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Abstract. The Botryosphaeriaceae include several well recognised Eucalyptus pathogens of which various species have
recently been found on Eucalyptus spp. in Venezuela. An initial inoculation trial was conducted using seven species
(Botryosphaeria mamane, B. dothidea, Lasiodiplodia theobromae, Neofusicoccum andinum, N. parvum, N. ribis and
Pseudofusicoccum stromaticum) on one commercially propagated clone representing a Eucalyptus urophylla x E. grandis
hybrid in Venezuela. Stems were inoculated and lesion development recorded after 7 weeks. Inoculations with B. mamane,
B. dothidea, L. theobromae, N. andinum and P. stromaticum showed little effect, but N. parvum and N. ribis caused bark
swelling around the inoculation points with kino exudation. A second inoculation trial was performed on four commercial
clones to evaluate variation in their tolerance to infection by N. ribis and N. parvum, which were the most pathogenic in the
first trial. The clones differed significantly in their tolerance to infection by N. parvum and N. ribis, and N. parvum was
significantly more virulent than N. ribis on all clones. These results illustrate the potential of using Eucalyptus clones to
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manage canker disease of Eucalyptus caused by species of Botryosphaeriaceae.

Additional keyword: clonal plantation forestry.

Introduction

The Botryosphaeriaceae is a cosmopolitan family of fungi, which
have an exceptionally wide host range, particularly on woody
plants (von Arx 1987). Many of these fungi are regarded as weak
pathogens that infect stressed or wounded plants after drought,
hail, wind, frost damage or insect infestation (Schoeneweiss 1984;
Old 2000; Old and Davison 2000; Slippers and Wingfield
2007). Some Botryosphaeriaceae also exist as endophytes in
asymptomatic tissue of hosts, including Eucalyptus, as latent
pathogens, only expressing disease symptoms when the host
defence mechanisms are reduced due to stress (Fisher et al.
1993; Smith et al. 1994, 1996; Burgess et al. 2005).

Infection by certain Botryosphaeriaceae has been reported to
occur through wounds (von Arx and Miiller 1954; Ciesla et al.
1996; Old 2000; Old and Davison 2000). On healthy plants,
infection can also occur directly through lenticels, stomata or
other openings, without causing apparent damage or disease
symptoms (Smith et al. 1996). Species of Botryosphaeriaceae
are, however, treated as opportunistic pathogens, because the
diseases they cause are almost always associated with stress or
wounding. Despite their pathogenic abilities, Botryosphaeriaceae
are also well known as endophytes of aerial parts of woody
plants, apparently existing for long periods of time in the absence
of symptoms (Slippers and Wingfield 2007).
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Eucalyptus species, most of which are native to Australia,
represent one of the most widely planted forest species,
worldwide (Poynton 1979; Turnbull 2000). Various
Botryosphaeriaceae have been reported from Eucalyptus
spp. in native environments and where they are grown as non-
natives in plantations (Sankaran et al. 1995; Slippers et al. 2009),
where they are associated with a wide range of disease symptoms.
Taxonomic studies during the past decade have, however,
revealed that identifications in many earlier reports are likely
to be wrong. Botryosphaeria dothidea and Neofiisicoccum ribis
(=B. ribis) were, for example, thought to be common on
Eucalyptus, but are now known to be generally rare on these
hosts (Slippers et al. 2004a, 2004b). Earlier reports of these
species on Eucalyptus is likely to represent other common species
such as Neofitsicoccum parvum, N. australe and N. eucalyptorum
that were not known at the time (Slippers et al. 2004a, 2004b;
Barber et al. 2005; Burgess et al. 2005). Slippers et al. (2009) lists
at least 19 species of the Botryosphaeriaceae that have been
confirmed from different environments using a modern
taxonomic framework, backed up by molecular data. Early
reports of Botryosphaeriaceae in South America should
probably also be reevaluated; i.e. stick rot and canker caused
by N. ribis reported on E. grandis and E. citriodora in Brazil
(De Arruda Silveira ef al. 2001), cankers on stems and branches
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and root disease on a Eucalyptus sp. caused by N. ribis in
Argentina (Frezzi 1952) and N. eucalypti Sousa da Cémara
causing twig lesions on E. grandis in Uruguay (Bettucci and
Alonso 1997; Bettucci et al. 1999).

