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Summary

Chrysoporthe austroafricana is one of the most damaging pathogens of Eucalyptus trees in southern Africa. It also occurs on non-native
Tibouchina granulosa trees and native Syzygium species. Additional isolates of the pathogen from previously unstudied countries in the
region have become available from survey studies. The aim of this study was to use VCGs to consider the diversity in populations of iso-
lates collected in various countries in southern Africa (Malawi, Mozambique, Namibia, South Africa and Zambia) and from different hosts.
We also wanted to determine whether there are shared VCGs among these countries and hosts in southern Africa and establish a VCG
tester strain database. Results showed a high diversity amongst isolates from different countries and hosts, but suggested little move-
ment of VCGs among countries or hosts based on the available isolates. A total of 108 VCG tester strains were identified for southern
Africa.

1 Introduction

Chrysoporthe austroafricana Gryzenh. & M.J. Wingf. is a well-known fungal pathogen of plantation-grown Eucalyptus species
in southern and eastern Africa (Wingfield et al. 1989; Conradie et al. 1990; Gryzenhout et al. 2004; Roux et al. 2005;
Nakabonge et al. 2006). It was first reported as Cryphonectria cubensis (Bruner) Gryzenh. & M.J. Wingf. in 1989 (Wingfield
et al. 1989), causing disease and death of Eucalyptus trees in plantations in South Africa. Chrysoporthe austroafricana has
subsequently been reported from Malawi, Mozambique, Zambia (Nakabonge et al. 2006) and Namibia (Vermeulen et al.
2011), infecting non-native Eucalyptus species (Roux et al. 2005; Nakabonge et al. 2006), native Syzygium cordatum Hachst.,
Syzygium guineense (CD.) (Heath et al. 2006; Nakabonge et al. 2006; Vermeulen et al. 2011) and non-native Tibouchina
granulosa Cogn.: Britton (Myburg et al. 2002).
Infection of Eucalyptus species with Chr. austroafricana is associated with cankers that girdle the trees resulting in crack-

ing, swelling and shedding of the bark. In younger trees, it results in stem girdling, wilting and rapid tree death (Wingfield
et al. 1989, Conradie et al. 1990). Infections of Syzygium species and Tibouchina species with Chr. austroafricana can be
very difficult to detect and are in some cases only visible on a single branch or around wounds, characterized by dying
branches and in some cases stem cankers, especially on Tibouchina species (Myburg et al. 2002; Heath et al. 2006;
Nakabonge et al. 2006). Both perithecia and pycnidia of Chr. austroafricana are often visible on the dead, cracked bark of
cankers, sometimes resulting in a yellow discolouration of the bark (Nakabonge et al. 2006).
There is substantial evidence to suggest that Chr. austroafricana is native to Africa. This is based on its widespread pres-

ence on native S. cordatum and S. guineense in southern African countries (Heath et al. 2006; Nakabonge et al. 2006; Ver-
meulen et al. 2011), and pathogenicity trials showing that native S. cordatum is more tolerant to infection by this pathogen
than non-native Eucalyptus clones (Heath et al. 2006). Symptoms on native S. cordatum, and particularly S. guineense, are
also less severe than those observed on Eucalyptus species, and death of these native trees due to infection by Chr. austr-
oafricana has not been observed (Heath et al. 2006; Nakabonge et al. 2006; Vermeulen et al. 2011). Despite extensive col-
lections from other eucalypt growing regions of the world, Chr. austroafricana has not been detected elsewhere. Van
Heerden and Wingfield (2001) suggested that Chr. austroafricana was introduced into South Africa based on the low diver-
sity observed with vegetative compatibility groups (VCG’s) for a population from non-native Eucalyptus spp. in South Africa,
and the misconception, at that time, that Chr. austroafricana was synonymous to Chr. cubensis (Van Heerden and Wingfield
2001). Using microsatellite markers, Heath (2005), later showed that Chr. austroafricana has a high level of genetic diver-
sity in South Africa, as would be expected of a native pathogen (Tsutsui et al. 2000; Liu and Milgroom 2007, Stukenbrock
and McDonald 2008; Linde et al. 2009).
No information is available on the movement of Chr. austroafricana among countries in southern Africa. Chrysoporthe

