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Cylindrocladium blight of Eucalyptus is one of the most important diseases of E.
grandis in young plantations. This disease has not been fully characterised i
Colombia where it has previously been recognised as important. The aim of the study
presented in Chapter Four is to identify the species of Cylindrocladium responsible
for the disease. Isolates of the pathogen were, therefore, collected from three
geographical zones and these are identified based on morphology and DNA based

comparisons.

In Chapter Five of this dissertation, the presence of Cerarocystis fimbriata on E.
grandis in Colombia is reported for the first time. The fungus is a serious pathogen of
other crops such as coffee in the country, but it has not as yet been recognised as a

threat to Eucalyptus in Colombia.

Studies that make up this dissertation were conducted both in Pretoria and in
Colombia, This has to some extent limited the range of investigations that were
possible. However, the overall aim of providing a background to the future studies of
Eucalyptus diseases in Colombia was achieved. Chapters making up this document
were developed over a period of two years and they should be read as entirely

independent entities. This format has necessitated some duplication between chapters.













































Several Mycosphaerella spp. were identified from Eucalyptus spp. in Colombia.
Mycosphaerella suberosa Crous, F.A. Ferreira, Alfenas & M.J. Wingf. was associated
with corky leaf spots. This fungus has also been found on E. grandis, E. dunnii Maiden
and E. molluccana Roxb. in Brazil (Crous ef al. 1993a), Indonesia (Crous & Wingfield
1997) and Western Australia (Carnegie, Keane & Podger 1997). In Colombia, it was
observed on young and older mature foliage of E. globulus (M. J. Wingfield, personal
communication). Mycosphaerella parkii Crous, M.J. Wingf., F.A. Ferreira & Alfenas,
known from E. grandis and E. globulus in Brazil (Crous ef al. 1993b) and E. grandis in
Indonesia (Crous & Alfenas 1995), was isolated from leaf spots on juvenile leaves of E.
grandis, and appeared to be fairly common m Colombian plantations. Mycosphaerella
africana Crous & M.J. Wingf. that has been described from several Eucalyptus spp. in
South Africa (Crous & Wingfield 1996) and has also been recorded from E. globulus in
Portugal, was found on E. grandis in Colombia {Crous & Wingfield 1997). Other
species that occur in Colombia, is M. flexuosa Crous & M. J. Wingf. and M. lateralis

Crous & M. J. Wingf. (M. J. Wingfield, personal comnmunication).

Sonderhenia eucalypticola (A. R. Davis) H. Swart & J. Walker (teleomorph:
Mycosphaerella walkeri R.F. Park & Keane) was found on juvenile leaves of E.
globulus. This fungus is known from several Eucalyptus spp. in Australia and New
Zealand (Park er al 2000). However, the teleomorph occurs on E. globulus and another
Eucalyptus sp. from Australia (Peredo,1995), and has recently also been recorded on a
Eucalyptus sp. from Chile (Wingfield, Crous & Peredo 1995). It has also recently been
collected on E. globulus leaves from Ecuador (Crous and Wingfield, unpublished),

suggesting that it occurs widely throughout South America.

Representative specimens used in this study: Celombia: M. africana, on E. grandis
leaves, Sinai, M. J. Wingfield, Jun. 1995, PREM 54978. M. colombiensis on leaves of
E. wurophylia, Pinal farm, M. J. Wingfield, May 1995, PREM 54396, PREM 54397. M.
flexuosa, on leaves of E. globulus, Selva, M. J. Wingfield, May 1995, PREM 54401, M.
lateralis on leaves of E. grandis, Selva, M. J. Wingfield, Jun. 1994, PREM 54403; on
leaves of £. grandis, Sinai, M. J. Wingfield, Jun. 1995, PREM 54404.
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2003, Zhou, Smith & Stanosz 2001, Zhou & Stanosz 2001). These include those with
hyaline conidia that are treated in Fusicoccum and others with dark, thick-walled

conidia that are best placed 1n Diplodia.