The recent description of several new genera in the
Botryosphaeriaceae (Crous et al. 2006) impacts heavily on the
taxonomy of fungi on Eucalyptus. Crous et al. (2006) used a
larger sample and sequence dataset than most previous studies
and distinguished 10 lineages within the Botryosphaeriaceae.
Many of these were recognised as genera, corresponding largely
to anamorph conidial characters. Species of four of these genera
occur on Eucalyptus, namely Botryosphaeria (anamorph
Fusicoccum), Neofusicoccum and Pseudofusicoccum (both
formerly in Fusicoccum), and Lasiodiplodia. Of these,
Neofusicoccum 1is the most common and diverse genus on
Eucalyptus in most areas of the host distribution, while
Lasiodiplodia tends to be the dominant genus in tropical
environments.

Despite the importance of the Botryosphaeriaceae as canker
pathogens on commercially grown eucalypts, the variation in
susceptibility among clones has not been widely explored as a
means to manage disease problems. Recent studies have led to the
identification of seven species of the Botryosphaeriaceae from
Eucalyptus in Venezuela (Mohali et al. 2006, 2007). The aim of
this study was to test the pathogenicity of these species in field
inoculations on a commercially exploited Eucalyptus clone.
A second aim was to determine whether a suite of
commercially propagated clones differ in their susceptibility to
infection by the most pathogenic Botryosphaeriaceae occurring
on Eucalyptus in Venezuela.

Methods
Fungal isolates

Isolates of the Botryosphaeriaceae used in this study
(Table 1) were collected in previous studies (Mohali et al.
2006, 2007). These isolates originated from stems and
branches of Eucalyptus urophylla x E. grandis hybrids and
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Acacia mangium, growing in plantations in Acarigua,
Portuguesa State, and from Eucalyptus sp. growing in the
Cordillera Los Andes in Mérida State, Venezuela
(Table 1). The Botryosphaeriaceae were collected from
asymptomatic plant tissue, as well as from trees exhibiting
discolouration of the wood or dieback, and from entirely
dead trees.

Isolates were grown on 2% malt extract agar (MEA; DIFCO,
Detroit, MI) at 25°C and stored on this medium at 4°C. All
isolates used in this study are maintained in the culture
collection (CMW) of the Forestry and Agricultural
Biotechnology Institute, University of Pretoria, South Africa.

Pathogenicity tests

Inoculation experiments were conducted in January 2004.
Inoculations were made on 2-year-old trees of ~7 m in height
and 25-35 cm in diameter, in plantations of E. urophylla x
E. grandis hybrids in Acarigua, Portuguesa state. For each tree, a
piece of bark was removed with a cork borer (1.5 cm diameter) to
expose the cambium. Bark discs were replaced by agar discs of the
same size bearing the test species of Botryosphaeriaceae. The
wounds were covered with the original bark discs and sealed with
masking tape to prevent desiccation. Lesion lengths that
developed in the cambium were measured 7 weeks after
inoculation.

Seven species of the Botryosphaeriaceae were used in the trial,
six of which had been isolated from trees in the same area where
the study was conducted. Two isolates of each of the seven
Botryosphaeriaceae were used in the inoculation trial (Table 1).

The test fungi were grown on 2% MEA in Petri dishes at 25°C
for 14 days before inoculation. A total of 280 trees (20 trees per
isolate/40 per taxon) were inoculated onto the stems of a single
E. urophylla x E. grandis hybrid clone (256). Twenty trees of the
same clone were inoculated with sterile MEA plugs to serve as
controls.