austroafricana is able to cross-infect non-native Eucalyptus species and T. granulosa, presumably from native Myrtales
(Heath et al. 2006) illustrating a host shift (Slippers et al. 2005). For instance, Heath (2005) showed that there are
shared VCGs between populations from Syzygium and Eucalyptus species (5 VCGs) and populations from Syzygium spe-
cies and T. granulosa (1 VCG) in South Africa. This information is not available for VCGs shared among different coun-
tries or among hosts within other countries in southern Africa. It is also unknown whether the VCGs previously
characterized in South Africa occur elsewhere. The aim of this study was to determine the diversity of populations of
Chr. austroafricana from Malawi, Mozambique, Namibia and Zambia based on VCG diversity. Furthermore, we wanted to
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determine whether there are shared VCGs among the different countries and hosts in southern Africa and establish a
VCG tester strain database.

2 Materials and methods

2.1 Fungal isolates

Chrysoporthe austroafricana isolates were collected from S. guineense trees in Namibia and deposited in the culture col-
lection (CMW) of the Forestry and Agricultural Biotechnology Institute (FABI), University of Pretoria, South Africa
(Table 1). These isolates were collected from three localities in the Caprivi region of the country in 2007 and 2008.
Samples of bark from the roots, stems and branches of trees growing along the banks of the Zambezi and Kavango
rivers were collected as described in Vermeulen et al. (2011) and isolations were made according to Gryzenhout et al.
(2009).
Additional isolates from Malawi, Mozambique and Zambia (Nakabonge et al. 2006) and those representing previously

identified Chr. austroafricana VCGs from Eucalyptus, Syzygium and Tibouchina species in South Africa (Van Heerden and
Wingfield 2001; Heath 2005) were obtained from the CMW culture collection (Table 1). The identities of the newly col-
lected isolates from Namibia were confirmed as Chr. austroafricana using a PCR-RFLP (restriction fragment length polymor-
phisms) fingerprinting technique developed by Van der Merwe et al. (2010). This was performed to ensure that only
Chr. austroafricana isolates were included in this study, as Chr. cubensis and Chr. deuterocubensis, that are morphologically
similar to Chr. austroafricana, are also known from Africa and co-occur with Chr. austroafricana in some countries
(Nakabonge et al. 2006; Vermeulen et al. 2011).

2.2 Vegetative compatibility studies

Previous studies have shown that only one VCG occurs per tree (Van Heerden et al. 1997, Van Heerden and Wingfield
2001). VCGs were, therefore, determined for one isolate per tree from Malawi, Mozambique, Namibia and Zambia. To deter-
mine VCGs, mycelial plugs were transferred from the edges of actively growing cultures onto oatmeal agar (30 g rolled
oats, 20 g agar and 1 L dH2O). Two isolates were placed 2 cm apart on 6.5 cm diameter Petri dishes. A single isolate from
each tree was tested against all other isolates in all possible combinations. Plates were sealed with Parafilm and incubated
at 25°C in the dark for 2 weeks. VCGs were then identified based on the ability of different isolates to merge and form con-
fluent mycelium or to form a barrage reaction along the line of contact (Anagnostakis 1977). Reactions were assessed after
2 weeks, and reactions were scored as vegetatively compatible or vegetatively incompatible. Where a barrage formed
between two isolates at the line of contact, it was scored as incompatible and where two isolates merged to form confluent
mycelium it was scored as compatible. Representative VCGs from Malawi, Mozambique, Namibia and South Africa (Heath
2005; Van Heerden and Wingfield 2001) were then compared with each other as described above to determine whether
there were shared VCGs in the different countries of southern Africa. All VCG tests were repeated once to confirm the
results.

2.4 Statistical analyses of VCG data

Genotypic diversity (G) was determined for larger populations from Mozambique and Namibia as proposed by Stoddart
and Taylor 1988. To compare VCG diversity levels between populations from different areas, the genotypic diversity (G)
was divided by the sample size (N) to obtain maximum percentage of genotypic diversity (Ĝ) (Stoddart and Taylor 1988;
McDonald et al. 1994). A second parameter used was the Shannon Index (SI) (Bowman et al. 1971; Groth and Roelfs 1989)
that takes into account the frequency and evenness of the distribution of a particular phenotype. SI was converted into
normalized Shannon diversity index (Hs). Hs was used to compare populations of different sizes and as an indication of
phenotypic diversity based on VCGs (Sheldon 1969).

