culture
treatments on the moxrtalitly and infection of

E. obliqua seedlings.

Growth Media for 10 Number of Seedlings with Symptoms Cortical Vascular

E. obliqua seedlings Bay 3 Day 7 Day 10 Infection Staining

per Treatment Wilted Dead Wilted Dead Wilted Dead Day 14 " § Tylose

1 Hoaglands nutrient 0 0 0 0 0 0 0 0
solution

2 Viable culture of 1 2 2 8 0 10 *+ +

Cylindrocarpon sp,

3 Membrane filtered 1 0 4 0 6 i] (] +
Cylindrocarpon EPe
culture

‘4 Autoclaved culture 0 0 3 2 6 4 0 *

of Cylindrocarpon sp.

5 Viable washed mycelium O 0 0 0 0 ¢ + 0

of Cylindrocarponsp, in
heaglands solution
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steles. Similar vresults were obtained in the repeat experiment

using Czapek's nutrient and culture solutions.

Microscopic examination of the roots of 12 month old E. obliqua
seedlings also confirmed that those grown in sterilised culture
filtrates consistently developed vascular tyloses‘ and gunmosis.
Consequently vascular dysfunction which is associated with
mortalities of E. obliqua roots and seedlings appears to result from

a phytotoxin produced by cultures of Cylindrocarpon sp. While

mycelium of Cylindrocarpon sp. can result in the infection of the
cortex of E. obiiqua roots this did not result in root dysfunction

or the mortality of E. obliqua seedlings.

7.3.1 Isolation of the Phytotoxin from Cylindrocarpon sp.

Both Kluge (1966) and Evans, Cartwright and White (1967) extracted
and identified the phytotoxin from C. destructans which in the

latter case was ca2lled Nectrolide. The  phytotoxin from

Cylindrocarpon sp. culture filtrates was extracted using an
identical technique to that described by Evans et al (1967) and its
properties compared with those of Nectrolide.

“

One hundred mls of Cylindrocarpon sp. cnlture filtrate, which had

been grown for 20 days at 22° in Czapek's liquid media (Appendix 1)
while stationary in the dark, was extracted twice with 50ml of
anhydrous ethyl ether. The combined ether fractions were washed
with 50ml 1% sodium bicarborate and -dried uhder vacuum. A white
amorphous residue, freyuently contaminated with a red brown gum, was
consistently recovered. Weighed amount of this residue were

redissolved in water for subsequent biocassay studies. As these
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bioassay studies were based on solutions made from known dry weights
of residues which contained variable traces of gum the phytotoxin
concentrations in different extractions way vary and should not be

compared between experiments,

7.3.2 Bioassay of Cylindrocarpon sp. Phytotoxin

The biological activity of the extract from the Cylindrocarpon

culture filtrates was examined in a series of bioassay experiments.

Materials and Methods

7.3.2a E. obliqua Seedling Growth

E. obliqua seedlings which had been grown for 2 weeks in autoclaved

vermiculite were transferred to tubes containing either 0, 10 or

25ppm  phytotoxin or tubes with heat and filter sterilised

Cylindrocarpon sp. culture filtrates. The seedlings were grown at

10°C in natural light and mertalities were recorded daily. The
lengths and numbers of lateral roots formed from the initial single
taproot after 18 days growth were measured on each seedling with a
stage micrometer at x 100 magnification. The experiment was
repeated using similar seedlings which were grown at 18-22°C in
natural Iight in replicated tubes containing 0, 6, 12, 25 and 50ppm
phytotoxin. Mortalities, shoot growth, root growth and seedling

height were recorded after 28 days growth.
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7.3.2b Tomato Shoot Symptoms

Lycopersicum esculentum shoots from mature plants were placed im

replicated tubes of freshly prepared phytotoxin cf either 0, 100 or
1000ppm and in phytotoxin of similar concentrations which had been
stored in thellight for 6 weeks at 22°C (Kluge 1966). The wilting
and mortality of shoots and the length of shoot necrosis was

recocdad after 4 days growth at 18-22°¢C.

7.3.2¢ Root Growth of Medicago sativa Seedlings

Approximately 30 M. sativa seeds were seeped in 0.5ml of . aqueous
phytotoxin fov 16 hours iw the dark and then transferred onto
sterile moistened filter paper and incubated in the dark for 4 days

at 22° when the mean length of the seedling radicles was measured.

Resuits and Discussion

4.3.2a E. obligua Seedling Growth

In the first E. obliqua bioassay both the length and total number of
lateral roots which had formed over the 18 days decreased with
increasing phytotoxin concentration (Table 24a). Root growth in the
sterilised culture filtrates was more severely reduced. In the
second of the bioassays with E. obligqua, seedling mortalities and
significant reductions in height, leaf area and roct growth were
recorded after 28 days at phytotoxin concentrations at and above
12ppm (Figure 32, Table 26b). Tyloses and gummosis of xylem tissue

occurred in the wilted seedlings.
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TABLE 2 4 Seedling responses to phytotoxins extracted frem
Cylindrocarpon sp. cultures.

£. Root growth in E. obligua secdlings. Hean of 12
scedlings per treatment,

Treatment for growth of No. of-lateral fean length of Cunulative
E. obliqua scedlings roots produced lateral roots iength of
latexral roots

MV MM

1. Czapeks nutrient solution 34 7 4 2.21 75 T 17

as control :
2. Cylindrocarpon sp. 12 71 : 1.00 - 1251 -
culture in Czapeks solution
3. Filter sterilized culture 2.4 %1 1.08 332
solution of Cylindrocarpon spe
4. Autoclaved culture. 11 %3 1.0 11 I3
solution of Cylindrocarpon sp.
5. Phytotoxin extracted from 3625 2.03 60 I 16
Cylindrocarpon speculture, 10ppm
6. Phytotoxin from Cylindro- 23 I 1 1.15 26 4

¢carpon sp.culture, 25ppm.

b. Growth of E.obligqua seedlings. Mean of 8 seadlings per

treatment,
Phytotoxin concentration in Height Leaf érea % Seedlings with Symptoms
Hoaglands solution (ppm) MM MM Chlorosis Wilting Death Total
0 s1%6 402 T 69 0 0 0 0
6 53 % 3 277 % 80 0 0 0 o
+ + .
12 43 - 3 214 - 51 25 0 12 35
+ . + N
25 34 -3 i99 - 44 63 12 12 57
+ +
50 27 - 3 122 - 34 o 12 88 10¢




a  Tho growth of E. gbliqua seedlings

jua
— e e

Figure 32 Effect of phytotoxins from Cylindeocarpen sp.
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Both of these bioassays confirmed that extracts frem Cylindrocarpon

sp. culture filtrates were phytotoxic to E. obliqua seedlings. The
phytotoxin appears to be similar in its effect as nectrolide
isolated from C. destructans which reduced growth of E. pilularis
seedlings in similar bioassays at concentrations as low as 6ppm.
However the presence of gum residues in the extract does not allow

accurate quantitative comparisons of dosage responses.