Botryosphaeria spp. are well recognized as opportunistic wound and stress related
pathogens (Schoeneweiss 1981). These fungi are also well adapted to live as facultative
parasites or saprophytes on dead wood and other plant material (Sivanesan 1984).
Under certain environmental conditions they can be virulent pathogens infecting twigs,
stems, roots and leaves, which penetrate their hosts through wounds, open stomata and
lenticels (Luttrell 1950, Wene & Schoeneweiss 1980). A recent understanding of these
fungi is that they infect healthy plant tissue and can exist for extended periods of time
in a latent form (Fisher, Petrini & Sutton 1993, Roux 1998, Smith, Wingfield & Petrini

1996). With the onset of stress, they then become active and cause serious disease,

Botryosphaeria spp. constitute an important group of pathogens of many hosts
throughout the world (Von Arx & Muller 1954). In terms of exotic plantation forestry
these species are also pathogens of Fucalyptus (Smith 1995, Roux 1998).
Botryosphaeria dothidea has been reported to cause canker and die-back diseases of
Eucalyptus species in Australia and the United States (Barnard ef o/ 1987, Davison &
Tay 1983, Webb 1983). Webb (1983) reported the presence of B. dothidea in
commercial seed of Eucalyptus camaldulensis Dehnh. in South Florida. Shearer ef al.
(1987) showed that this fungus was responsible for the death of Fucalyptus radiata
Sieb. ex DC. in selection trials in Australia. Davison & Tay (1983) reported the natural
occurrence of B, dothidea cankers in Eucalyptus marginata Donn. ex Sm. forests in
Australia. Likewise, Barnard et af. {1987) showed that B. dothidea is involved as one of
a complex of organisms that cause coppice failure of E. grandis W. Hill ex Maiden in
Florida. Smith ef af (1994) found that two species of Bowryosphaeria are associated
with cankers on Fucalyptus in South Africa namely B. dothidea and B. eucalyptorum
Crous, H. Smith & M. J. Wingf.

Eucalyptus plantations represent an important renewable resource for the forestry
industry in Colombia. One of the most important species presently planted is E.

grandis. This species has been used in reforestation and clonal programs by private
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both cooler and warmer areas. Temperature, therefore, does not appear to be an
important factor limiting the occurrence of the fungus., However, because
Botryosphaeria spp. are typically stress related pathogens (Schoeneweiss 1980),

climate may affect susceptibility of trees.

The AMMI analyses have shown that there are distinct interactions between site, clones
inoculated and the two Botryosphaeria spp. present. Thus, at La Suiza and Cecilia B.
ribis 1s clearly the most severe pathogen across clones. Although B dothidea was, in
general, only mildly pathogenic at Angela Maria, the high environmental score for this
site indicates that it does seem to have the capacity to increase pathogenicity of the

disease should conditions or the fungus change.

DNA sequence data were essential to identify the Bofryosphaeria spp. recognised in
this study. This has also been true in a number of recent studies considering species of
the fungus (Jacobs & Rhener 1998, Slippers et al. 2003, Zhou & Stanosz 2001).
However, once these species had been clearly defined, it was also possible to show that
they could be distinguished based on morphology. This was best achieved based on
conidial size, where B. dothidea has longer spores than those of B. ribis. This
motphological characteristic should facilitate rapid identification of the two species in

the future.

In this study, we found significant differences in pathogenicity between B. dothidea and
B. ribis. Lesion lengths associated with B. dofhidea inoculations were significantly
smaller than those associated with B. ribis, in both greenhouse and field trials. In
addition, this result was confirmed at sites across three major climatic zones where E.
grandis and its hybrids are currently being planted. The consistent pathogenicity of B,
ribis 1n all areas shows that it has the capacity to infect trees, assuming climatic

conditions are conducive to infection.

