B

UNIVERSITEIT VAN PRETORIA
. UNIVERSITY OF PRETORIA
Que® VYUNIBESITHI YA PRETORIA

Ceratocystis species in southern and eastern Africa

with particular reference to Ceratocystis albifundus
by

Ronald Natale Heath

(B-tech Degree Forestry, MSc Plant Pathology and Microbiology)

Submitted in partial fulfillment of the requirements for the degree
Philosophiae Doctor

in the Faculty of Natural and Agricultural Sciences, Department
of Genetics and the Forestry and Agricultural Biotechnology

Institute at the University of Pretoria, Pretoria, South Africa

March 2009

Supervisor: Prof. Jolanda Roux
Co-supervisors:  Prof. Michael J. Wingfield
Prof. Brenda D. Wingfield

© University of Pretoria



UNIVERSITEIT VAN PRETORIA
UNIVERSITY OF PRETORIA
Qe YUNIBESITHI YA PRETORIA

DECLERATION

I, the undersigned, hereby declare that the thesis submitted herewith for the degree
Philosophiae Doctor to the University of Pretoria, contains my own independent work

and has hitherto not been submitted for any degree at any other University

Y il

Ronald Natale Heath

March 2009

i



UNIVERSITY OF PRETORIA
YUNIBESITHI YA PRETORIA

e
&

“ UNIVERSITEIT VAN PRETORIA

et

TABLE OF CONTENTS
ACKNOWLEDGEMENTS 1
PREFACE 4
Chapter 1 6

BIOLOGY AND ECOLOGY OF CERATOCYSTIS SPECIES WITH AN EMPHASIS ON

THEIR INSECT ASSOCIATIONS

1.1. INTRODUCTION 7
1.2. TAXONOMIC HISTORY OF THE GENUS CERATOCYSTIS 9
1.3. IMPORTANCE OF CERATOCYSTIS SPP. 12

1.3.1. Ceratocystis spp. infecting agricultural crops
1.3.2. Ceratocystis spp. infecting fruit-tree crops
1.3.3. Ceratocystis spp. as pathogens of forest and plantation trees

1.3.4. Staining and/or saprophytic Ceratocystis spp. on forest trees
1.4. WOUNDS AS INFECTION SIGHTS FOR CERATOCYSTIS SPP. 21
1.5. INSECT ASSOCIATIONS WITH CERATOCYSTIS SPP. 24
1.5.1. Interdependence of insects and their associated Ceratocystis spp.
1.5.2. Adaptations of Ceratocystis spp. for the purpose of insect dispersal
1.5.3 Categories of insects associated with Ceratocystis spp.
1.5.3.1 Bark Beetles
1.5.3.2. Nitidulid beetles
1.5.3.3. Generalist organisms
1.5.4. Association levels between insects and Ceratocystis spp.
1.6. CONCLUSIONS 33

REFERENCES 35

Chapter 2 65

iii



UNIVERSITY OF PRETORIA

s
=

“ UNIVERSITEIT VAN PRETORIA
& YUNIBESITHI YA PRETORIA

CERATOCYSTIS SPECIES ON ACACIA MEARNSII AND EUCALYPTUS SPP. IN
EASTERN AND SOUTHERN AFRICA INCLUDING SIX NEW SPECIES
ABSTRACT
2.1. INTRODUCTION
2.2. MATERIALS AND METHODS

2.2.1. Collection of isolates

2.2.2. Morphology and growth in culture
2.2.3. DNA isolation, PCR reactions and phylogenetic analyses
2.2.4. Pathogenicity tests
2.3. RESULTS
2.3.1. Collection of isolates
2.3.2. Morphology and growth in culture
2.3.3. Phylogenetic analyses

Taxonomy

2.3.4. Pathogenicity tests
2.4. DISCUSSION

REFERENCES

Chapter 3

POPULATION ANALYSES OF CERATOCYSTIS ALBIFUNDUS IN SOUTHERN AND
EASTERN AFRICA SUGGEST A PROGRESSIVELY SOUTHERLY HOST

COLONISATION ROUTE
ABSTRACT
3.1. INTRODUCTION

3.2. MATERIALS AND METHODS

66

67

68

73

78

87

92

124

125

126

127

v



e
=

" UNIVERSITEIT VAN PRETORIA
’ UNIVERSITY OF PRETORIA
\ 4

YUNIBESITHI YA PRETORIA

3.2.1. Isolates
3.2.2. DNA extraction, PCR amplification and allele size determination
3.2.3. Genotypic diversity

3.3. RESULTS
3.3.1. Isolates

3.3.2. Allele size determination
3.3.3. Genotypic diversity

3.4. DISCUSSION

REFERENCES

Chapter 4

INSECT ASSOCIATES OF CERATOCYSTIS ALBIFUNDUS AND PATTERNS OF

ASSOCIATION IN A NATIVE SAVANNA ECOSYSTEM IN SOUTH AFRICA
ABSTRACT
4.1. INTRODUCTION

4.2. MATERIALS AND METHODS
4.2.1. Study areas
4.2.2. Traps and bait
4.2.3. Collection of insects from the “Native” study area
4.2.4. Collecting of insects from “Non-native” study area
4.2.5. Presence of fungal propagules on insect bodies
4.2.6. Isolation of fungi
4.2.7. Identification of isolates
4.2.8. Statistical analyses of data