3 Results

3.1 Fungal isolates

Twenty-seven isolates resembling Chrysoporthe species, based on morphology, were obtained from S. guineense in the
Caprivi region of Namibia (Katima Mulilo, Island View and Popa Falls). One hundred and five additional isolates were
obtained from the CMW culture collection, including eight isolates from Eucalyptus species and one isolate from S. corda-
tum in Malawi, fourteen isolates from Eucalyptus species and twenty-three isolates from S. cordatum in Mozambique
and three isolates from Eucalyptus species in Zambia. The additional fifty-six isolates were from South Africa (Table 1),
representing isolates of VCGs previously identified by Heath (2005) from S. cordatum (26 isolates) and T. granulosa
(10 isolates), and Van Heerden and Wingfield (2001) from Eucalyptus species (20 isolates). All the isolates from Namibia
were positively identified as Chr. austroafricana, matching the PCR-RFLP banding patterns described by Van der Merwe et
al. (2010) for Chr. austroafricana (data not shown).
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Table 1. Origin, hosts and vegetative compatibility groups (VCG) of isolates of Chrysoporthe austroafricana used in this study.

Country Host
Isolate nr
CMW1

VCG CODE

Country
Testers

Southern Africa

Malawi Eucalyptus sp. 17105 ME1 ZA1
Malawi Eucalyptus sp. 17108 ME2 ZA2
Malawi Eucalyptus sp. 17109 ME3 ZA3
Malawi Eucalyptus sp. 17115 ME4 ZA4
Malawi Eucalyptus sp. 17118 ME5 ZA5
Malawi Eucalyptus sp. 17132 ME6 ZA6
Malawi Eucalyptus sp. 17133 ME7 ZA7
Malawi S. cordatum 17098 MS1 ZA8
Mozambique Eucalyptus sp. 13878 MOE1 ZA9
Mozambique Eucalyptus sp. 13881 MOE2 ZA10
Mozambique Eucalyptus sp. 13882 MOE3 ZA11
Mozambique Eucalyptus sp. 13886 MOE4 ZA12
Mozambique Eucalyptus sp. 13887 MOE2 ZA10/ZA66/ZA70
Mozambique Eucalyptus sp. 13888 MOE2 ZA10
Mozambique Eucalyptus sp. 13889 MOE2 ZA10
Mozambique Eucalyptus sp. 13916 MOE5 ZA13
Mozambique Eucalyptus sp. 13918 MOE6 ZA14
Mozambique Eucalyptus sp. 13930 MOE7 ZA15
Mozambique Eucalyptus sp. 13931 MOE7 ZA15
Mozambique Eucalyptus sp. 17084 MOE8 ZA16
Mozambique Eucalyptus sp. 17087 MOE9 ZA17
Mozambique Eucalyptus sp. 17094 MOE10 ZA18
Mozambique S. cordatum 13874 MOS1 ZA19
Mozambique S. cordatum 13875 MOS2 ZA20
Mozambique S. cordatum 13876 MOS3 ZA21
Mozambique S. cordatum 13877 MOS4 ZA22
Mozambique S. cordatum 13890 MOS5 ZA23
Mozambique S. cordatum 13891 MOS6 ZA24
Mozambique S. cordatum 13892 MOS7 ZA25
Mozambique S. cordatum 13893 MOS8 ZA26
Mozambique S. cordatum 13894 MOS9 ZA27
Mozambique S. cordatum 13895 MOS10 ZA28
Mozambique S. cordatum 13897 MOS11 ZA29
Mozambique S. cordatum 13900 MOS12 ZA30
Mozambique S. cordatum 13904 MOS13 ZA31
Mozambique S. cordatum 13907 MOS14 ZA32
Mozambique S. cordatum 13908 MOS15 ZA33
Mozambique S. cordatum 13909 MOS16 ZA34
Mozambique S. cordatum 13921 MOS17 ZA35
Mozambique S. cordatum 13922 MOS3 ZA22
Mozambique S. cordatum 13925 MOS18 ZA36
Mozambique S. cordatum 13926 MOS6 ZA24/ZA37
Mozambique S. cordatum 13927 MOS2 ZA20
Mozambique S. cordatum 13932 MOS19 ZA38
Mozambique S. cordatum 13935 MOS20 ZA39
Namibia S. guineense 23707 NS1 ZA40
Namibia S. guineense 24268 NS2 ZA41
Namibia S. guineense 24269 NS3 ZA42
Namibia S. guineense 24272 NS4 ZA43
Namibia S. guineense 24273 NS5 ZA44
Namibia S. guineense 24276 NS6 ZA45
Namibia S. guineense 24278 NS5 ZA44
Namibia S. guineense 24281 NS7 ZA46
Namibia S. guineense 24282 NS8 ZA47
Namibia S. guineense 24285 NS8 ZA47
Namibia S. guineense 24291 NS8 ZA47
Namibia S. guineense 28240 NS9 ZA48
Namibia S. guineense 28241 NS10 ZA49
Namibia S. guineense 28244 NS11 ZA50
Namibia S. guineense 28247 NS8 ZA47
Namibia S. guineense 28249 NS8 ZA47
Namibia S. guineense 28255 NS12 ZA51
Namibia S. guineense 28259 NS13 ZA52
Namibia S. guineense 28260 NS14 ZA53
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Table 1 Continued