7.3.2b Tomato Shoot Symptoms

Tomato shoots placed in fresh phytotoxin at 1000ppm were killed
within 4 days while wilting cccurred in shoots placed in phivtetoxin
at 100ppm (Figure 32, Table 24c). 1In contrast tomato shcots placed
in phytotoxin which had been stored in the light for 6 weeks at 229gv
were unaffected at 100ppm and only wilting at 10060ppm. The length
of shoot necrosis after &4 days was highest in the fresh extract at
1000ppm and iatermediate in the fresh extract at 100ppm and the
stored extract at 1000ppm (Table 24c). Petiole necrosis extended
well above the level of immercion and sections through the necrotic
petioles consistently revealed tyloses z2nd gum blockages of the
vascular tissues. Tomato shocts in the control treatments remained
turgid and healthy. The results of this bicassay are consistent

with those in pathogenic isclates of C. destructans (Kluge 1966).

7.3.2c Root Growth of Medicago sativa Seedlings

Root growth in Medicagc sativa szeedlingd decreased as the

concentration of phytotoxins increased above 20ppm {Table 24&4d).
This biocassay was highly reproducible, simple and quick and was used

in some of the following studies.



Table 24 ©  grem necrosis and wilting of Lycepersicum
- esctulentun shoots

Original Concentration Fresaly extracted phytetoxin Phytotoxin stored st 20%¢ in Tight
©of phytotoxin (ppm)
Length of stem Symptoms Length of stem Symptoms
necrosis M)« necrosis. (M *
G Y 0 [V 0
100 18 wilting 10 G
1o00 47 death 23 slight wilting

® gtems were imersed 10mm  in the phytotoxin

TABLE 264 Root Growth in Medicago sativa seedlings. Mean length of 20 seedlings
par treatwent {(mm), ’

Phytotoxin concentration in Root length of M. sativa
imbibing solution (ppm) seedlings LSD(p0.05) = 2

K] 17

i0 : i6

20 14

100 ’ 12

200 i1

1000 8

2000 7
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7.3.3 Chemical Properties of the Phytotoxin from Cylindrocarpon sp.

The chemical properties of the phytotoxin from Cylindrocarpon sp.

were examined using the methods described by Evans et al (1967) and
were compared with some of the chemical properties of Nectrolide and
Brefeldin A which have been described by Evans et al\(1967) and Sigg

(1964).

Silica gel G thin layer plates were spotted with Cylindrccarpon sp.

phytotoxin and run to 10cm in 10% ether in methanol and then dried
and sprayed with 36N sulphuric acid. Black spots appeared at rf
0.60 to 0.66 which are consistent with those described for
nectrolide, rf 0.66. A larger blaék diffuse spot associated with

gum coloration prior to spraying was also observed.

The wvltra violet absorption spectra of freshly prepared

Cyiindrocarpon sp. phytotoxin in ethanol was examined using a Unicam

SP 800 scaunning spectrophotometer. Distinct absorption maxima
occurred at 237.5, 243, 248.5, 254 and 260.5my while mimima occurred
;t 240, 246, 252, 258 and 266mu (Figure 33). The absorbance at each
of the maxima was closely related to the concentration of phytotoxin
in the ethanol suspension (Figure 34). Consequently the U.V.
absorption at each of these waveleggths could be used to measure the
relative concentrations of phytotoxin but only in fresh ethanol

extracts.

The U.V. absorption spectra of the phytotoxifi from Cylindrocarpon

sp. was unstable. Rescanning of phytotoxin sodutions which had been
stored for 30 days at 22°C in natural light revealed that the stored
phytotoxin had a large absorption peak between 214 and 220mu with

smaller rounded maxima at 241, 246, 250, 256.5 and minima at 243,
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Figure 33 - Ultraviolet absorption spectra of phytotoxin from
Cylindrocarpon CMI 196141 and changes following
storage.

U,V. absorption spectrum of Cylindrocarpon CMI 196141
phytotoxin extracted from Czapeks culture golution.
with 2% sucrose as carbon source.

1. Absorption spectrum of phytotoxins from still
incubated cultures measured jugt afteréXtraction.

2. Absorption spectrum of phytotoxin from still
incubated cultures measured after 7 days storage
in ethanol in light.

3. Absorption spectrum of phytotoxin from shake
incubated cultures measuredjusy after extraction
(see Table 27).

4. Absorption spectrum of phytotoxin from shake
incubated cultures measured after 7 days storage
in ethanol in light.
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Figure 34 Relationship between the concentration of fresh phytotoxin
and its U.V. absorption at diagnostic wavelengths,
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248, 254 and 260.5my (Figure 33). These new minima oc¢curred at the
same wavelengths as the maxima jn the freshly extracted phytotoxir.
Consequently only freshly extracted phytotoxins were used in
comparative studies. The U.V. absorption characteristics reported
for Brefeldin A (Sigg 1964) and Necrolide (Eavns 1966) are
consistent with those of partially degraded phytotoxin from

Clyindrocarpon sp. Numerous structural and chemical changes occur

during the oxidation of Brefeldin A (Harri and Sigg 1963, Kluge
1966) and may in part account for these changes in the U.V.

absorption.

As the activity of the phytotoxin from Cylindrocarpon sp. may alter

with environmental factors investigations were conducted of the
stability of the phytotoxin in natural lighc or darkness both with
or without oxygen. Tubes containing freshly extracted phytotoxin in
ethanol were either enclosed in aluminium foil to exclude iight or
left unsealed. Replicate tubes were incubated either in air or in a
sealed anaerobic jar for 14 days at 22°C in the light. The U.V.
‘absorbtion spectra of each treatment was then compared with that of
the freshly extracted phytotoxin to examine changes during storage.
Phytotoxin stored under dark, anaerobic conditions had the least
change in its absorbtion spectra while the greatest change occurred

following aerobic storage in natural light.

Consequently environmental conditions may influence the rate of
phytotoxin breakdown. It is therefore possible that the level of
root dysfunction may also be influenced by the environmental
conditions in the inner cortex of the E. obliqua roots. Anaerobic
conditions in particular may be important in limiting the rate of

breakdown of phytntoxins within E. obliqua rcots. The higher level
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of root decay in R. obliqua seedlings (Chapter 5.2) or forest trees
(Chapter 3.6) under partially anaerobic soil conditions may be
associated with the effect of these environmental factors on the

production and stability of the Cylindrocarpon sp. phytotoxin.