A second inoculation trial was conducted using only a single
isolate each of N. ribis (CMW13409) and N. parvum

Tablel. Isolates of different Botryosphaeriaceae from Venezuela used in the inoculation trials
All isolates were collected by S. Mohali in 2003

Isolate No.*

Species Host

Origin

CMW13355 Neofusicoccum parvum

CMW13419 N. parvum E.
CMW13362 N. ribis E.
CMW13409 N. ribis E.
CMW13373 Botryosphaeria dothidea E.
CMW13381 B. dothidea E.
CMW13370 B. mamane E.
CMW13397 B. mamane E.
CMW13487 Lasiodiplodia theobromae E.
CMW13488 L. theobromae E.
CMW13366 Pseudofusicoccum stromaticum E.
CMW13426 P. stromaticum

CMW 13444 Neofusicoccum andinum

CMW13455 N. andinum

Eucalyptus urophylla x E. grandis

Acarigua, Portuguesa state

urophylla x E. grandis Acarigua, Portuguesa state
urophylla x E. grandis Acarigua, Portuguesa state
urophylla x E. grandis Acarigua, Portuguesa state
urophylla x E. grandis Acarigua, Portuguesa state
urophylla x E. grandis Acarigua, Portuguesa state
urophylla x E. grandis Acarigua, Portuguesa state
urophylla x E. grandis Acarigua, Portuguesa state
urophylla x E. grandis Acarigua, Portuguesa state
urophylla x E. grandis Acarigua, Portuguesa state
urophylla x E. grandis Acarigua, Portuguesa state

Acacia mangium
Eucalyptus sp.
Eucalyptus sp.

Acarigua, Portuguesa state
Meérida, Mérida state
Meérida, Mérida state

Alsolates come from the culture collection (CMW) of the Forestry and Agricultural Biotechnology Institute, University of Pretoria,

South Africa.
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(CMW13355), which were the most pathogenic species in the
trial used to assess pathogenicity of the different species of the
Botryosphaeriaceae. This inoculation was made on four
commercially propagated clones (113, 138, 213, 276)
representing E. wurophylla x grandis hybrids. An equal
number of trees (20 trees per isolate) were inoculated with
sterile MEA plugs to serve as controls. Inoculations were
made using the identical procedures to those used in the first
inoculation trial. The lengths of the lesions were measured
7 weeks after inoculation with the fungi.

Statistical analyses

ANOVA were computed using the Statistical Package for the
Social Sciences or ‘SPSS’ computer program (Nei et al. 2005) for
the lesion length in every treatment, and using Tukey’s procedure
for the comparison of means (P = 0.05).

Results

Inoculation of a single E. urophylla x E. grandis clone
with seven species of Botryosphaeriaceae

There were significant differences (P>0.0001,d.f. =6, F=57,84)
in the lesion lengths induced by the different species, as well,
between isolates by species of the Botryosphaeriaceae
inoculated onto clone 256 (Fig. 1). It was thus possible to
separate the isolates into three groups according to their level
of virulence (a, b, ¢; P =0.05; Fig. 1). The control inoculations
with MEA plugs produced no lesions in the outer bark and the
wounds had begun to heal and produce callus after 7 weeks
(Fig. 2a).

Isolates of Botryosphaeria mamane and Lasiodiplodia
theobromae did not produce lesions and were not statistically
different from the controls (Fig. 1). B. dothidea produced very
small lesions that also did not differ significantly from the control
(Fig. 1). Sites of inoculation with these three Botryosphaeriaceae
had started to produce callus tissue around the wounds by the time
the trial was terminated.

