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primers Bt2a and Bt2b were used. The sequences for the Ethiopian isolates were compared
with ITS DNA sequences obtained from GenBank [National Centre for Biotechnology
Information (NCBI), usS National Institute of Health Bethesda
(http:/www.ncbi.nlm.nih.gov/BLAST]. Once the possible identity of the fungus was
determined using a BLAST search, additional sequence data of Coniothyrium spp. and

Mycosphaerella spp. were included in the study and the ITS and B-tubulin data analyzed.

Sequence analysis

The ITS and B-tubulin gene sequences were aligned manually using PAUP 4.0 (Swofford,
1998). Gaps were inserted manually and treated as missing data. The sequences were
analysed using parsimony with trees generated by heuristic searches, simple addition and Tree
Bisection Reconstruction (TBR) branch swapping. Confidence intervals were determined
using DNA BOOTSTRAP analysis (Bootstrap confidence intervals on DNA parsimony)
(1000 replicates) (Felsenstein 1993). Mycosphaerella molleriana (Thumb.) Lindau. and M.
nubilosa (Cooke) Hansf. were used as an outgroup for the combined data set. A Partition
homogeneity test was used to check the combinability of the ITS and B-tubilin sequence data

sets (Farris ef al. 1995, Huelsenbeck, Bull & Cunningham 1996).

Pathogenicity test

An inoculation study was conducted on an 18-month-old E. grandis clone (ZG 14)
(approximately 1 ¢cm diameter) in the green house at a temperature of ~25 °C. Prior to
inoculation, plants acclimatised to greenhouse conditions for one week. Seven of the
Coniothyrium isolates from Ethiopia were randomly selected for the inoculation study (Table
1). Cultures were grown on MEA for two weeks before inoculation. A 9 mm cork borer was
used to remove the bark and expose the cambium. Mycelial plugs, of equal size, overgrown
with the test cultures, were placed into each wound with the mycelium facing the wood. All
the wounds were covered with parafilm (Pechiney Plastic Packaging, Chicago) to prevent
contamination and desiccation. Each isolate was inoculated on 10 trees and an additional ten

trees were inoculated with sterile MEA to serve as controls.
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After six weeks, development of symptoms was examined by measuring the lesion lengths on
inoculated trees. A one-way ANOVA was conducted using Statistica for Windows (Statsoft.
Inc. 1995) to statistically compare lesion development associated with the isolates and the

control.

RESULTS

Sample collection and Isolation

Symptoms of Coniothyrium stem canker were observed in several E. camaldulensis growing
localities in South and South Western Ethiopia. These areas were between Woliso and Jima
and between Wolkite and Sodo (Figure 1). E. camaldulensis trees in Jiren plantation near
Jima, and E. camaldulensis trees planted in woodlots as well as around farms and homesteads
were seriously affected by the stem canker. About 50% of E. camaldulensis trees growing at
these localities had symptoms of the disease. Stem malformation and extensive discoloration
of the stems (Figure 2a-2d) were evident on most infected trees. Initially, small discrete
lesions developed on young green bark (Figure 2a, 2d). When these lesions coalesced, large
necrotic lesions developed on the stems, branches and twigs (Figure 2b). Kino pockets were

observed in the wood associated with the bark lesions on infected trees (Figure 2c¢).

After one day in moisture chambers, pycnidial structures, producing slimy spore masses were
found in the sunken necrotic lesions collected from infected trees. A Coniothyrium sp. was
consistently isolated from these lesions and this fungus was morphologically similar to C.
zuluense described from South Africa. In culture, isolates grew slowly and colonies were

olive green in colour. The colonies of most isolates had similar growth and colour in culture.