Country Host
Isolate nr
CMW1

VCG CODE

Country
Testers

Southern Africa

Namibia S. guineense 28263 NS15 ZA54
Namibia S. guineense 28265 NS16 ZA55
Namibia S. guineense 28266 NS13 ZA52
Namibia S. guineense 28269 NS17 ZA56
Namibia S. guineense 28270 NS18 ZA57
Namibia S. guineense 28271 NS19 ZA58
Namibia S. guineense 28371 NS20 ZA59
Namibia S. guineense 32953 NS21 ZA12
South Africa E. grandis 113182 SA19 ZA60
South Africa E. grandis 113192 SA18 ZA61
South Africa E. grandis 113202 SA17 ZA62
South Africa E. grandis 113212 SA20 ZA63
South Africa E. grandis 113242 SA9 ZA64
South Africa E. grandis 113262 SA10 ZA65
South Africa E. grandis 113272 SA12 ZA66
South Africa E. grandis 113302 SA23 ZA67
South Africa E. grandis 113312 SA22 ZA68
South Africa E. grandis 113342 SA3 ZA69
South Africa E. grandis 113352 SA8 ZA70
South Africa E. grandis 113372 SA5 ZA71
South Africa E. grandis 113392 SA1 ZA72
South Africa E. grandis 113402 SA2 ZA73
South Africa E. grandis 113412 SA6 ZA74
South Africa E. grandis 113422 SA7 ZA75
South Africa E. grandis 113442 SA14 ZA76
South Africa E. grandis 113452 SA13 ZA77
South Africa E. grandis 113462 SA15 ZA78
South Africa E. grandis 113472 SA16 ZA79
South Africa Syzygium sp. 100363 SAS1 ZA80
South Africa Syzygium sp. 100383 SAS2 ZA81
South Africa Syzygium sp. 100393 SAS3 ZA82
South Africa Syzygium sp. 100403 SAS4 ZA83
South Africa Syzygium sp. 100473 SAS5 ZA84
South Africa Syzygium sp. 100503 SAS6 ZA85
South Africa Syzygium sp. 100513 SAS7 ZA86
South Africa Syzygium sp. 100523 SAS8 ZA87
South Africa Syzygium sp. 100533 SAS9 ZA88
South Africa Syzygium sp. 100593 SAS10 ZA89
South Africa Syzygium sp. 100603 SAS11 ZA90
South Africa Syzygium sp. 100613 SAS12 ZA91
South Africa Syzygium sp. 100623 SAS13 ZA92
South Africa Syzygium sp. 100633 SAS14 ZA33
South Africa Syzygium sp. 100643 SAS15 ZA93
South Africa Syzygium sp. 100663 SAS16 ZA94
South Africa Syzygium sp. 100673 SAS17 ZA74
South Africa Syzygium sp. 100713 SAS18 ZA95
South Africa Syzygium sp. 100723 SAS19 ZA96
South Africa Syzygium sp. 100753 SAS20 ZA97
South Africa Syzygium sp. 100803 SAS21 ZA98
South Africa Syzygium sp. 100813 SAS22 ZA99
South Africa Syzygium sp. 100823 SAS23 ZA100
South Africa Syzygium sp. 100863 SAS24 ZA101
South Africa Syzygium sp. 100873 SAS25 ZA102
South Africa Syzygium sp. 101933 SAS26 ZA62
South Africa T. granulosa 93273 SAT1 ZA72/ZA81
South Africa T. granulosa 93393 SAT2 ZA63
South Africa T. granulosa 93413 SAT3 ZA37/ZA39
South Africa T. granulosa 93453 SAT4 ZA103
South Africa T. granulosa 93483 SAT5 ZA104
South Africa T. granulosa 93493 SAT6 ZA105
South Africa T. granulosa 93503 SAT7 ZA60
South Africa T. granulosa 93593 SAT8 ZA91
South Africa T. granulosa 93643 SAT9 ZA106
South Africa T. granulosa 93703 SAT10 ZA107
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3.2 Vegetative compatibility studies

