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RESUME

Cryphonectria cubensis causes a serious canker disease of Fucalyptus, and
particularly £. gramdis in tropical and sub-tropical areas of the world. Where these species
are grown intensively, losses can be considerable. Various strategies have thus been
implemented to minimise the impact of the pathogen. The most common of these has been
to select clones of £. grandis and particularly hybrids of this and other species such as E.
urophylla, for deployment. Screening of these clones through inoculation is also being
used in various countries, to gain an early perspective of the relative susceptibility of the
planting stock. Other more rapid techniques to identify disease tolerant clones, such as the
selection of genetic and molecular markers are also being developed, and these hold
considerable promise for the fiture.

While it is critically important to plant clones tolerant to infection by C. cubensis in
high risk areas, it is also extremely costly to select such planting stock. An important
consideration in this regard relates to the likely durability of disease tolerance, and thus
how long clones are likely to retain this trait. The durability of disease tolerant clones will
be closely linked to the diversity of the pathogen population, and particularly, its capacity
to change with time. Despite this fact, almost nothing is known regarding the genetic
composition of the C. cubensis population in any country where the pathogen is important.
In recent years, we have begun to conduct studies on populations of C. cubensis in South
Affica, various countries of South America and in Indonesia. From these investigations, we
have learned that C. cubensis commonly occurs in the sexual state in South America and
Indonesia but that it is asexual in South Afiica. Consistent with this finding, we have also
found that the population of the pathogen in South America and Indonesia is highly diverse,
while it is much less variable in South Africa. We thus predict that disease tolerant clones
in South Africa will have a higher degree of durability than those in the former two
countries, where virulent strains of the fungus are likely to adapt to disease tolerant
planting stock, more rapidly.

A fascinating and potentially useful strategy to reduce the impact of Cryphonectria
canker of Eucalyprus would be to implement biological control of the pathogen. This



could be achieved by introducing dsRNA - associated hypovirulence into the pathogen
population. We have recently discovered dsRNA in isolates of C. cubensis from various
parts of the world and have also shown that it can be associated with reduced virulence.
DsRNA is typically spread through cytoplasmic fusion between isolates of similar genotype.
Therefore, opportunities to capitalise on hypovirulence in the management of
Cryphonectria canker will depend strongly on a thorough understanding of the diversity of
the pathogen population. Thus, our findings indicating that the populations of C. cubensis
in South America and Indonesia are genetically diverse, suggests that hypovirulence would
be difficult to implement in those countries. Conversely, in countries such as South Africa
where the pathogen appears to have been more recently introduced, and where it is not
reproducing sexually, we believe that prospects for disease reduction through the spread of
hypovirulence factors holds considerable promise.

INTRODUCTION

Cryphonectria canker caused by Cryphonectria cubensis (Bruner) Hodges is one of
the most important diseases of Eucalyptus in tropical and sub-tropical parts of the world
(Bruner, 1916, Boerboom and Maas, 1970, Davison and Coates, 1991, Davison and Tay,
1983, Florence et al., 1986, Gibson, 1981, Hodges, 1980, Hodges et al., 1986, Old et al,
1986, Sharma et al, 1985, Wingfield e al, 1989). There is a growing interest in
Eucalyptus propagation in countries outside the native range of this tree, especially for pulp
production and to provide a replacement for fibre traditionally sourced from native forests.
At present it is estimated that approximately eight million hectares of Eucalyptus
plantations have been established, chiefly in the tropics and sub-tropics and the threat of
diseases to this important resource is increasingly recognised (Wingfield ez al., 1995 a,b).

Cryphoneciria cubensis was first described in by Bruner (1916) and has thus been
known for a considerable time. In contrast, recognition of the fungus as an important
pathogen has emerged relatively recently (Hodges, 1980, Hodges et al., 1979, Alfenas et
al., 1982). This change in the status of the pathogen has been coincidental with the greater
intensity of Eucalyptus propagation, but also with the onset of vegetative propagation of
Eucalyptus clones and hybrids. Thus, the first report of the disease was from Surinam
(Boerboom and Maas, 1970) and since that time, it has been reported in reasonably rapid
succession from many other countries (Hodges and Reis, 1974, Hodges et al, 1979;
Gibson, 1981; Davison and Tay, 1983; Florence ef al., 1986; Old er al., 1986; Swart and
Wingfield, 1991; Wingfield et al., 1989).

Avoidance of Cryphonectria canker in highly desirable Eucalyptus clones and
clonal hybrids is an issue of high priority, for groups growing these trees. The risks
associated with the inadvertent deployment of disease susceptible clones are great, and
some serious losses have already been experienced. Selection and breeding strategies
generally include the need to eliminate this disease and some substantial progress has
already been made in this regard.