Results of this study clearly show that different clones differ substantially in their
susceptibility to infection by B. ribis. This is also consistent with observations of the
natural occurrence of Boiryosphaeria canker on different clones. Our results suggest

that it will be possible to conduct field inoculation trials to select clones that are tolerant
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Fig. 12. Mean lesion lengths after inoculation with Botryosphaeria dothidea and B. ribis
on 14 clones of Eucalyptus grandis at Libano farm. Bars represent confidence limits for

each isolate on all clones inoculated.
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Fig. 13. Mean lesion lengths after inoculation with Botryosphaeria dothidea and B. ribis
on 14 clones of Fucalyptus grandis at Angela Maria farm. Bars represent confidence

himits for each isolate on all clones inoculated.
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Fig. 14. Score values obtained from an AMMI analysis plotted against the overall lesion
length for isolates of Botryosphaeria dothidea and B. ribis, susceptibility of clones and

location interaction.
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Fig. 2. Map of Colombia showing co-ordinates, altitude and precipitation of the locations
where Cryphonectria cubensis was discovered on various Melastomataceae, and where

field trials were conducted.
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Fig. 3. Raw sequence data of the two regions sequenced within the B-tubulin gene
(designated as B-tub la/lb and B-tub 2a/2b) and the ITSI, conserved 5.8S and ITS2
regions of the rDNA operon. The start of each region is indicated above the alignment.
The exon regions of the B-tubulin gene, as well as the conserved 5.8S region of the rDNA
operon, are indicated in red. Unknown sequence characters are indicated with a “N”,
while gaps inserted to achieve sequences alignment are mdicated with “-*. Bases

matching those of CMW 2113 are indicated with a “.”.
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Fig. 4. The phylogenetic tree (tree length = 1198 steps, consistency index/CI = 0.8,
retention index/RI = 0.9) generated from a combined data set comprising ribosomal and
B-tubulin gene sequences. Confidence levels of the tree branch nodes >50% are indicated
and were determined by a 1000 replicate bootstrap analysis. Isolates sequenced in this
study are bolded. Host species for C. cubensis are indicated in capital letters. The

Diaporthe ambigua isolates were used as the outgroup taxa.
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Fig. 4. Raw sequence data of the B-tubulin gene. Unknown sequence characters are
indicated with a “N”, while gaps inserted to achieve sequences alignment are indicated

with “-“. Bases matching those of STE-U 2712 are indicated with a ©.”,
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Fig. 5. The phylogenetic tree obtained from B-tubulin gene sequences. Confidence levels
>50% determined by a bootstrap analysis (1000 replicates) of the tree branch nodes are

shown. Isolates sequenced in this study are bolded. A Fusarium circinatum isolate was

defined as the outgroup taxon.
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Fig. 6. Graphical presentation of leaves of 42 Eucalyptus grandis clones infected by
Cylindrocladium spathulatum on the Angela Maria farm in Colombia. Data are presented as

percentage leaves infected and 95% confidence limits are also shown.
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from Schizolobium (CMW 8858) and isolates from Coffea sp (CMW 4844, CMW 4824).
The second clade contained the other C. fimbriata 1solates from Kucalyptus spp. in Brazil
(CMW 4903}, Uruguay (CMW 7383, CMW 7387, CMW 7389), Congo (CMW 4793)
and Uganda (CMW 5312). This second clade also contained isolates from Coffea sp.
(CMW 4835) and citrus (CMW 4829) in Colombia.

Pathogenicity tests

The three C. fimbriata isolates used in the inoculations gave rise to lesions (Fig. 4) of
varying length on inoculated E. grandis trees (Figs 5-7). Although average lesion lengths
exceeded those of the controls (Figs 5-7; Tables 3-5), for most isolates these differences
were not statistically significant. However, one isolate (CMW 11285) from wounds on E.
grandis at La Suiza, was highly pathogenic and produced extensive lesions significantly
different (P = 0.0001) to all others (Figs 5-7).