PCR amplification and analysis of sequence data

Amplification of the ITS regions and 5.85 gene for the Coniothyrium isolates used in this

study yielded a fragment of about 500 base pairs (bp) in size. Amplification of the partial -
tubulin gene yielded fragments of approximately 400 bp.
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ABSTRACT

Plantations of exotic Fucalyptus spp. constitute more than 30% of Ethiopia’s
plantation forests, providing fuel and construction timber to the country. Species such
as k. camaldulensis, E. saligna, E. grandis, E. citriodora and E. globulus are the most
commonly planted. During a disease survey of Fucalyptus spp. in 2000 and 2001,
Botryosphaeria stem canker was observed in most plantations. Characteristic
symptoms included tip die-back, coppice failure and stem cankers characterised by
kino exudation. The aim of this study was to identify the species responsible for
Botryosphaeria stem canker in Ethiopia. Culture and conidial morphology, as well as
DNA-based identification involving RFLP’s and sequencing of the ITS regions of the
ribosomal DNA gene and the elongation factor 1-alpha (EF1-&) gene, were used to
identify isolates. Pathogenicity studies were conducted in the greenhouse and under
field conditions. Results showed that B. parva is responsible for Botryosphaeria stem
canker of Eucalyptus spp. in Ethiopia. This is the first report of the fungus from the
country. The results of greenhouse and field inoculation studies showed that the
Ethiopian isolates are highly virulent. Careful site species selection and breeding trials

are needed to reduce the impact of this disease in Ethiopia.
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INTRODUCTION

In Ethiopia, the planting of Eucalyptus species commenced with the introduction of E.
globulus Labil. in the late 1890’s (Pohjonen & Pukkala 1990, Persson 1995).
Fucalyptus spp., including E. camaldulensis Dehnh., E. saligna Sm., E. grandis Hill
ex Maid and E. citriodora Hook are also commonly planted today. Together, they
constitute the major proportion of the plantation resource, which covered an estimated
100 000 ha in 1990 (Pohjonen & Pukkala 1990, Persson 1995). The wood from these
plantations is used as a source of fuel, construction timber and for the production of

poles and posts.

Fungi in the genus Botryosphaeria are associated with diseases on a wide range of
hosts. On FEucalyptus spp., these fungi are known as saprophytes, opportunistic
pathogens and endophytes (Davison & Tay 1983, Barnard ef al. 1987, Shearer,
Tippett & Bartle 1987, Smith, Kemp & Wingfield 1994, Smith, Wingfield & Petrini
1996). Damage due to Botrvosphaeria spp. is more pronounced when plants are
under stress caused by drought, frost, water logging and insect damage (Wene &
Schoenewesis 1980, Swart, Wingfield & Knox-Davies 1987, Pusey 1989, Old et al.
1990). Recently, it has been recognised that Botryosphaeria spp. also exist as
symptomless endophytes in Fucalyptus spp. For example B. dothidea (Moug.) Ces. &
De. Not. (anamorph = F. aesculi Corda) has been reported as an endophyte in E.
nitens (Deane Et Maid.) Maid. in England (Fisher, Petrini & Sutton 1993) and in E.
grandis, E. camaldulensis, E. nitens and E. smithii R. T. Baker in South Africa (Smith
et al. 1996). When trees or tree parts are affected by stress, these fungi become active

and can cause die-back.

The taxonomy of Botryosphaeria spp. is complicated and has been the subject of
considerable debate (Sivanesan 1984, Butin 1993, Jacobs & Rehner 1998). This is
because many of the species are almost impossible to distinguish from each other in
culture. Furthermore, sexual structures of different Botryosphaeria spp. on infected
tissues are morphologically similar and often indistinguishable. In the past, there has

been a tendency to describe new species for collections from different hosts and this
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A recent disease survey conducted in Eucalyptus plantations of Ethiopia has shown
that symptoms, typical of Botryosphaeria canker and die-back are present on several
Eucalyptus spp. (Alemu, Roux & Wingfield 2003). The aim of this study is to identify
the Botryosphaeria spp. associated with stem canker of Eucalyptus species in
Ethiopia. To achieve this, morphological characterization, PCR-RFLP analysis and

DNA sequencing were used.