4.3. RESULTS
4.3.1. Collection of insects from the “Native” study area
4.3.2. Collection of insects from “Non-native” study area
4.3.3. Presence of fungal propagules on insect bodies

4.3 4. Identification of isolates

130

131
135

141

142

143

145

151



e
=

" UNIVERSITEIT VAN PRETORIA
’ UNIVERSITY OF PRETORIA
Que® VYUNIBESITHI YA PRETORIA

4.3.5. Association of fungi with insects
4.3.6. Statistical analyses of data
4.4. DISCUSSION

REFERENCES

Chapter 5

FACTORS INFLUENCING INFECTION OF ACACIA MEARNSII BY THE WILT

PATHOGEN CERATOCYSTIS ALBIFUNDUS IN SOUTH AFRICA
ABSTRACT

5.1. INTRODUCTION

5.2. MATERIALS AND METHODS
5.2.1. Preparation of inoculum
5.2.2. Wounding and inoculation of trees
5.2.3. Assessment of infection
5.2.4. Statistical analyses
5.3. RESULTS
5.3.1. Assessment of infection
5.3.2.1. Time after wounding
5.3.2.2. Pre-inoculation with O. quercus
5.3.2.3. Influence of stem diameter on infection
5.4. DISCUSSION

REFERENCES

SUMMARY

157
163

176

177

178

180

182

183
187

200

vi



e
=

“ UNIVERSITEIT VAN PRETORIA
’ UNIVERSITY OF PRETORIA
Que® VYUNIBESITHI YA PRETORIA

ACKNOWLEDGEMENTS

I would like to express my sincere appreciation to the following people and

institutions who have assisted me in preparing this thesis:

My study leaders, Prof. Jolanda Roux, Prof. Brenda Wingfield and Prof. Mike
Wingfield for the critical review of this thesis, their valuable advice and support and
for funding during my studies. Without their support this thesis would not have been

possible.

Mr. Chris Bekker and Mr. Aza Mbaga of the Tanganyika Wattle Company, Tanzania,
Mr. Gereld Meke and Mr. William Sagona of the Malawian Forestry Research
Institute, Dr. Pia Barklund of The International Centre for Research in Agroforestry
and Mr. Linus Mwangi of the Forestry Research Institute, Kenya for logistical

assistance and support during sampling trips.

The Gauteng Directorate of Agriculture, Conservation and Environment (GDACE)
for permission to collect material at Leeuwfontein Collaborative Nature Reserve,
particularly Mr. Leon Labuschagne, the Officer in Charge of the Reserve. Their

collaboration made Chapters 3 and 4 possible at a location close to FABL

The South African National Parks (SANPARKS) and their staff, in particular Ms.
Thembi Khoza for permission to sample and Mr. Velly Ndlovu, Mr. Moses Mathe,

Mr. Steven Khosa and Mr. Obert Mathebula for assistance during sampling.

Mr. J. Hood and Ms. A. Brevis (private land owners) of Renoster Fontein for

providing the study area for the wounding trial conducted in Chapter 5.

Dr. A. R. Cline from the Plant Pest Diagnostics Centre, California Department of

Food & Agriculture, for the identification of the insect specimens.

Mr. James Harrison from the Transvaal Museum, Pretoria, South Africa, for his

guidance in insect identification.



UNIVERSITY OF PRETORIA
YUNIBESITHI YA PRETORIA

%,
UNIVERSITEIT VAN PRETORIA
<
The Department Range and Forage, Agricultural Research Council (ARC)

Roodeplaat, for supplying climate data which was incorporated into Chapter 4.

Dr. Allan Wood from the University of Pretoria for his assistance in the Scanning

Electron Microscopy included in Chapter 4.

Mr. Albé van der Merwe and Miss Marelize van Wyk for their assistance and

guidance with the population genetic studies conducted for this thesis.

Dr. Bernard Slippers, Dr. Martin Coetzee, Mr. Albé van der Merwe, Miss Marelize

van Wyk for their advice and assistance throughout my studies.

Prof Jolanda Roux, Dr. Lawrie Wright, Mrs. Almuth Hammerbacher, Mr. Gavin
Hunter, Mr. Leon Labuschagne, Mr. Francois van der Walt and Miss Marelize van

Wyk for assistance with field work.

Prof. Goeneveld and Dr. Van der Linde from the Department of Statistics, University

of Pretoria for statistical analyses and assistance.

The Tree Protection Co-operative Programme (TPCP), the Forestry and Agricultural
Biotechnology Institute (FABI) and the University of Pretoria for providing facilities

and financial support.