Chrysoporthe austroafricana isolates from Malawi (8 isolates/8 VCGs), Mozambique (37 isolates/30 VCGs), Namibia (27 iso-
lates/21 VCGs) and Zambia (3 isolates/2 VCGs) represented 61 VCGs (Tables 1 and 2). Very few VCGs were shared among
different hosts (Table 3) and countries (Table 4) in southern Africa. Several pairs of isolates that were incompatible with
each other (i.e. 2 different VCGs) had the ability to form a compatible reaction with a third isolate (Table 1). These isolates
could either belong to VCG clusters or are closely related VCGs similar to Cry. parasitica (Cortesi et al. 1996).

3.4 Statistical analyses of VCG data

A high diversity was observed for the Namibian (Ĝ = 53%, Hs = 20) and the Mozambican (Ĝ = 65%, Hs = 28) population.
For the population (Table 5) from Mozambique, the diversity was high for both the populations from Eucalyptus (Ĝ = 50%,
Hs = 9) and S. cordatum (Ĝ = 79%, Hs = 19). Limited numbers of isolates were available from Malawi and Zambia and no
meaningful statistical analyses could be conducted for these countries. All of the isolates from Malawi, however, repre-
sented unique VCGs, while the three isolates from Zambia represented two unique VCGs (Table 2).

4 Discussion

The high population diversity observed for Chr. austroafricana in southern Africa supports the view that it is native to
Africa (Heath et al. 2006). The genetic diversity of Mozambican and Namibian populations based on VCGs was higher than
that observed for the South African populations studied by Heath (2005) and Van Heerden and Wingfield (2001)(Table 5).
The high diversity observed in Mozambican and Namibian populations suggests that the centre of diversity of Chr. austro-
africana is most likely in a country other than South Africa. This is further supported by the high diversity for the Mozam-
bique population from both native S. cordatum and non-native Eucalyptus species. Although inadequate population samples
exist for Malawi and Zambia, the isolates obtained for this study all belonged to different VCGs. This is comparable with
the number of VCGs seen per population for the closely related fungus C. parasitica in its native range (China 64 isolates/
54 VCGs and Japan 79 isolates/71 VCGs) (Liu and Milgroom 2007).
Although the population sizes for Chr. austroafricana from the various countries of southern Africa were not all optimal,

the available evidence suggests little movement of Chr. austroafricana among countries in southern Africa. A very limited

Table 1 Continued

Country Host
Isolate nr
CMW1

VCG CODE

Country
Testers

Southern Africa

Zambia Eucalyptus sp. 13966 ZE1 ZA89
Zambia Eucalyptus sp. 13970 ZE2 ZA108
Zambia Eucalyptus sp. 13975 ZE3 ZA108

ME, Malawi Eucalyptus VCG; MS, Malawi Syzygium VCG; MOE, Mozambique Eucalyptus VCG; MOS, Mozambique Syzygium VCG; NS, Nami-
bia Syzygium VCG; SA, South African Eucalyptus VCG as designated by Van Heerden and Wingfield (2001); SAS, South Africa Syzygium
VCG Heath (2005) unpublished; SAT, South Africa Tibouchina VCG Heath (2005) unpublished; ZE, Zambia Eucalyptus VCG; ZA, southern
Africa VCG Testers.
1Culture collection of the Forestry and Agricultural Biotechnology Institute (FABI) University of Pretoria, South Africa.
2VCG identified by Van Heerden and Wingfield (2001). CMW used by Van Heerden and Wingfield (2001) has been redeposited under
the numbers used in this study.
3VCG identified by Heath (2005).