MATERIALS AND METHODS

Symptoms, sample collection and fungal isolation

In 2000 and 2001, disease surveys were conducted in plantations of Eucalyptus spp. in
Southern and South Western Ethiopia, from Munessa Shashemen, Wondo Genet,
Menagesha and Jima (Figure 1). Different symptoms were noted on several
Eucalyptus spp. Segments of symptomatic plant parts were incubated in moist
chambers for 2-3 days to enhance development of fruiting structures. These were then
transferred to MEA (2% Biolab Malt Extract and 1.5% Biolab Agar) and incubated at
25°C. Isolation from symptomatic tissue was also made directly onto MEA.
[solations were also made onto MEA from fruiting structures occurring on Eucalyptus
twigs collected from the forest floor. All isolates have been deposited in the culture
collection (CMW) of the Forestry and Agricultural Biotechnology Institute (FABI),
University of Pretoria, South Africa.

Botryosphaeria isolates were inoculated on sterilised pine needles placed on the
surface of water agar (2% Biolab Agar) in Petri dishes for 2-3 weeks at 25 °C to
induce sporulation. Conidial masses from fruiting structures were spread on the
surface of MEA in a sterile drop of water. Germinating single conidia were isolated

after 12-16 hr.
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Morphological characterisation

Isolates were initially characterized based on culture morphology on the MEA.
Conidia from each of these cultures were mounted in lactophenol and examined using
a Zeiss Axioskop light microscope. Widths and lengths of ten conidia were measured
for each isolate and their length:width ratios were calculated based on the mean length

and width of each isolate (Table 1).

DNA extraction

Total genomic DNA was extracted from selected Ethiopian Bofryosphaeria isolates
{l'able 2). 'I'hese isolates were selected to represent different morphological groups.
Mycelium used for DNA extraction was scraped directly from MEA plates covered
with mycelium using a sterile scalpel and placed into 1.5 ul Eppendorf tubes. The
DNA extraction method of Raeder and Broda (1985), with slight modifications, was
used to extract DNA. Extraction buffer, 200 pl (100 mM Tris-HCI, pH 8; 50 mM
EDTA; 500 mM NaCl; 5 g CTAB) was added to each Eppendorf tube and the
mycelium ground into small pieces with a sterile toothpick. When the mycelium was
thoroughly broken, a further 800 ul of extraction buffer was added and incubated in a
60 °C water bath for one hour. Thereafter, 500 ul phenol and 300 ul chloroform was
added and mixed. The cell debris was precipitated by centrifugation (12000 g, for 60
min) at 4 °C. The upper aqueous layer was transferred into new tubes and a further
phenol:chlorophorm extraction was carried out by adding 200 ul phenol and 200 pl
chloroform. This mixture was centrifuged at 12000 g for 5 min at 4 °C. The upper
aqueous layer was again transferred into clean tubes. Following this, 400 ul
chloroform was added to remove the excess phenol. When a clear interface was
obtained, 0.1 volume of 3M NaAc (pH 5.5) and two volumes of absolute ethanol were
added and the mixture centrifuged for 30 min at 4 °C to precipitate the nucleic acids.
The ethanol was discarded and the precipitated nucleic acids were washed by the
addition of 500 ul ethanol (70%) and centrifuged for 5 min at 4 °C. The ethanol was
removed and the DNA pellets vacuum dried to remove excess ethanol. The DNA

pellet was resuspended in 50 ul sterilised water. RNase A (1mg/ml) was added to the
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DNA solution to remove the contaminating RNA and incubated over night at 37 °C in
a water bath. A 1% agarose gel, stained with ethidium bromide was run and the DNA

visualised under UV light.

PCR amplification

The internal transcribed spacer regions and 5.8S gene of the ribosomal RNA operon
and the elongation factor gene (EF1-&) of the Botryosphaeria isolates used in this
study were amplified using the Polymerase Chain Reaction (PCR). To amplify the
ITS rDNA regions, primers ITS 1 (5 TCC GTA GGT GAA CCT GCG G ‘3) and ITS
4 (5 TCC TCC GCT TAT TGA TAT GC °3) (White et al. 1990) were used. For the
EF1-o gene, forward primer EF1-728F (5’-CAT CGA GAA GTT CGA GAA GG-37)
and reverse primer EFI-986R (5°-TAC TTG AAG GAA CCC TTA CC-3’) was used
(Carbone, Anderson & Kohn 1999).