While breeding and selection of Cryphonectria- tolerant planting stock is being
actively pursued, relatively little attention has been given to the pathogen, and its role in



disease. Thus, questions as to the origin of the pathogen have as yet not been fully
resolved. Furthermore, the related question regarding the genetic diversity of the C.
cubensis population in areas where the associated disease is serious, has hardly been
considered. Questions of this nature will be critically important in any programme to
produce Cryphonectria tolerant planting stock, and thus deserve urgent attention. In this
paper we briefly review progress in our understanding of the virulence and population
diversity of C. cubensis.

ORIGIN OF C. CUBENSIS

Based on morphological and isozyme comparisons, it has been suggested that the
clove pathogen Endothia eugeniae is conspecific with C. cubensis (Alfenas et al., 1984,
Hodges et al., 1986, Micales and Stipes, 1987). This finding has furthermore, led to the
suggestion that the pathogen might have originated in Indonesia where clove is native.
This might further imply that the fungus, in areas such as South and Central America, is
mtroduced. If this were so, it could further imply that the populations of the pathogen in
these countries might be of relatively limited diversity and thus subject to a limited capacity
to change.

In a recent study (Myburg e al., 1998) a reasonably diverse collection of isolates of
C. cubensis were compared based on ribosomal DNA sequence data. The results of this
study confirmed that C. cubensis and E. eugeniae from clove, cannot be separated based on
this part of the genome, which is known to be highly variable, and taxonomically valuable
at the species level (Chambers ef al., 1986). Some minor differences could be found
between isolates of C. cubensis from the Western and Eastern hemispheres. Unfortunately,
only a single clove isolate was available for this study and this originated from Indonesia. It
will now be most interesting to include additional clove isolates from S. America, Africa
and South East Asia, and to see whether these also reside in two separate clades.

Very closely related species can share similar sequence data, even in the highly
variable ITS (Chambers er al., 1986) region of the tDNA. An interesting example has
recently been encountered in the bark beetle associated fungi, Cerarocystis polonica and
Ceratocystis laricicola. These fungi are morphologically indistinguishable and share
identical ITS sequence (Visser ez al., 1995, Witthuhn ef al, 1998). They, are, carried by
different but very similar bark beetles that infest spruce (Piceae spp.) and Larch (Larix spp)
respectively. They can also be separated from each other based on isoenzyme comparisons
(Harrington ef al., 1996). These fungi are, therefore, believed to be distinct but very
sirilar, and to have undergone recent speciation.

Myburg et al, 1998 has recently noted the very close similarity between C.
cubensis and the Chestnut blight pathogen Cryphonectria parasitica. The implication here
is that the two fungi might have had a common ancestor in the relatively recent past. This
hypothesis is based not only on the morphological similarity of the two fungi, but on the
fact that C. parasitica is able to cause cankers on Eucalyptus (Old and Kobayashi, 1988)
and likewise, C. cubensis will kill artificially inoculated chestnut (Castanea dentata)
saplings (Wingfield, unpublished). Sequence data (Myburg ef al., 1998) comparing these



fungi has confirmed that the fungi are very closely related, although they can also be easily
distinguished from each other based on analysis of rRNA sequence data.

A fascinating report by Davison and Coates (1991) has recently suggested that C.
cubensis occurs in Australia. What is most interesting, and perhaps enigmatic about this
report is the fact that the fungus was isolated from roots of E. marginata in western
Australia. The climate of Western Australia is wholly atypical of that usually associated
with C. cubensis and it is also unusual for a typical stem canker pathogen to be found only
on the roots of trees. Despite these ecological inconsistencies, comparison of Australian
and other isolates of C. cubensis based on sequence data have shown that the fungi are the
same (Myburg e al., 1998).

DIVERSITY OF C. CUBENSIS POPULATIONS

The genetic diversity of isolates of a pathogen, in a contained geographic area,
should provide some clues as to its origin. Although only preliminary studies have thus far
been completed, we have shown (Van Zyl ez al, 1998b) that a relatively large collection of
isolates of C. cubensis from Brazil represents a population that has a high level of genetic
diversity. Similar results have been obtained in preliminary studies of the diversity of C.
cubensis isolates from Indonesia and from Venezuela (Van Heerden ef al., 1997). In
contrast, a preliminary study has shown that isolates of C. cubensis in South Africa
represent a much more uniform genetic base than those from other areas studied. This
would imply that the pathogen has been introduced into South Africa relatively recently.

In South Africa, the sexual state (teleomorph) of C. cubensis is extremely rare
(M.J. Wingfield, unpublished data). Where it has been seen, we suspect that it has arisen
through homothalism and that it does not represent outbreeding. This is in contrast to the
situation in various other parts of the world (Indonesia, Brazil, Venezuela) where the
sexual state of the fungus has been found on virtually every infected tree examined (M.J.
Wingfield, unpublished). In the latter countries, sexual reproduction is common and must,
likewise, have led to a great diversity in the populations of the pathogen. This makes it
difficult to determine, based on population structure, where the fungus might have
originated. At the present time, we can only note that the fingus is well established and
diverse in population structure in both South East Asia and South America. Based on
population structure, we can not offer any resolution to the question of origin of the
fungus.