7.3.4 TFactors Influencing the Production of Phytotoxiﬁs by

Cylindrocarpon sp.

While Cylindrocarpon sp. can produce phytotoxins in artificial

culture investigations need to determine whether phytotoxins are

also produced in substrates which may be present in regrowth trees.

Materials and Methods

7.3.4a Natural Substrates and Carben Sources

The capacity of Cylindrocarpon sp. to produce phytotoxins from a

range of natural substrates including fresh leaves, excised roots or
live roots of E. obliqua as well as from sucrose, starch ard pectin
was examined in the following experiment. Fresh substrates
equivalent to 2.5g of dry leaves and 1.6g of dry roots or 1lg of
either sucrose, starch or citrus pectin were added to four conical
flasks (150mi) containing 50ml of Czapek's nutrient solution and
were sealed and autoclaved. The roots of four living E. obliqua
seedlings were surface sterilised in 0.1% Hg012 for 60 seconds,
repeatedly washed in sterile water and placed into similar flasks.
Three flasks of each of E. obliqua substrate and all of the flasks

in the cother carbon substrates were inoculated with Cylindrocarpon

sp. macroconidia and incubated while stationary in the dark at 22°¢.

Flasks with live seedlings were incubated with the shoots im natural
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light. An additional four f{lasks with sucrose were also incubated

on an orbital shaker to enhance the aeration of the liquid culture.

After 10, 20 and 27 days incubation, 10, 20 and 30ml respectively of
liquid culture were withdrawn from each flask and the concentrations
of phytotoxins in these aliquots was determined using the M. sativa
bioassay and U.V. absorption a£ 260.5nyt Phytotoxin production in
the E. obliqua substrates was assessed by comparing differences in

absorption by the inoculated substrates relative to the

corresponding uninoculated controls.
7.3.4b Nitrogen Sources

The effects of different nitregen sources on phytotoxin production

by Cylindrocarpon sp. was also investigated. Czapek's nutrient

solution (50ml) with 2% sucrose and lmg per ml nitrogen equivalents

ci either NaNOS, (NH4)2'SO4 or L-asparagine was placed in four 150ml

conical flasks, autoclaved and inoculated with Cylindrocarpon sp.

macroconidia. After 14 days still incubation at 22°C in the dar

the Cylindrocarpon sp. mycelium was filtered off and the remaining

culture filtrates individually extracted and tested for phytotoxins.

The dry weight of Cylindrocarpon sp. mycelium was also determined.

Results and Discussion

7.3.4a Natural Substrates and Carbon Sources

Cylindrocarpon sp. produced phytotoxins in the E. obliqua substrates

as well as on artificial carbon sources (Table 25). Phytotoxin

production was higher on the roots of dead E. cbliqua seedlings than



TARBLE 25 The production and activity of phytotoxins from culture filtrate

of Cyrlindrocarpon  SP. in relation to carbon and nitrogen
sources.
Substrate Treatment Phytotoxin Preduction Activiny
in still culture DWt(mg) of DWt(mg) of ppm of phytetoxin M. satiy
mycelium Residue in extract UV~ at bioazsay
260.5 mu of contx
A. NATURAL SUBSTRATES °
X. Dead E. obliqua leaves - 5 2 114
- 2. Dead E. obligua roots - 190 13 57
3. Live E. obligua roots - 5 10 -
B. CARBON SUBSTRATES
1. Sucrose (shake}© 67 1 4 5 59 08
2. Sucrose 219 19 18 102 8L =
3. Pectin 139 % 50 i5 107 52
4. Starch 300 2 10 19 209 76 ~
C. NITROGEN SOURCES
1. NO,-N, 172 ¥ 29 3.5 5.6 1) 44 °
2., NH4—N2 z70 I 18 3.0 is : 8 42
3. L-asparagine 340 1 79 2.5 37 1 11 34

a. based on U.V. absorpance of culture filtrate in ethanol.

b. based on differences in absorbance between inoculated and uninoculated substrate
c. incubated on a shaker for increased aeration. (see Fig 33).

" d. biocassay of phytotoxin of 50 x concentration of culture filtrate,
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on the live root or leaf substrates. This is ccnsistent with
results from the M. sativa root growth bioassay. Phytotoxin

production by Cylindrocarpon sp. was high in the starch and pectin

carbon sources (Table 25). Both starch and pectin are present in
the cortex of E. obliqua roots and may contribute to phytotoxin

production within roots.

The growth of Cylindrocarpon sp. mycelium and phytotexin production

was greater in the sucrose cultures which had been still incubated
when compared with the shake cultures which had been better aerated.
Partial amaerobic conditions appear to aid growth and phytotoxin

production by Cylindrocarpon sp. This is consistent with responses

in the growth of C. destructans (Waid 1962). These results are
supported by the inhibition of M. sativa root growth in bioassay
studies.

7.3.4b Nitrogen Sources

Phytotoxin production by Cylindrocarpon sp. was higher in the

organic nitrogen source than in either of the inorganic sources,
both in actual amounts and per mg dry weight of fungal culture
{(Table 25). Phytotoxin production was higher in NHQ nitrogen

treatment than in the NO3 nitrogen treatment. The lower dry weights

of Cylindrocarpon sp. mycelium in the NO, nitrogen treatments in

3

this experiment when compared with those in a previous study

(Chapter 4.3) may be associated with the relatively poor aeration in

the culture solutions used in this experiment.
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7.3.5 Mode of Action of the Cylindrocarpon sp. Phytotoxin

Fungal phytotoxins may influence the physiclogy of the host plant in
a variety of ways (Wood et al 1972) including the induction of xylem
dysfuntjon via tyloses and gummosis. Tylosis consist of
invaginations of the damaged pit membranes into the lumens of
adjacent xylem vessels and may be formed as a response to damage of
the plant membranes by the phytotoxin. Tyloses may block the root
xylem and lead to reduced water flow and drought stress in the

affected plant even under favourable soil moisture cenditions.

The degree of membrane damage as a consequence of a phytotoxin may
be assessed from the degree of protoplasm leakage through that
membrane (Page 1972). Membrane leakage may be determined from
changes in the electrical conductivity of a solution of low
electrolyte concentration in which the tissue is bathed and may be
measuraed with a wheatstone bridge. The effect of phytotexin from

Cylindrocarpon sp. on membrane damage in the fina xoots of E.

obliqua seedlings was measured using this technique in a series of

repeat experiments.