The PCR reaction mixture contained DNA polymerase (7aq, 2.5U/ul, Roche), 0.2
mM DNTP’s, 10x Buffer, with 1 mM MgCl, supplied by the manufacturer, 25 mM
MgCl; and 0.75 mM of each primer and approximately 1ul of DNA. Sterile water (37
pl) was added to give a total reaction volume of 50 pl. Denaturation was performed at
96 °C for 1 min. This was followed by 35 cycles of primer annealing at 55 °C for 30 s,
chain elongation at 72 °C for 1 min and denaturation at 92 °C for 1 min. Final chain

elongation was carried out at 72 °C for 5 min.
Restriction Fragment Length Polymorphisms (RFLP)

The ITS amplicons of the Ethiopian Botryosphaeria isolates used in this study were
digested with Cfo I restriction endonuclease to determine the RFLP profile of the
isolates (Jacobs 2002, Slippers ef a/. 2002). The RFLP reaction mix contained 20 pl
DNA template, 0.5 pl enzyme and 2.5 pl enzyme bufter. The mixture was digested at
37 °C in a water bath for 6 hr. The RFLP fragments were separated on a 3% agarose
gel stained with ethidium bromide and visualised under UV light. A standard 100 bp
molecular marker was used to estimate the fragment sizes. These banding patterns

were compared with those published by Jacobs (2002) and Slippers et al. (2002).
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acclimatise to the greenhouse environment. Thirteen Botryosphaeria isolates from

Ethiopia were used in the greenhouse inoculation trial (Table 3).

Isolates used for inoculation tests were grown on MEA for ten days. A cork borer
with a diameter of 9 mm was used to remove the bark and expose the wood for
inoculation. Mycelial plugs of equal size were placed into each wound with the
mycelial surface facing the xylem. After inoculation, the wounds were covered with
Parafilm (Pechiney Plastic Packaging, Chicago) to prevent contamination and
desiccation of the inoculum. Each isolate was inoculated on ten trees. Ten trees were

also inoculated with sterile MEA to serve as a control.

After six weeks, disease development was evaluated by measuring the lesion lengths
on inoculated trees. These measurements were subjected to statistical analysis (One-
way ANOVA) using Statistica for Windows (StatSoft. Inc. 1995) to determine
whether the lesions associated with the various Botryosphaeria isolates differed

statistically from each other.

For the field inoculation trials, three representative isolates (CMW11059, CMW 11065
and CMW11073) were selected based on the results of the greenhouse inoculation
trial and these are representative of the range of lesion sizes (Table 3). Isolates were
inoculated onto two-year-old coppice stems of £, citriodora trees in a plantation at
Wondo Genet. Each isolate was inoculated into 20 trees and 20 trees were inoculated
with sterile MEA as a control. A 9 mm cork borer was used to remove the bark and
the same protocol used in the greenhouse trial was used. All inoculation wounds were
covered with masking tape to prevent desiccation. Lesion development was evaluated
after 8 weeks. A one-way analysis of variance (P<0.0001) was carmried out to
determine statistically, the differences in lesion development. Comparison of means
was made using Dunnett’s t Test method available in Statistica for Windows

(StatSoft. Inc. 1995).
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ABSTRACT