Eucalyptus grandis clone 301 planted at all three sites was most susceptible to isolate
CMW 11285 with lesions extending up to 350 mm (Fig. 5-7). Lesions on Clone 2
planted at Cedral and La Suiza were not significantly different from each other (Figs 5-
6), irrespective of the isolate used for inoculation. Clone 2 was clearly resistant to even
the most pathogenic isolate of C. fimbriata. Trees representing the seed lot F. grandis
211 were significantly more susceptible to the highly pathogenic C. fimbriata isolate
CMW 11285, but not to isolates CMW 11284 or CMW 8858 (Fig. 7; Table 5).

DISCUSSION

Results of this study have shown clearly that C. fimbriata is able to infect wounds on E.
grandis trees in Colombia. These infections, however, appear not to be common and
occurred only on two trees cultivate in two different zones considered in this study.
Although wounds became infected with C. fimbriata, no indication was found of trees
dying due to these infections. This may be due to the fact that trees were inspected once
after eigth weeks, which might not have been enough time for symptoms expresion. A
more likely explanation would be that environment not favourable or trees were not

highly susceptible to infection by C. fimbriata.
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The two isolates from wounds on E. grandis in Colombia, grouped inside one of the two
distinct phylogenetic lincages previously described for isolates of C. fimbriata from
Colombia (Bames et a/. 2003a, Marin et al. 2003). Other C. fimbriata isolates from
Eucalyptus in South America and Africa, however, grouped in the other lineage. Various
authors (Barnes et al. 2003a, Marn ef ol 2003, Webster & Butler 1967) have suggested
that C. fimbriata could represent a complex of distinct species that are morphologically
similar. Results from this study, therefore, suggest that at least two species of

Ceratocystis occur on Eucalyptus spp. in the world.

Ceratocystis fimbriata 1s a virulent pathogen of a wide range of hosts (Kile 1993)
including Eucalyptus (Barnes et al. 2003a; Roux er al. 1999, Roux et al. 2001). Although
the fungus was not found associated with naturally infected trees m this study, we were
able to show that wounds on Eucalyptus can be infected by the fungus. Furthermore,
pathogenicity tests showed clearly that one £. grandis clone deployed in Colombian
plantations is highly susceptible to infection by this fungus. Certainly these results have
shown that C. fimbriata is a potentially important Eucalyptus pathogen in Colombia.
Previously unexplained deaths of trees at Smurfit Carton de Colombia plantations could

well have been due to this fungus, which can also be difficult to isolate.

In this study, artificially infected wounds were made on frees to determine whether these
might become infected by C. fimbriata. Similar wounding studies have previously been
used on Eucalyptus in Australia (Barnes ef al. 2003b; Kile e al. 1996) and these have led
to the discovery of new species of Ceratocystis. Ceratocystis spp. are well-known to
infect wounds on trees and these infections probably originated from infected sap-
feeding insects visiting wounds (Hinds 1972, Juzwik & French 1983, Teviotdale &
Harper 1991). We believe that C. fimbriata infection of the wounds made on Fucalyptus
in this study originated from insects visiting these wounds, although further studies are

needed to confirm this.

Inoculations in this study showed that one isolate of C. fimbriaia from wounds on
Eucalyptus, was significantly more pathogenic than two other isolates chosen for
inoculation trials, Variability in virulence of individuals of a pathogen is a well-
recognised phenomenon and emphasises the importance of choosing appropriate isolates

when screening planting stock for resistance (Wolfe & McDermott 1994). If this isolate
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Fig. 5. Results of an inoculation trial with isolates of Ceratocystis fimbriata from
Eucalyptus grandis (CMW 11285 and CMW 11284) and Schizolobium parahybum
(CMW 8858} from Colombia and a negative control. Inoculations were done on F.
grandis clones 301 and 2 at Buenos Aires farm, Trujillo Valle. Mean length of lesions is

shown with 95% confidence limits.


