Materials and Methods

E. obliqua seedlings which had been grown for one month in sterile
vermiculite were carefully washed and left to desorb free ions for
25 hours in sterile, deionised, distilled water. The roots of five
intact seedlings were then placed in aqueous solutions of 0, 5, 10,

50, 100 amnd 500ppm phytotoxin from Cylindrocarpon sp. culture

filtrates for 2 hours at 20°. The seediing roots were then
carefully washed to remove the phytotoxin and transferred to new

tubes of sterile, distilled, deionised water. Chsnges in the
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conductivity of these bathing sclutions were measurad over the
following 6 hours with a wheatstone bridge conductivity meter.
Differences in the rates with which the conductivity of the bathing
solutions changed in the period from one to siz hours after transfer

of the seedlings were compared for the different phytotoxin

treatments.
Results and Discussion

The rate of electrolyte leakage from the roots of E. obliqua
seedlings was highest in the 500ppm phytétoxin treatment and
decreased with decreasing phytotoxin concentration (Figure' 35a}.
Substantial membrane damage would appear to have occurred in
solutions of phytotoxin at concentrations in excess of 50ppm.
Microscopic examination confirmed the induction of tyloses in xylem
vessels of E. obliqua seedlings which had been placed in aqueous

phytotoxin from Cylindrocarpon sp. (Figure 35b). Subsequent

repetition of this experiment with E. obliqua and M. sativa

seedlings consistently confirmed the above results.

Conseqguently the blockages and tyloses of xylem vessels observed in

E. obliqua roots inoculated with Cylindrecarpon sp. and in regrowth

forests affected by dieback could have resulted from damage of the

root membranes by the Cylindrocarpon sp. phytotoxin. The action of

a phytotoxin could readily account for the extensive dysfunction of

xylem tissue observed in E. obliqua roots without Cylindrocarpen sp.

hyphae colonising the affected stelar tissues (Chapter 3.8). The
increased membrane damage and nutrient leskage from E. obliqua roots

affected by Cylindrocarpon sp. pbytotoxins may also result in

increased leakage ¢f nutrients into the rhizosphere with subsequent

effects on further infection by Cylindrocarpon sp. (Chapter 6.4).
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Effects of phytotoxin from Cylindrccarpon CMI 196141 on the

leakage of electrolytes from the roots of intact E. obliqua
seedlings, .

d. Changes in the conductivity of bathing solutions
measured for 6 hours following the transfer of
washed E. obliqua seedlings which had been given
pretreatments in phytotoxin solutions of varying
concentrations.
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Figure 35b Effects of phytotoxin from Cylindrocarpon
CMI 196141 on the formation c¢f tyloses in the
Xylem initials of E. obliqua seedlings.
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This is consistent with the increase in the population and activity

of Cylindrocarpon sp. in the rhizosphere of regrowth trees affected

by dieback relative to those in the surrounding soil (Chapter 4.1).

7.4 Fungitoxin Production by Cylindrocarpon sp.

The interactions of Cylindrocarpon sp. with the rocts of E. obliqua

may also be influenced by competition from other fungi which
colonise the roots of regrowth E. obliqua (Chapter 3.8). However C.
destructans has been shown to produce fungitoxins, Radicicol and
Radidicolin, in cultures which may influence these interactions with
other soil micro-organisms (Evans et al 1966). Investigations were

conducted to establish whether Cylindrocarpon sp. also produced

similar fungitoxins and how these may affect competitive

micro-organisms and the aetioclogy of dieback.

Materials and Methods

A series of antagonism studies on Czapek agar were conducted to
study the production and effects of Cylindrocarpon sp. fungitoxinms
on a range of competing fungi. Filter paper discs (6mm in diameter)
were sterilised and dipped in Czapek's culture solution of

Cylindrocarpon sp. which had been filter sterilised. The discs were

placed at a corner of a square with sides of 5cm which had been
marked on the underneath of each agar plate. Plates of Czapek's
agar were also inoculated with 6mn diameter plugs of live

Cylindrocarpon sp. cultures in a similar manneér. Three plates were

then inoculated at the centre with 6cm diameter plugs of each of
eight soil or voot infecting fungi which had been taken from the

rowing margin of cultures on Czapek's agar. The fungi inciuded
g g p g g



Botrytis cinerea, Penicillium italicum, Aspergillus nigra,

Trichoderma sp., Fusarium oxysporum, Pythium ultimum, Phytophthora

cinnamomi and Rhizoctonia solani from the University of Tasmania

culture collection. The plates were incubated at 22°C and the

perimeters of the colonies of Cylindrocarpon sp. and the test fungi

were marked each day both towards and away from the Cylindrocarpon

sp. inoculum or culture filtrate discs. All the fungi were also
grown singly on Czapek's agar to measure colony growth in the

absence of Cylindrocarpon sp.

The daily growth of each scil fungus towards the Cylindrocarpon sp.

culture or disc was calculated as a percentage of the growth of that

fungus away from the Cylindrocarpon sp. culture or disc and was

plotted in relation to the distance between the cclony froants or
filter paper disc at that measurement period. Colony growth of the

soil fungi away from the Cylindrocarpon sp. culture was similar to

that in plates which had only been inoculated with the soil fungus.

The above experiment was repeated to investigate whether

Cylindrocarpon sp. was able to produce similar fungitoxic responses
vhen grown on malt agar, leaf extract agar or soil extract agar

(Appendix 1). The capacity of sterilised Cyliandrocarpon sp. culture

filtrates or live cultures to inhibit growth of Bacillus subtilis

and Pseudomonas fluorescens was also investigated on nutrient agar

plates which had been seeded with the respective bacteria and

inoculated with Cylindrocarpon sp.
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Results and Discussion

Three types of interactions occurred between the fungi and

Cylindrocaxpon sp. cultures or sterile culture filtrates (Figure

36). The growth of pythiaceous fungi, Pythium altimum and

Phytophthora cipnamomi towasrds the sterile Cylindrocarpon sp.
culture filtrates and live cultures was strongly inhibited. This
suggests that neither of these fungi are likely to be important

synergists or competitors with Cylindrocarpon sp. in infected roots.

This may in part account for the decrease in the pathogenicity of P.
cinnamomi on E. obliqua seedlings inoculated together with

Cylindrocarpon sp. (Chapter 5.2).

The growth of Botrytis cinerea and Trichoderma were also reduced by

Cylindrocarpon sp. but to a lesser degree than in the .Pythiaceae.