Pinus patula is extensively used in Ethiopian reafforestation. In recent disease
surveys a dark grey fungus resembling Diplodia sp. was isolated from cones of P.
patula in Ethiopia. Diplodia pinea has a cosmopolitan distribution on Pinus spp. and
is an important pathogen on exotic Pinus spp. in the tropics and Southern
Hemisphere. D. pinea is a stress related opportunistic pathogen that can result in
branch and shoot die-back, root disease and blue stain of the sapwood. D. pinea,
including the two morphotypes (A and C), and D. scrobiculata are commonly
associated with Pinus spp. The aim of this study was to characterise dark grey fungal
isolates obtained from the cones of P. patula in Ethiopia. These were compared based
on morphology and DNA based techniques. Morphological comparisons showed that
the fungi isolated from pine cones represent a species of Fusicoccum as well as D.
pinea. DNA sequences for the ITS, 5.8S and B-tubulin gene regions confirmed the
identification of D. pinea and showed that the fungus with the Fusicoccum anamorph
is closet to Botryosphaeria parva or B. ribis. Analysis of SSR sequences showed that
the D. pinea isolates from Ethiopia represent the A morphotype of the fungus, which
is widely distributed in countries where pines are grown as exotics. Pathogenicity
tests showed that isolates of both Fusicoccum sp. and D. pinea were able to cause

lesions but the D. pinea isolates were most pathogenic.
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INTRODUCTION

In Ethiopia, P. patula Schiede & Deppe and P. radiata D. Don. have been used
extensively for afforestation, having been introduced into the country more than 100
years ago. P. parula is still planted in Ethiopia whereas planting of P. radiata has
been abandoned probably due to Dothistroma needle blight. Plantations of Pinus spp.
cover approximately 30 000 ha, of which P. patula constitutes the major proportion
(Anonymous 1994). Information available on the disease situation in these P. patula
plantations is very limited. In a recent disease survey conducted in Ethiopia, a fungus
resembling Diplodia pinea {Desm.) Kick (= Sphaeropsis sapinea (Fr..Fr.) Dykco &
Sutton) was isolated from cones of P. patula (Alemu, Roux & Wingfield 2003).

Diplodia pinea has a world-wide distribution and an extensive host range mainly
among the conifers (Birch 1937, Eldridge 1961, Gibson 1979). This fungus is known
from Pinus spp., wherever they are planted (Currie & Toes 1978, Gibson 1979) and it
is known as an opportunistic pathogen (Marks & Minko 1969, Swart, Knox-Davies &
Wingfield 1985). Stress, associated with environmental conditions and mechanical
damage, predispose trees to disease caused by D. pinea. The fungus exists in pine
cones and stems as an endophyte (Smith ef a/. 1996), where it lives in the plant
without necessarily showing disease symptoms. Expression of symptoms commences
when the trees are under stress (Swart ef al. 1985, Smith ef al. 1996, Stanosz et al.
1997), such as that caused by hail damage, drought or frost (Marks & Minko 1969,
Bega er al. 1978, Swart et al. 1985, Swart & Wingfield 1991).

Diplodia pinea is associated with various disease symptoms (Puntinhalingam &
Waterson 1970, Swart ef al. 1985). These include shoot blight, shoot die-back, stem
canker (Gilmour 1964, Marks & Minko 1969, Swart ef ¢/. 1985, Stanosz et al. 1997),
root diseases (Wingfield & Knox-Davies 1980) and staining of wood {Da Costa 1955,
Eldridge 1961). In South Africa, for example, D. pinea was found associated with
seedling root rot (Wingfield & Knox-Davies 1980) and associated with hail damage
(Swart et al. 1985). For this reason, P. radiata is not planted in summer rainfall areas

in South Africa (Swart, Wingfield & Knox-Davies 1987, Swart & Wingfield 1991).
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In the past, four morphotypes (A, B, C and I) have been described for D. pinea (Wang
et al. 1985, Palmer, Swart & Wingfield 1987, De Wet et al. 2002, Hausner ef al.
1999). Burgess, Wingfield & Wingfield (2001) showed that the 1 morphotype
represents the anamorph of Botryosphaeria obtusa (Schw.) Shoemaker. In a recent
study, De Wet et al. (2003) showed that the A and C morphotypes, once encompassed
in 8. sapinea, are closely related to each other and treated them in D. pinea. They
also showed that the B morphotype of S. sapinea represent a new Diplodia sp.
recently described as D. scrobiculata J. de Wet, B. Slippers & M. J. Wingtield (De
Wet ef al. 2003).