Table 2. Number of VCGs identified for Chrysoporthe austroafricana population in southern Africa.

Country Host No. of isolates No. of VCGs

Malawi Eucalyptus spp. 7 7
S. cordatum 1 1

Mozambique Eucalyptus spp. 14 10
S. cordatum 23 20

Namibia S. guineense 27 21
Zambia Eucalyptus spp. 3 2
South Africa Eucalyptus spp.1 100 23

S. guineense2 62 32
T. granulosa2 37 10

1Van Heerden and Wingfield (2001).
2Heath (2005).
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number of shared VCGs were observed among the different countries for which isolates were available. This suggests that
these populations have been present in these countries for a long period with little introduction of new genotypes from
the outside. The same is true for movement of genotypes among hosts of Chr. austroafricana in southern Africa. It is
believed that Chr. austroafricana underwent a host jump from native Myrtales (Syzygium species) to non-native Myrtales
(Eucalyptus species) (Heath et al. 2006; Slippers et al. 2005). The limited number of shared VCGs between native and
non-native hosts could be indicative that the host jump was not recent or that the founder population has not yet been
sampled. Most likely, however, a single VCG was responsible for the host jump.
Forestry in South Africa is based on a clonal programme where resistance was established to a single, highly virulent iso-

late of Chr. austroafricana (Van Heerden and Wingfield 2001). Currently, breeding programmes rely on natural infection of
clones in trials to obtain information on disease susceptibility of future planting material. It has been shown that different
VCGs can differ in their pathogenicity to hosts (Van Heerden and Wingfield 2001; Tsror Lahkim and Levin 2003; Elmer
et al. 1999). Although pathogenicity has not been linked to VCG types in this study, our results showed that a high diversity
of VCGs exists outside South Africa. It is thus possible that the high diversity of VCG types also indicate diverse levels of
pathogenicity and that introduction of such genotypes would pose a threat to the existing trees planted in South Africa.
Pathogen populations that are more diverse are able to better adapt to changes in host resistance than pathogen popula-

tions that are genetically uniform (McDonald et al. 1989; Delmotte et al. 1999; McDonald and McDermott 1993). This
implies that more diverse populations will be able to more quickly overcome the resistance of clones selected for their tol-
erance to specific pathogens. Eucalyptus plantations in southern Africa, and other areas of the world, depend on planting
disease tolerant hybrids and clones of species to reduce the impact of Chrysoporthe canker (Alfenas et al. 1983; Van der
Westhuizen et al. 1992; Van Heerden and Wingfield 2001; Wingfield and Roux 2002). It is thus important to understand
the diversity of Chr. austroafricana in southern Africa to insure continued control of this pathogen and to in future screen
susceptibility of Eucalyptus clones used in the forestry industry to different VCG’s.
The VCG tester strains developed in this study enable investigation of some level of population diversity. It also allows a

relatively cheap and easy system to obtain at least basic information on this pathogen without the use of expensive molecu-
lar tools such as microsatellite markers. A system of VCG tester strains have been developed for the related pathogen
C. parasitica that was introduced into North America and Europe from Japan and China (Cortesi et al. 1998; Robin et al.
2000). In these countries, the database is useful to trace the history and origin of introductions and movements among

Table 3. VCGs of Chrysoporthe austroafricana shared between hosts in southern Africa, including data from this study and those published
by Heath (2005) and Van Heerden and Wingfield (2001).

Host Tibouchina Eucalyptus spp. Syzygium spp.

Tibouchina 10 3 4
Eucalyptus spp. 39 4
Syzygium spp. 68

Table 4. VCGs of Chrysoporthe austroafricana shared between different countries in southern Africa.

Distribution Malawi Mozambique Namibia South Africa Zambia

Malawi 8 0 0 0 0
Mozambique 30 1 5 0
Namibia 21 1 0
South Africa 50 1
Zambia 2

Table 5. Diversity based on VCGs for populations from southern Africa.