Growth of the third group of fungi which include Fusarium oxysporum,

not greatly affected by Cylindrocarpon sp. cultures or sterile

culture filtrates. Only in the Peniciliium and Rhizoctonia plates

did the Cylindrocarpom sp. culture fail to overgrow those of the

test fungi.

Similar fungitoxic responses between Cylindrocarpen sp. and the

various soil and root fungi were obtained in studies on malt agar,

leaf extract agar and soil extract agar. Neither Bacillus subtilis

nor Pseudomonas fluorescens growth on nutrient agar was inhibited by

either Cylindrocarpon sp. cultures or culture filtrates.
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Consequently Cylindrocarpon sp. appears to be capable of producing
fungitoxins in beth artificial and more ﬁatural subsirates which can
narkedly influence the growth of different groups of soil and root
colonising fungi. The nature of the fungitoxins extracted and their

action appear to be very similar to those described in C.

destructans by Evaus et al (1366). The capacity of Cylindrocarpon
sp. to produce fungitoxins, may provide it with s competitive
advantage in sapyrophytic and parasitic colonisatior aud pavasitic
survival vrelative to other soil fungi. This appears to be
particularly the case with respect to the faster growing Pythlaceae
which may otherwise be potential competitors in the colonisation of
E. obliqua vroots in these forests (Chapter 2.7). The possiblity

that root ccionisation by Cylindrocarpon sp. may cross protect E.

obliqua roots from subsequent infections by fungi such as P.

cinnamomi warrants further investigation. The results of these

[

antagonism studies axre consistent with the coexistence o

Cylindrocarpon sp. and Fusarium in the roots of plants (Matturi and

Stenton 1964, Parkinson 1965).

The experiments din this chapter have examined the relationships

between Cylindrocarpon sp. and E. obliqua rocts. It appears that

there may be two stages in this relationship. The first stage

involves coleonisation of the root cortex by hyphae of Cylindrocarpon

sp. and is nonpathogenic and causes 1little root damage or

malfunction. The colonisation of E. obliqua rcots by Cylindrocarpon

sp. may occur throughout much of the life of the tree (Chapter 3.7)
and appears to be controlled by the interaction of factovs in the

rhizosphere {(Chapter 6.4).
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The second étage involves the production of a phytotoxin by

Cylindrocarpon sp. in the root cortex which results in tyloses,
gunmosis and xylem blockage in the E. obliqua roots. The
dysfunction of the fine roots contributes to increasad drought
stress and dieback of the affected trees even in soils and seasons
favourable for the growth of E. obliqua. This stage in the decay of

E. obligua roots occurs without Cylindrocarpon sp. colonising, and

consequently being recoverable from the affected tissue.

These two stages in the relationship between Cylindrocarpon sp. and

the roots of E. obliqua may account for several unexplained aspects

of previous experiments and regrowth dieback. The reisolation of

Cylindrocarpon sp. from surface sterilised fine roots of E. obliqua
trees of widely wariable health and ages is likely to reflect the -

noppathogenic infection of the root cortex by Cylindrocarpen sp.

throughout the devclopment of these forests (Chapter 3.7).
Similarly the distinct root infecticn and seedling movtality

responses in pathogenicity studies with increasing Cylindxocarpon

sp. inoculum (Chapter 5.1) may also reflect these two stages in the

association of Cylindrocarpon sp. with E. obliqua. The Ilower

mortality in the second planting of E. obliqua seedlings may have
resulted from the partial deactivation of phytotoxins in the

Cylindrocarpon sp. inoculum with time.

The experiments in this chapter indicate that a close relationship

may exist between Cylindrocarpon sp. and the roots of E. obliqua

throughout the development of these forests. Cylindrocarpon sp. is

able to «colonise the surface and cortex of E. obliqua roots
throughout much of the healthy life of the tree without causing

major damage to the host. Fungitoxins produced by Cylindroccarpon




et
o
o

sp. may help it te maintain its coupetitive advantage within the E.
obligua roots relative to other potentially pathogenic fungi in the
root zone. However during the transition of regrowth forests to
mature forests highly stressed trees may become heavily infected by

Cylindrocarpon ep. This high level of infecticn under environmental

and host conditiocns suitable for the production and stability of its
phytotoxin, may cause extensive root dysfunction, accentuated
drought stress and dieback even in seasons and sites favourable for

the growth of E. obliqua.

This may result in the natural removal of siressed, former dominant
trees which are no longer adapted for growth under the limiting

conditions existing in mature eucalypt forests.



GENERAL DYSCUSSION

The investigations described 1in this thesis are aimed at
understanding the cavse of a crown dieback which had developed
throughout large areas of natural E. obliqua and E. regnans forests
in southern Tasmania. The unexplained dieback occurred in scattered
trees, many of which were former dominant trees, and was of concern
with respect to the future productivity and stability of these high
quality forests. The initial investigations examined aspects of the
previous growth of these and older E. pbligua forests in an attempt
to provide an overall perspective of forest development within which
the occurrence, cause and consequences of regrowth dieback could be
studied. The initial investigations also examined a wide range of
factors to determine their possible association with regrowth
dieback. While further detailed investigation of some of these
asscciated factors is desirable the studies did epable the zetiology
of vegrowth dieback to be examined in relationship to the natural
development of these eucalypt forests rather than simply as a

dicorder of individual trees.

The examination of the growth rings of former dominant regrowth
trees, which had been killed by dieback, and surviving oldgrowth
trees, indicated that the death of dominant trees may not be
abnormal during the transition of regrowth forests tc mature
forests., Growth rings were reduced to a relatively greater degree
in the former dominant trees than in subdominant trees during this
period of tramnsition and it is likely that the resultant stress
within thesc trees largely contributed to the reduced root growth
snd higher moisture stress apparent in trees affected by dieback.