All of the abovementioned fungi, broadly treated as D. pinea are known to be
pathogenic to a wide range of Pinus spp. (Wang et al. 1985, Palmer et al. 1987, De
Wet et al. 2002). The C morphotype of D. pinea 1s more pathogenic than the A
morphotype or D. scrobiculata ng: Wet et al. 2002). The A morphotype is known to
occur on a wide range of conifefs world-wide (Morelet & Chandelier 1993, Smith &
Stanosz 1995, Hausner ef al. 1999, De Wet ef al. 2000). D. scrobiculata is best
known from the North Central United States and is only mildly pathogenic (Wang et
al, 1985, Smith & Stanosz 1995, Stanosz, Swart & Smith 1999, De Wet et al. 2000,
Burgess et a/. 2001). The C morphotype has been reported only from Indonesia (De
Wet et al. 2002).

Very little information is available regarding diseases affecting P. patula in Ethiopia.
In a recent survey, Alemu er al. (2002), identified a fungus similar to Armillaria
Jfuscipes Petch as a cause of mortality in certain plantation of Pinus patula in Western
and South Western Ethiopia. Alemu et al. (2003), also reported the presence of D.
pinea in cones of P. patula in Ethiopia, but these authors did not identify the
morphotype of the Diplodia isolates. The aim of this study was to identify and
characterise these isolates. This was based both on morphological characteristics and
DNA based techniques. Pathogenicity of the isolates was also considered in

greenhouse trials.
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MATERIALS AND METHODS

Fungal isolations and morphological characterisation

During a disease survey conducted in 2000, cones were randomly collected from the
forest floor in a P. patula plantation at Munessa Shashemene and isolations were
made from them. The cones were opened and ~3 mm sections were taken from the
pith of the cones. These were surface-sterilised with ethanol (100%), washed with
sterile water, plated onto 2% MEA (20 g Biolab Malt Extract, 15 g Biolab Agar) and
incubated at 25 °C. Isolates with dark grey mycelium, typical of D. pinea were
selected and transferred to MEA in Petri dishes. Pure cultures were deposited in the
culture collection (CMW) of the Forestry and Agricultural Biotechnology Institute,

University of Pretoria.

Isolates were transferred to water agar (WA) (15 g Biolab Agar, 1L H,O) with
sterilised pine needles laid on the surface and incubated for three weeks to promote
production of fruiting structures. Single conidial isolates were made from the
resultant fruiting structures. This was achieved by spreading spore masses on MEA in
a drop of sterile water and incubating plates for 24 hr at 25 °C. After 24 hr, single

germinating spores were picked and transferred to MEA and incubated at 25 °C.

Conidia were mounted in lactophenol and examined using a Zeiss Axioskop light
microscope. Ten spores were selected randomly from each isolate and the lengths and

widths of the conidia were measured (Table 1).

DNA extraction

Total genomic DNA was extracted from isolates selected to represent the different
morphological groups (Table 2). Mycelium for DNA extraction was obtained by
scraping the surface of the agar plates with a sterile scalpel and placing mycelial mats
into 1.5 ul Eppendorf tubes. The mycelium was freeze dried and ground to a fine
powder in liquid nitrogen using a pestle and mortar. The method of Raeder and

Broda (1985) was used to extract DNA from the mycelium.
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The DNA pellets were vacuum dried to remove excess ethanol and re-suspended in 50
ul sterilised water. RNase A (Img/ml) (Roche Diagnostics, South Africa) was added
to the DNA solution to remove the contaminating RNA and incubated at 37 °C in a
water bath over night. The concentration of the DNA in the samples was detected by
comparison with a standard on a 1% agarose gel, stained with ethidium bromide and

visualised under UV light.