A wide range of C. cubensis isolates from diverse geographic locations has recently
been compared using RAPDS and rRNA sequence data, In these studies (Myburg, 1997) it
has been shown that there are at least two distinct clades of the fungus. One of these
includes South American and South African isolates and the other groups together isolates
from S.E. Asia. The relevance of this observation is presently not clear to us, but it does
suggest that C. cubensis in South Africa probably originated in South America, rather than
in South East Asia.



OPPORTUNITIES TO CAPITALISE ON HYPOVIRULENCE

A reduction of virulence in isolates of fungal pathogens, also known as
hypovirulence, and which is conferred by cytoplasmically transmitted dsRNA hypoviruses,
is a well known phenomenon (Nuss and Koltin, 1990) Indeed the bulk of research on
hypovirulence has been conducted on the chestnut blight pathogen, Cryphonectria
parasitica (Anagnostakis and Jaynes, 1973, Choi and Nuss, 1992, Smart and Fulbright,
1996) which is very similar in both biology and taxonomy to C. cubensis. Opportunities to
capitalise on hypovirulence to reduce the impact of Cryphonectria canker of eucalypts
appear to be increasing rapidly.

Hypovirulence has recently been reported, for the first time, to occur in isolates of
C. cubensis from South Africa (van der Westhuizen ef al., 1994) as well as Brazil (van Zyl
etal., 1998a). Very little is known about the dsRNA associated with this hypovirulence or
how it might compare with that known in C. parasitica. These questions are currently the
basis of a concerted research effort. The most significant problem relating to hypovirulence
lies in the fact that the dsSRNA hypoviruses are naturally transferred only between isolates
representing similar vegetative compatibility groups also known as VCG's (Anagnostakis
and Kranz, 1987). These VCG's represent distinct genets in species of fungi and thus make
up the genetic diversity of a fungal population. New VCG's are generated through sexual
recombination and thus, in a natural ecosystem, one would expect to find a wide diversity
of VCG's present. These would then also prevent the ready spread of hypoviruses within
the population. Where a pathogen has been introduced into a new environment, and where
it also does not undergo ready sexual recombination, it is assumed that excellent
opportunities might exist to reduce to reduce its impact through hypovirulence. We fee
optimistic that this scenario reflects the South African C. cubensis situation. '

An exciting development in the very recent past has been research leading to the
transfer of hypovirulence factors from one fungal species to another through transfection
and transformation (Chen et al., 1996). Thus the hypovirus CHV1-713 L-dsRNA. from C.
parasitica was, for example transferred to C. cubensis, We are currently exploring
opportunities to transfer a C. parasitica hypovirus to dominant VCG's of C. cubensis in
South Affica and, potentially, to use this for biological control.

DURABILITY OF DISEASE TOLERANCE

Currently, the most effective means to reduce the impact of Cryphonectria canker is
to select Eucalyptus clones that display high degrees of tolerance to the disease. This
approach is being used effectively in South Africa and elsewhere in the world. It is also
leading to an improved understanding of the disease tolerance trait and to breeding
programmes incorporating this feature (M. and B. Wingfield, unpublished data).

The selection and testing of Ewcalyptus clones tolerant to diseases such as
Cryphoneciria canker can be extremely time consuming. In some cases, forestry
companies require up to twelve years of testing before new clones are commercially
deployed. Thus, the durability of disease tolerance in these clones is a matter of crucial



concern. As has been mentioned previously in this paper, the C. cubensis population in
South Africa appears to have a relatively limited genetic base. Although the data on which
we base this conclusion are of a relatively preliminary nature, all evidence available to us
suggests that C. cubensis in South Africa has a relatively limited capacity to change. This
would then suggest that newly developed disease tolerant clones will exhibit a high degree
of durability to Cryphoneciria canker.

CONCLUSION

Cryphonectria canker is one of the most important diseases of eucalypts where
these trees are grown in plantations. It is likely to become more important in the future,
especially with a world-wide increase in the utilisation of Eucalyptus for pulp production.
Although it has been suggested that C. cubensis might have originated on clove in
Indonesia, there is no firm scientific data to support this hypothesis. Populations of the
fungus are diverse in both S.E. Asia and South and Central America and the pathogen has
been found on native plants in both regions. Further research to resolve this question is
required.

In contrast to the situation in South East Asia and South America, the genetic
diversity of the C. cubensis population in South Africa appears to be relatively limited. In
addition, sexual recombination in the fungus is common in the former areas, but virtually
non existent in South Afiica.

Outstanding opportunities appear to exist to utilise dsSRNA-mediated hypovirulence
to reduce the impact of Cryphonectria canker in South Africa. In South America and S.E.
Asia, where the populations of C. cubensis are diverse, this might not be a practical option,

The durability of tolerance to Cryphonectria canker in Eucalyptus clones should be
high in areas such as South Affica, where the pathogen appears to have a limited capacity
to adapt. In countries where many VCG's of the pathogen exist, and where sexual
outcrossing is common, a relatively rapid breakdown in disease tolerance might be
expected.
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