Neofusicoccum andinum and Pseudofiisicoccum stromaticum
produced small lesions, but those were significantly larger than
those for B. mamane and L. theobromae (Fig. 1). The lesion length
between isolates of N. andinum and P. stromaticum differed
significantly for both species. The points of inoculation with
N. andinum and P. stromaticum had started to heal and produce
callus by the end of the trial.
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Fig. 1. Mean lesion length values (mm) of different Botryosphaeriaceae
inoculated on Eucalyptus urophylla x E. grandis hybrid (clone 256) in
Venezuela. Lesions were measured 7 weeks after inoculation. Isolates with
the same letter above the bar do not differ significantly (P = 0.05).

N. ribis and N. parvum produced significantly larger lesions
than all the other Botryosphaeriaceae included in this study
(Figs 1 and 2b). Both species produced bark swelling around
the inoculation points and in some cases the bark was cracked.
Black kino exudation (Fig. 2¢, white arrow) was observed when
the outer bark was removed from the points of inoculation.

Inoculation of four E. urophylla x E. grandis clones
with N. ribis and N. parvum

In the second inoculation trial, on four commercially used clones,
only isolates of N. ribis and N. parvum were used. Bark swelling
and exudation of black kino exudation typified the inoculation
points on all of the clones treated with these fungi. In contrast, the

Fig. 2. Lesion development during inoculation trials. (¢) Control inoculations on Eucalyptus hybrid stem with malt extract agar plugs produced no lesions.
(b) Lesion produced by Neofusicoccum parvum. (c) Presence of black kino was observed when the outer bark was removed (white arrow) after inoculation with
N. parvum.
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control inoculations with sterile MEA plugs showed no lesion
development.

Significant differences in lesion size were observed for lesions
on the different clones (P > 0.0001, d.f. = 3, F = 4.18) after
inoculation with N. ribis and N. parvum. Clone 213 was the most
tolerant to infection by either fungus with an average lesion length
of 31 mm. Clones 113 and 276 had average lesions length of
44 mm, and clone 138 was the most susceptible with an average
lesion length of 53 mm (Fig. 3).

Significant differences in lesion size were also produced by
N. ribis and N. parvum on the different clones. N. parvum
was more pathogenic than N. ribis on clones 113, 138 and
213, but on clone 276 N. ribis was more pathogenic (Fig. 3).
On average across the clones, N. parvum was the most pathogenic

(Fig. 3).

Discussion

This study considered the relative pathogenicity of different
species of Botryosphaeriaceae to Eucalyptus in Venezuela and
then assessed the relative susceptibility of a suite of different
clones to the most pathogenic species. Only two of the
Botryosphaeriaceae were significantly pathogenic and it was
also shown that Eucalyptus clones differ in their susceptibility
to these fungi. This presents a potential opportunity to select
clones for deployment in Venezuelan plantations, free from
damage caused by Botryosphaeriaceae.

B. mamane did not produce lesions on stems of inoculated
eucalypts. Before its recent discovery in Venezuela, this unusual
species was known only from Hawaii where it has been associated
with witches” broom on the native leguminous forest tree,
Sophora  chrysophylla  (Gardner 1997). In Venezuela,
B. mamane was isolated as an endophyte from asymptomatic
Eucalyptus tissue and there were no signs of symptoms reported
from Hawaii (Mohali e al. 2007). This is clearly a curious fungus
of unknown origin and at least in terms of Eucalyptus plantation
forestry, it appears to be unimportant.
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Fig. 3. Relative susceptibility (mean lesion length in mm) of four
commercial clones of Eucalyptus to inoculation with Neofusicoccum
parvum and N. ribis. Clones with the same letter above the bar do not
differ significantly (P = 0.05).
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An intriguing result of this study was that L. theobromae was
not pathogenic. This result was unexpected as the fungus is
known to be pathogenic on and associated with many diseases
of trees (Sharma et al. 1984; Roux et al. 2000, 2001). In
Venezuela, L. theobromae has been associated with the death
of Pinus and Eucalyptus trees, but only when the plants were
severely stressed by drought or other factors (Mohali 1993;
Mohali et al. 2002, 2007). The isolates of L. theobromae used
in the present study were obtained from both asymptomatic and
symptomatic (blue stain) tissue and their lack of pathogenicity
deserves further investigation.