PCR amplification

The internal transcribed spacer (ITS) regions of the ribosomal RNA operon and the
5.8S gene were amplified using the polymerase chain reaction (PCR). PCR was
conducted using primers ITS 1 (5° TCC GTA GGT GAA CCT GCG G “3) and ITS 4
(5 TCC TCC GCT TAT TGA TAT GC ’3) (White ef al. 1990). The PCR reaction
mixture contained DNA polymerase (7ag, 2.5U/ul, Roche), 2.5 mM dNTP’s, 10x
PCR Butfer (10 mM Tris-HCI, HCI, 1.5 mM MgCl,, 50 mM KCl), 0.15 mM of each
primer, 1 ul of DNA and 37 ul sterilised water to make up a final volume of 50 pl.
Denaturation was performed at 96 °C for 1 min. This was followed by 35 cycles of
primer annealing at 55 °C for 30 s, chain elongation at 72 °C for 1 min and
denaturation at 92 °C for 1 min. Final chain elongation was carried out at 72 °C for 5

min.

The B-tubulin gene was partially amplified using the forward primer Bt2a (5 GGT
AAC CAA ATC GGT GCT GCT TTC 37) and the reverse primer Bt2b (5 ACC CTC
AGT GTA G TG ACC CTT GGC 3°) (Glass & Donaldson 1995). The PCR reaction
mix included DNA polymerase (7ag, 2.5U/ul), 2.5 mM dNTP’s, 10x Buffer, 25 mM
MgCl; supplied by the manufacturer, 0.15 mM of each primer, 1 ul of DNA and 37 ul
sterilized water. PCR reaction conditions involved an initial denaturation at 94 °C for
1 min, which was followed by 40 cycles at 94 °C for 1 min, primer annealing at 51 °C
for 30 s, chain elongation at 72 °C for 1 min and an additional chain elongation step at

72 °C for an additional minute.
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Morphotype determination

Three sets of unlabelled Simple Sequence Repeat (SSR) markers (Burgers et al. 2001)
were used in PCR reactions to determine the morphotype of the D. pirea isolates.
The sets of the SSR primers used included SS7 (forward primer TB23 5 GAC AGA
CAT CTA GGC CCT GC 3’ and reverse primer TB24 5 GAT CAG TCG GTC GAG
ACG AG 37), SS9 (forward primer TB37 5° CAG CGG TTT CAT TGA AAT GCC
37} and reverse primer TB38 5 GAC TTG TCT CCT ACC GAT TCC 3°) as well as
SS10 (forward primer TB41 5° GCC AAC CCT AAT GCT TCC ATG 3’ and reverse
primer TB42 5” CAG CGG CGA TTG CGG TAT GG 3’) (Burgess ef al. 2001).
The PCR reactions and conditions used were similar to those described by Burgess et
al. (2001). All PCR products were detected on 1% agarose gels stained with ethidium

bromide and visualised under UV illumination.
DNA sequencing

All PCR products were purified using the High Pure PCR Product Purification Kit
(QUIAGEN, GmbH, Hilden, Germany). The PCR products were sequenced in both
directions using the Big Dye Cycle Sequencing kit with Amplitag® DNA
Polymerase, FS (Perkin-Elmer, Warrington, UK), according to the manufacturer’s
protocol, on an ABI PRISM™ 3100 DNA Autosequencer (Perkin-Elmer). Primers
ITS 1 and ITS 4 were used for sequencing the ITS regions whereas the B-tubulin
genes were sequenced using primers Bt2a and Bt2b.  For the morphotype

determination the SSR primers mentioned above were used.
Sequence analysis

The identity of the isolated fungi was determined by comparing the ITS rDNA
sequences of the FEthiopian isolates against sequences obtained from GenBank
{National Centre for Biotechnology Information (NCBI), US National Institute of
Health Bethesda (http:/www.ncbi.nlm.gov/BLAST)]. Thereafter, the ITS rDNA and

B-tubulin gene sequences of the isolates were combined and aligned manually using
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After six weeks, lesion lengths were measured to evaluate disease development on
inoculated plants. One-way analysis of variance (ANOVA) using Statistica for
Windows (StatSoft. Inc. 1995) was camried out to evaluate statistical differences
between treatments. Mean variation was compared using Dunnett’s T -test available

in Statsitica for Windows (StatSoft. Inc. 1995).