The National Research Foundation (NRF), South Africa and the DST/NRF Centre of
Excellence in Tree Health Biotechnology (CTHB) for providing financial support.

Mondi Business Paper (Vlakkloof plantations) for providing study areas for the insect

collections conducted in Chapter 4.



.
UNIVERSITEIT VAN PRETORIA
UNIVERSITY OF PRETORIA

Qe YUNIBESITHI YA PRETORIA

Mrs. Sonia du Buisson, for her motivation, guidens, support and instilling self

confidence in me during my time as a young student.

My family for their love, support, guidance and giving me courage, especially during

the difficult times.

My dear friends Miss Marelize van Wyk, Miss Kershney Naidoo and Miss Marcele

Vermeulen for their friendship and personal support.

Our Creator, God Almighty



e
&

“ UNIVERSITEIT VAN PRETORIA

et

UNIVERSITY OF PRETORIA
YUNIBESITHI YA PRETORIA

PREFACE

The genus Ceratocystis includes numerous plant pathogens, including devastating
pathogens of hardwood tree species and wood staining agents. The pathogenic
species are known to cause cankers, wilting and mortality of their hosts. The species
causing vascular staining do not affect the host or wood structure, but reduces the
value of the products produced. It is well documented that fungi in this genus require
wounds for infection and are disseminated to these wounds by insects. Both the role
that wounds as well as insects play in the biology and ecology of these fungi have
been studied to some extent, however, no studies of this nature have been performed

on these fungi in Africa.

Understanding the difficulties and short-comings in the taxonomy of the genus
Ceratocystis is important for the accurate identification of previously undescribed
species. Chapter one of this dissertation reviews the past problems experienced with
the taxonomy of the genus Ceratocystis. This chapter further reviews the biology and
ecology of the genus in general and focuses on the impact specific species within the
genus has on the hosts they infect. An emphasis of this chapter is the association of
species within the genus with insects. This section of the chapter reviews various
groups of insects associated with Ceratocystis spp., adaptations of the fungi for the
purpose of dispersal and the levels of dependence between the fungi and their insect

associates.

Research relating to fungal pathogens of forestry crops in Africa has been neglected
in the past. Chapter two of this thesis investigates the diversity of Ceratocystis spp.
infecting wounds of hardwood species used in commercial forestry in Southern and
Eastern African countries including South Africa, Tanzania, Kenya and Malawi. This
chapter reports two known Ceratocystis spp., five previously undescribed
Ceratocystis spp. and one undescribed Thielaviopsis sp. and investigates the

pathogenicity of these fungi on their respective hosts.



e
&

“ UNIVERSITEIT VAN PRETORIA

et

UNIVERSITY OF PRETORIA
YUNIBESITHI YA PRETORIA

Ceratocystis albifundus, the causal agent of wilt and canker of non-native Acacia
mearnsii, has been reported to be one of the most serious pathogens of this tree in
Africa. It has been hypothesised to be native to the African continent. This is based
on the high genetic diversity of this fungus on non-native A. mearnsii in South Africa
and Uganda and the fact that C. albifundus has only been reported from the African
continent. This fungus also occurs on a number of native African tree species and
does not seem to lead to disease on these hosts. Chapter three of this thesis
investigates the population structure of this fungus from native as well as non-native
hosts using microsatellite markers. It is the most extensive population study of this
pathogen to date and provides interesting information on the possible origin of the

fungus in Africa.

It has been well documented that Ceratocystis spp. are associated with insects such as
nitidulid beetles and flies. However, no studies have been performed on the possible
insects associated with Ceratocystis spp. in Africa. Knowledge of the insects and
their biology could contribute to the formulation of management strategies to reduce
the impact of disease in plantations. Chapter four of this dissertation reports on the
identity of nitidulid beetles associated with C. albifundus in both a native ecosystem
and non-native A. mearnsii plantation. This study also provides information
regarding the effect climate has on the number of insects as well as the fluctuation of

the number of fungal isolates obtained.

As Ceratocystis spp. require wounds for infection, numerous studies have been
performed on factors relating to wounds that affect the infection success of
Ceratocystis spp. However, most of these studies have been performed in the
Northern Hemisphere. To date, no information is available regarding the influence of
wound age and size on the infection success of C. albifundus. Chapter five
investigates these factors on the infection success of C. albifundus on A. mearnsii in
the Gauteng Province of South Africa. We also investigated the possible decrease of
infection success of C. albifundus due to pre-inoculation of the wounds by the

saprophytic fungus Ophiostoma quercus under field conditions.

Studies in this dissertation show the need to increase our knowledge pertaining to the

fungal biodiversity within non-native forestry plantations as well as the native flora of
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Africa. It indicates the importance of understanding the biology and ecology of these
fungi and the need for research in this respect. It finally highlights the importance of

understanding the interaction of native fungi on non-native flora and visa versa.
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