Comparisons of the number of trees per hectare in forests affected
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by dieback with published data of the patural decline in tree
numbers during the development of similar forests also indicated
that not even in the most severely affected forests had regrowth
dieback resulted in 2 reduction in tree numbers below those regarded
as pormal for forests cof that age. Consequently the dieback of
scattered trees throughout the E. obliqua regrowth forests appeared
to be part of the natural decline in tree numbers during the
transition of regrowth forests to mature forests and it is unlikely
that these deaths threaten either the future productivity or

stability of these forests. : -

These investigatiouns of the relationship of dieback to the natural

development of the E. obligua forests greatly influenced subsequent

studies on the aetiology of dieback. Rather than requiring the-

presence of new cor abnormal factors the dieback of regrowth trees
may be associated with changes in natural, pre-existing factors and
equ;1 emphasis was placed on examining a2 wide range of both new and
natural factors for their association with regrowth dieback.
Periodic drought stress, the reduced storage of moisture in the
soils of some regrowth forests, periodic waterlogging, competition
from the fine roots of understorey plants and the general decline of
the fine roots of E. obliqua trees with age may all contribute to
moisture stress and dieback in some of the regrowth trees. However
the failure of trees to recover from dieback on return to more
favourable soil conditions, the dieback of trees on deep, well
drained soils and the high level of root decay observed in the fine
roots of E. obliqus regrowth trees indicate that drought stress is
unlikely to be the sole factor in the causation of regwowth dieback.
Rather it appeared that factors responsible for the deterioration in

the size, health and capacity of fine roots of regrowth trees to
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absorb adequate water from the soil were directly involved in tihe
causation of the dieback. Extensive investigations for potential

pathogens of the fine roots of E. obliqua regrowth trees revealed

that the fungus, Cylindrocarpon CMT 196141, was the only potential
pethogen which was both consistently isolated from the fine roots of
E. obliqua regrowth trees and was capable of causing root infections

and death of E. obliqua seedlings. Although Phytophthora cinnamomi

was isolated from the soil of some forests it was not isolated from
any of the roots of L. obligua regrowth trees and there is no
evidence to suggest that it is a major facter in the causation of

root decay and dieback. As Cylindrocarpon CHMI 196141, a previously

undescribed fungns, appeared to be a poteantial major factor in root
decay and the dieback of regrowin trees detailed studies were
conducted of its micrcbiolegy within forest soils and -its—
psthogenicity on E. obliqua seedlings. Vhile these investigations

have concentrated on the Cylindrocarpon sp., its role in the dieback

of these forests must at all times be considered in the context of
the wide raunge of factors which the initial studies had shown to:be
associated with the root decay ccmplex and the development of these

forests.

In order to increase the relevance of pathogenicity studies with E.
g2 ¥ =
obliqua seedlings to the understaanding of the dieback complex in

maturing E. obliqua forests particular emphasis was placed on

studying the pathogenicity of Cylindrocarpcn sp. under the inoculum,
so0il, environmental and physiological stress conditions which are
known or likely to cccur in the regrowth forests. Of particular
relevance to these studies was the production of microsclerotia by

Cylindrocarpon sp. in forest soils and the increase in their numbers

and activity during the development of the forests to reach maximum
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levels in regrowth feorests affected by dieback. Micresclerctia have

not previously been reported in the genus Cylindrocarpen but do

occur in the closely related genus Cylindrocladium (Jutte 1970,

Menge 1969, Scholten 1967, Linderman 1973). The mortality of E.
obliqua seedlings increased in regrowth forest soil +to which

increasing levels of Cylindrocarpon sp. inoculum had been added

although high levels of root infection occurred even at low levels
of added dinoculum. Consequently the quantity and activity of

Cylindrocarpon sp. inoculum jn forest soils are likely to be

important factors which can influence the level of root decay,

moisture stress and dieback in regrowth ftrees.

Cylindrocarpou sp. was able to infect and kill E. obliqua seedlings

in pathogenicity studies in which the inoculum, soil, environmental
and physiological stress conditicns had been modified to represzent
those occurring in the regrowth forests. Subiethal roof infection

by Cylindrocarpon sp. but no mortalities were observed in seedlings

tested under conditions ideal for healthy seedling growth.

Consequently the pathogenicity of Cylindrocarpon sp. depends upon
) g 3 y P p p P

the interaction of suitable inoculum, environment and host
of other wovKers

conditions. The failurektx) confirm the pathogenicity of other

Cylindrocarpon species in forest diebacks, even though the fungus

had consistently been isolated from decayed roots, may have been due
to the use of envircnmental conditions and seedlings which are not
relevant to the conditions in the dieback affected forests (Hann and

Eno 1956).

The importance of physiological stress in predisposing roots of E.

obliqua seedlings to high levels of infection by Cylindrocarpen sp.

was repeatedly demonstrated. Of particular interest were studies in
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which infections by Cylindrocarpon sp. were higher on. the roots of

E. obliqua seedlings which were approaching their plateau of growth
than in seedlings of the same age which were still growing actively.
If the roets of E. obliqua regrowth trees are also more susceptible

to infection by Cylindrocarpon sp. during stress periods associated

with the transition of regrowth forests to mature forests this conld

readily account for the higher 1levels of Cylindrocarpon sp.

infection, root decay and dieback observed in regrowth forests.
This may alsc account for the high levels of root decay and dieback
in former dominant trees which are likely to be subject to greatest
stress during this transition of forest growth. Forests on shallow,
periodically waterlogged soils freguently acre affected by disback at
an earlier age and at greater intensities than forests on deeper
soils and it iz possible that thess differences in soils also result
in different levels of stress which can affect the =xelative

susceptikility of roots to infection and decay by Cylindrocarpon sp.

Whevreas the ﬁﬁiflj studies demonstratcd that Cylindrocatrpon sp.

could infect and kill E. oblicua seedlings subsequent studies
examined the processes and factors affecting the infection and decay
of E. obliqua roots. The interactions between soil and rhizosphere
wicro-organisms, environmwental conditions, root exudates from

stressed seedlings and Cvlindrocarpon sp. ianoculum were examined to

determine how they may influence the behaviour of Cylindrocarpon sp.

on the roots of E. obliqua. A hypothetical model of these
interactions in the rhizosphere of E. obliqua roots was tested and

found to account for much of the resultant effect on Cylindrocarpon

sp. inoculum. The germination, survival and activity of

Cylindrocarpon sp. on the surface of E. obliqua roots appears to be

influenced by a balance between stimulatory root exudates and
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fungistatic and lytic products resulting irom the utilisation of
these exudates by the «rhizosphere microflora. The sustained
decrease in exudate which may occur during a decline in tree growth
could result in decreased fungistasis and lvsis by micro-organisms
in the «rhizosphere leading to the increased germinavion of

Cylindrocarpon sp. Irregular higher levels of exudation, such as

those following stress or wounding may not be fully utilised on the
surface of roots with low microbial activities and may further

stimulate Cylindrocarpon sp. The model of the interactions between

root exudates, rhizosphere micro-organisms and the fungistasis and
lysis of fungal imoculum on the surface of plant roots may be
relevant to a wider understanding of rhizosphere microbicvlogy and

root diseases.