RESULTS

Fungal isolations and morphological characterisation

Several dark coloured isolates were obtained from the pine cones collected from P.
patula plantations at Munessa Shashemene. Cultures showed grey to black mycelial
growth on MEA. These cultures also had a fluffy mycelial growth covering the whole
surface of the Petri dish. No distinct variation was detected in mycelial growth of the
isolated fungi. In total, twenty isolates, each from a different cone were retained for

further study.

Of the 20 isolates inoculated onto water agar, only 15 produced fruiting structures on
the pine needles and conidial morphology was determined for these. Evaluation of
conidial morphology showed that two different fungi were present. One group had
conidia similar to those of Fusicoccum spp. (Figure la) and the other group had
conidia similar to those of D. pinea (Figure 1b). The walls of the conidia in the latter
group were smooth and the conidia were aseptate. The lengths of the conidia that
resembled D. pinea varied between 34 yum and 35 pm (Table 1). Their widths ranged
from 16 um to 17 um. The length of the conidia that resembled Fusicoccum spp.
ranged from 17 pm to 19 um and their average widths ranged from 5.2 pm to 5.7 um
(Table 1). No sexual structures were found. Four of the 15 isolates examined had
conidia similar to D. pinea whereas 11 of the isolates had conidia similar to

Fusicoccum sp.

PCR amplification and DNA sequence comparisons

A fragment size of approximately 500 base pairs (bp) was obtained when the ITS

tDNA of D. pinea and the Fusicoccum isolates were amplified with primers ITS1 and
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Pathogenicity trials

All isolates tested in the two inoculation studies produced lesions on the two-year-old
P. taeda seedlings (Figure 3). The mean lesion lengths produced by these isolates in
the first inoculation trial was in a range of 30 mm to 56.8mm (Table 3) and in the
second inoculation trial the lesion lengths produced were between 29.75 mm and
95.93 mm (Table 4). The Diplodia isolates produced the largest lesions compared to
the Fusicoccum isolates. Both these fungi developed lesions that were significantly
different (P>0.0001) compared to the lesions of the controls (Table 3, Figure 5).
Analysis of variance showed statistically significant differences, in pathogenicity for
the D. pinea and Fusicoccum sp., D. pinea isolates were more pathogenic than the

Fusicoccum sp.

DISCUSSION

Pinus patula is the only Pinus sp. currently planted in Ethiopia and is of great
importance to the country. During a survey conducted in P. patula plantations in
Ethiopia, D. pinea was isolated from pine cones (Alemu et al. 2003). The results of
the present study showed that two fungal species are associated with P. patula cones
in Ethiopia. Based on morphological characteristics and sequence analysis, they were
identified as a Fusicoccum sp. and D. pinea. This is the first report defining the
morphotype of D. pinea and the presence of a Botrvosphaeria sp. from Pinus spp. in
Ethiopia. Our results, although preliminary, suggests that in contrast to other
countries, the Botryosphaeria sp. is more commonly associated with P. patula cones

than D. pinea.

Results of DNA based comparisons confirmed identifications based on morphology.
Use of sequence analysis of the ITS and B-tubulin sequence, however, could not assist
in determining the morphotype of D. pinea in Ethiopia. Further sequence analysis
using SSR markers, however, showed that the D. pineg obtained from cones of P.
patula from plantations at Munessa Shashemene in Ethiopia, belong to the A

morphotype. De Wet er al. (2003) used SSR sequences to determine the relationships
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Figure 6. Alignment of combined sequences of The ITS rDNA and (-tubulin genes of Fusicoccum sp.
= gaps, (.)= Homologous nucleotides, (N)= Unknown bases.

and D. pinea.
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