B. dothidea produced only small lesions on the inoculated
Eucalyptus stems. This species has been associated with mortality
of young transplants, dieback and cancer diseases on Eucalyptus
in different parts of the world (Webb 1983; Barnard et al. 1987,
Smith et al. 1994). However, these studies were undertaken
before the taxonomic revisions of Botryosphaeria spp. based
on DNA sequence data. References to the fungus in previous
studies could thus have been references to species other than
B. dothidea and it is impossible to make logical comparisons
(Slippers et al. 2004a). In this study, isolates were collected from
asymptomatic plant tissue, as well as from trees exhibiting blue
stain or dieback, and from entirely dead trees that were
stressed due to severe drought (Mohali et al. 2007). As with
L. theobromae, it appears that B. dothidea is not an aggressive
pathogen on vigorously growing Eucalyptus in Venezuela.

N. andinum and P. stromaticum produced only small lesions
on inoculated Eucalyptus stems. These fungi represent newly
described taxa recently discovered from Venezuela (Crous et al.
2006; Mohali et al. 2006). N. andinum was isolated from dried
branches of old Fucalyptus trees without obvious diseases
symptoms. P. stromaticum originated from asymptomatic
plant tissue, as well as from trees exhibiting blue stain or
dieback, and from entirely dead trees (Mohali er al. 2006,
2007). N. andinum originates from the mountain ranges near
Meérida state, an area climatically very different from where the
inoculations were conducted, which might have influenced the
results of the inoculations. Overall, the present study has yielded
the first ecological information regarding these species that are
apparently non-pathogenic endophytes.

N. ribis and N. parvum were the most pathogenic species
emerging from the present study. They produced the largest
lesions as well as cracks in the bark and black kino exudation
from the points of inoculation. N. ribis and N. parvum are well
known pathogens of forest tree species, including Eucalyptus
spp. (Frezzi 1952; Davison and Tay 1983; Shearer et al. 1987,
Ahumada 2003; Rodas 2003; Slippers et al. 2004b; Slippers and
Wingfield 2007). The pathogenicity of N. ribis and N. parvum on
inoculated Eucalyptus in Venezuela suggests that they have the
capacity to cause diseases when the trees are under stress.

Many Botryosphaeriaceae are known to have wide host
ranges, thus once a species has been introduced into a new
area, it is quite possible that it would spread to and infect other
hosts (Slippers and Wingfield 2007). In a study of
Botryosphaeriaceae occurring on native Myrtaceae in South
Africa together with the related introduced Eucalyptus, two
species (N. parvum and L. theobromae) were found to co-
infect both hosts, and they are thus likely to move between
them (Pavlic et al. 2007). Consequently there is a threat
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of native Botryosphaeriaceae in this area causing disease on
the introduced hosts, and likewise, for introduced
Botryosphaeriaceae from FEucalyptus to cause disease on
native Myrtaceae. In this regard, an investigation in Uruguay
has shown that Botryosphaeriaceae on native Myrtaceae also
infect Eucalyptus spp. (Pérez et al. 2007). Such host shifts may
not be uncommon and where novel host—pathogen encounters
follow pathogen introductions, the naive recognition and defence
systems of the newly encountered hosts could be compromised
leading to the development of epidemics (Slippers et al. 2005).

This study represents a first attempt to understand the
pathogenicity of Botryosphaeriaceae on Eucalyptus in
Venezuela. In some instances, results were unexpected and
these deserved further study. In the case of N. ribis and
N. parvum, there is reason to be optimistic that clones tolerant
to infection can be found and deployed in plantations, as has been
the case in other countries such as South Africa (Wingfield et al.
2001; Smith et al. 2002). Based on the results of the present study,
it should be possible to initiate disease screening procedures to
rapidly identify clones that might be less affected by cankers
associated with the Botryosphaeriaceae.
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