Cylindrocarpon sp. readily colonised the cortex of roots of E.

obliqua seedlings without any apparent resistance by the plaant apart

from that afforded by the fungistasis and lysis of Cylindrocarpon

sp. in the rhizosphere. Thig is coasistent with studies on
eucalypts in Western Australia (Malajczuk and McComb 1979) and
Vic;oria (Marks et al 1973) in which resistance of roots to
infection by P. cinnamomi were associated with differences in
rhizosphere micro-organisms and not root defence reaction (Tippett
1976). While the infection of the cortex of E. obligua roots by

Cylindrocarpon sp. did not result in major damage many of the

infected roots had extensive discolorations and blockages of their
xylem vessels. It appeared that two stages may occur in the

association of Cylindrocarpon sp. with the fine roots of E. obliqua

seedlings which together would accouat for the various associations

between Cylindrccarpon sp. and the infection and decay of E. obliqua

roots.



169

The first stage involves infecticn oF the cortex of roots by

Cylindrocarpon sp. and is nompathogenic. This stage is consistent

with the common role of Cylindrocarpon spp. as root companion fungi

(Rurbis 1937, Garrett 1970} and occurs throughout the healthy

development of the E. obliqua ferests. The second stage involves

the production of phytotoxins by Cylindrocarpon ‘sp. within the
cortex of infected roots which induce tyloses and blockage of the
xylem vessels and thereby greatly increase moisture stress in the
affected plants even under optimal soil moisture conditions. The

dysfunction of the =xylem occurs without Cylindrocarpon sp.

colonising the affected tissue. Substrate and environmental factors
may influence the production and stability of the phytotoxin.
Anaerobic conditions appear to increase the stabiliﬁy of the
phytetoxin. This may account for the higher incidence of root decay
and dieback in forests on shallow pericdically waterlogged soils

relative to forests of similar age which have similar levels of

Cylindrocarpon sp. infection on their roots but occur on well

aerated soils.

Consequently Cylindrocarpon sp. appeared to be a natural fungus in

these forest soils which was highly adapted to the environmental,
soil and biotic factors existing in E. obliqua regrowth forests.

Cylindrocarpon sp. was capable of infecting and killing E. obliqua

seedlings under the conditions existing in regrowth forests. The
dieback of former dominant trees during the tramsition from regrowlh
to mature forests also appear to be a natural phenomera in the
development of these forests. The dieback appears to be caused by
an interaction between physiclogical stress, the level and activity

of Cylindrocarpon sp. inoculum, the environmmantal conditions and

their resultant effects on the level of root decay and moisture
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stress in the affected tress. While root decay by Cylindrocarpon

sp. appears te be a primary factor im both the initiation of
regrowth dieback and the failure of stressed trees to recover on

return to more favourable conditioms the role of Cylindrocarpon sp.

in dieback should always be considered as one of severel factors

which contributes to the dieback complex.

The investigations of the aetiology of regrowth dieback raise
several questions regavding the natural development of these and
other eucalypt forests. It would appear that the dieback of former
dominant trees dis patural and has occurred previously in the
transition of regrowth forests to mature forests. The <close

involvement of the different stage of Cwylindrocarpon sp. root
g 3 i

infection and decay during the growth, and selective dieback of E.

chiiqua trees suggests that Cylindrocarpon sp. may be an important

mechanism in the natural succession of these forests. While it has
been suggested tbat fungal and/or insect parasites are involved in
species differentiation during the natural development of eucalypt

forests (Burden and Chilvers 1974) the involvement of Cylindrocarpoa

sp. in the dieback of these E. obliqua forests represents some of °

the first evidence in support of this hypothesis.

The regeneration and development of these and many other eucalypt
forests have been associated with previous fires (Jackson 1978, Gill
1975) and it is therefore feasible that interrelationships may exist

between fire and Cylindrocarpon sp. which may influence the

development of these forests. Indeed the incrBase in the numbers of

microsclerotia and activity of Cylindrocarpon sp. in the soils of E.

obliqua forests with time since regeneration fires suggests such an

interrelationship exists. So does the decrease in the numbers and
P
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activity of Cylindrocarpon sp. micresclerotia in recently burnt

. . .0 . .
forest soil or soil heated above 45 € (Jehne unpublished). Further
studies (Jehne unpublished) support that a close relationship exists

between fire and Cylindrocarpon sp. in the soils of these forests.

This is consistent with studies in other forests (Visser and
Parkinson 1975) and with studies of some of the responses in
eucalypt seedlings attributed to previous fires (¥Florence and

Crocker 1962).

The <close involvement of Cylindrocarpon sp. in the dieback and

development of natural E. obliqua forests in Tasmania also raises

guestions about the involvement of Cylindrocarpon spp. in the

ecology of eucalypt forests throughout Australia which have similar

fire histories. Cylindrocarpon sp. was consistently isolated from

the soils of tall open eucalypt forests from throughout Tasmania
(Figure 2) and is associated with the dieback and development of

similar E. delegatensis forests in northeastern Tasmania (Jehne

unpublished). A DMoezia sp., synonymous with Cylindrocaxrpon

(Subramanian 1971), was found to be a common coleniser of the leaf
litter in E. regnans forests in Victoria (Macauley and Thrower
1962). C. destructans was found to be the dominant fungus

colonising the rhizospheres of E. fastigata and E. viminalis
seedlings growing in foresp soil in the Australian Capital Territory
(Johnston 1976 pers. comm.). C. destructans was also found to be
common on the roots of E. pilularis seedlings growing in soils from

forests in northern New South Wales (Evans, Cartwright and White

1967). Conseguently Cylindrocarpon spp. appear to be common in the

root zones of many eucalypt forests throughout eastern Australia.
Further studies need to be conducted to establish whether these

Cylindrocarpon spp. similarly influence the root syatems, stress and

development of eucalypt forests throughout Australia.
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The investigations cof the aetiology of regrowth dieback in southera
Tasmania may aiso contribute to a wider understanding of dieback
complexes in other forests throughout the world. In particular the

involvement of Cylindrocarpon spp. in the unexplained dieback

complexes in birch and Pinus monticeola forests in North America may

warrant reinvestigation. These investigations on\ the death of
former dominant trees also raise questions aboul the future health
and stability of the large areas of forest monoculture which have
been established with tree genotypes which have been selected for
rapid ianitial growth. This may be particularly relevant to the
large areas of eucalypt plantations which have recently been
established thrcughout the world and whose development may not be

unlike that of natural regrowth forests of uniform age.

These investigations may also help to clarify the invelvement of

Cylindrocarpon spp. in soils, on the surface of plant roots and in

plant disease. While Cylindrocarpon spp. have frequently becn

isolaved from a wide range of soils, litter, root surfaces aand host

plants the involvement of Cylindrocarpon spp. in disease had

remained illdefined. The demonstration that Cylindrocarpon sp. can

be pathogenic on E. obliqua seedlings under suitable conditions and
the identification of the two stages in its association with E.
obliqua roots may aid in the interpretation of the role of

Cylindrocarpon spp. in other root diseases. The demonstration of

the importance of inoculum concentration, environmental factors arnd

physioclogical stress in the pathogenicity of Cylindrocarpon sp. may

also aid in relating the results of pathoBenicity studies with
seedlings to an understanding of diseases in older and more complex
natural forests. TFinally these studies on the aetiology of regrowth

dieback emphasize the value of investigating this '"unexplained"
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dieback of natural forests not simply as a new phenomena in isolated
trees, but as part of a wider perspective which also considered the
natural development of these forests and the many factors which may

contribute tc the aetiolegy of +this and many other disease

complexes.
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APPENDIX 1.

w

COMPOSITION OF MEDIA

Standard Mycological Media.

<"}

bl

0

a, Malt extract agar %
b.

. Potato dextrose agar

.5
ols

Cornmeal Agar *

L
r

. Lima Bean agar %

Commexrcial preparations by Oxoid or Difco used throughout.

NaN03 2g

K Cl 0.5g
Mg SOA.7H20 0.5g
Kz H PG4 0.35g
Sucrose 30g
Agar 25g
Distilled water 1000 ml

. Czapeks agar or liquid media in the absence cof agar.

Media for the isclation of structural wood decay fungi.

L Asparagine 2g

K H2 PO4 1.75¢
Mg S04 7H20 0.75
Glucose 10g
Agar 10g
Thiamine HC1 img
Benomyl 10ug
Streptomycin Sulphate 200pg
ethanol 0.5ml
distilled water 1000ml

Media for the isolation of pythiaceae PlOVP Tsaoc + Ocana (1969)

Cornmeal Agar (Difco)
Pimaricin "Pimafucin', 2.5% sterile
Vancomycin {(Vancocin HC1)

P.C.N.B. (Pentach!or nitrobenzene)

17g

10ppm
200ppm
100ppm

Rl ot
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4. Media for the isolation of Fusarium spp. Denis et al. 1966.

tryptlone 15¢g

Soya peptone S5g

Na C1 5g

Yeast. extract 5g

K H2 PO4 1.5¢g

Agar ’ 15g

Rose Bengal 0.035g

Sodium Azide 0.025¢

distilled water 1000wl

5. Media for the isolation of Cylindrecarpon microsclerotia.
Czapeks agar as above ‘
Oxgall "oxbile" (Oxoid)  40g
Streptomycin sulphate 200ppm

6. Media for water activity studi=ss Dubélgg al. 1971.
- Basic media Na N03 0.68g
KH2 PO4 0.68¢g
Kz H PO4 1l.4g
Mg SOA .7H20 0.12¢g
Sucrose 4. 0g
Agar 10.0g

Distilled water 1000ml

Additions of salt mixtures (g/1) to obtain water activity of:

a Na Cl K Ci Na,, SO

W 2 74
0.995 3.36 2.57 3.27
0.990 7.56 5.78 7.35
0.980 16.60 12.50 15.90
0.960 33.90 25.90 33.00
0.940 50.80 38.80 4%.50

7. Bufters used in pH response studies.

Mixtures of these buffer solutions at the various compositions

wvere added to moulten Czapeks agar minus K HPO4 to make agars of

2
half pormal solute concentrations.



0.2M Na2 HPO4.H 0:0.1M Citric Acid.

2

pl
2.2 2 - : 98
2.6 10.9 89.1
3.0 20.5 79.5
3.4 28.5 71.5
3.8 35.5 64.5
4.2 41.4 58.6
4.6 48.2 51.8
5.0 51.5 48.5
5.4 55.7 44.3
5.8 €0.4 39.6
6.2 66.1 33.9
6.6 72.7 27.3
7.0 82.3 17.7
7.4 90.8 9.2
7.8 95.7 4.2
8.0 97.2 .8

0.067H1 Na2 HPO4 .ZHZO: 0.067M KH2 P04

pH -
5.4 .1 96.9
5.8 .0 92
6.2 18.5 81.5
6.0 36.0 64
7.0 61.0 39
7.4 80.8 19.2
7.8 91.5 8.5
8.0 94.5 5.5

Liquid media used in cellulolysis ° studies Garrett(1970).

Na N03 S5g

KH2 PO4 1g

Mg 804.7H20 0.5¢

Iron Citrate Img

Thiamine HC1 0.1Img

Biotin 0.01mg

Distilled water 1000ml
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11.
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Media used for studies on rhizosphere micro-oganisms.

a. Nutrient agar
Yeast extract 3g
Peptone 5g
Agar 12g
Distilled water 1000m1.
b. Soil extract agar

Filtered suspension of 5 g of soil in 1000ml distilled water.

KH2 PO4 . 2g
Agar 12g
C. Basal media

KNO3 0.5g

KZHPO4 1.0g
9

MgSO4.7H20 0.2¢

Ca Cl2 0.1g

Na Cl 0.1g

Fe SOA.7H20 0.01g

Glucose 1.0g

Agar 15¢g

distilled water 1000ml.

Media for fungitoxicity studies.

a. Soil extract agar

Filtered suspension of 30g soil in 1000ml distilled water.

KHZPO4 2g

Agar 20g PH 5.7

b. Leaf extract agar.

Filtered macerate of 30g eucalypt leaves in 1000ml distilled water.
KH, PO 2g

2774
Agar 20¢g pH 5.7

Petri solution.

/ L
Ca(NO,), .4H,0 0.4g
Mg SO,.7H,0 0.15g
KH, PO, 0.15g
K C1 0.06g

distilled water 1000m1
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Gylcerol.Asparagine agar for the isclation of Actinomycetes in the

E. obliqua rhizosphere.

Glycerol 20g

L Asparagine 2.5g
NaCl 1.0g
CaCO3 0.1g
FeSOA.7H20 0.1g
Mg504.7H20 0.1g
Agar 20g

distilled water 1000ml



APPENDIX 2.

STATISTICAL ANALYSIS

The =replicated measurements made in experiments with factorial designs
were analysed using standard analysis of variance tests. Least
significant differences for these data were calculated at the

probabilities indicated in each figure.

Standard regression analyses were used to test the association between

data and cbtain co-relation coefficients.

The wvariability of measurements from replicated samples for individual
data points in series of samples of different ages on types of materials
is represented by bars in some of the figures which indicate twice the

standard error of that mean.