Country Host No. of isolates

Diversity

Ĝ3 Hs4

Mozambique Eucalyptus spp. 14 50 9
S. cordatum 23 79 19

Namibia S. guineense 27 53 20
South Africa E. grandis1,2 100 0.095 55

Syzygium spp.2 62 26 36
T. granulosa2 37 22 24

1Van Heerden and Wingfield (2001).
2Heath (2005).
3Maximum% of genotypic diversity (Stoddart and Taylor 1988).
4Normalized Shannon diversity index (Sheldon 1969).
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areas. They also provide information on the reproduction of C. parasitica in these areas, and to evaluate the possible suc-
cess of biological control programmes using hypovirulence, which is highly dependent on the clonality of the pathogen pop-
ulation (Gurer et al. 2001; Milgroom and Cortesi 1999; Milgroom et al. 2008; Adamcikova et al. 2009; Jankovsky et al.
2010). The situation for Chr. austroafricana is, however, different because this is a native pathogen of which the representa-
tive population diversity has not yet been fully sampled, and new VCGs are continuously produced. In this regard, develop-
ing a VCG tester database with the same functionality as that available for C. parasitica is challenging.

Acknowledgements

We thank the University of Pretoria (UP), National Research Foundation (NRF), Forestry and Agricultural Biotechnology Institute (FABI)
and Tree Protection Cooperative Programme (TPCP) for funding. We acknowledge Drs. Albe Van der Merwe, Grace Nakabonge, Ronald
Heath, as well as Maria Bosua and Willem Adriaan Theron for technical assistance.

References

Adamcikova, K.; Kobza, G.; Juhasova, G., 2009: The development of population structure of Cryphonectria parasitica on European chestnut
(Castanea sativa Mill.) in the experimental Castanetarium Horne’ Lefantovce, observed over a 12 year period. Hort. Sci. (Prague) 2, 55–
60.

Alfenas, A. C.; Jeng, R.; Hubbes, M., 1983: Virulence of Cryphonectria cubensis on Eucalyptus species differing in resistance. Eur. J. Forest
Pathol. 62, 197–205.

Anagnostakis, S. L., 1977: Vegetative incompatibility in Endothia parasitica. Exp. Mycol. 71, 213–215.
Bowman, K. O.; Hutchenson, K.; Odum, E. P.; Shenton, L. R., 1971: Comments on the distribution of indices of diversity. In: Statistical Ecol-

ogy. Ed. by Patil, G. P.; Pielou, E. C.; Waters, W. E. London: Pennsylvanian State University Press, pp. 315–359.
Conradie, E.; Swart, W. J.; Wingfield, M. J., 1990: Cryphonectria canker of Eucalyptus, an important disease in plantation forestry in South

Africa. S.A. For. J. 152, 43–49.
Cortesi, P.; Milgroom, M. G.; Bisiach, M., 1996: Distribution and diversity of vegetative compatibility types in subpopulations of Cryphonec-

tria parasitica in Italy. Mycol. Res. 100, 1087–1093.
Cortesi, P.; Rigling, D.; Heiniger, U., 1998: Comparison of vegetative compatibility types in Italian and Swiss subpopulations of Cryphonectria

parasitica. Eur. J. Forest Pathol. 28, 167–176.
Delmotte, F.; Bucheli, E.; Shykoff, J. A., 1999: Host and parasite population structure in a natural plant-pathogen system. Heredity 82, 300–308.
Elmer, W. H.; Summerell, B. A.; Burgess, L. W.; Nigh Jr, E. L., 1999: Vegetative compatibility groups in Fusarium proliferatum from Asparagus

in Australia. Mycologia 91, 650–654.
Groth, J. V.; Roelfs, A. P., 1989: The analysis of genetic variation in populations of rust fungi. In: Plant Disease Epidemiology. Vol II. Genetics,

Resistance and Management. Ed. by Leonard, K. J.; Fry, W. E. New York: McGraw-Hill, pp. 318–339.
Gryzenhout, M.; Myburg, H.; Van der Merwe, N. A.; Wingfield, B. D.; Wingfield, M. J., 2004: Chrysoporthe, a new genus to accommodate

Cryphonectria cubensis. Stud. Mycol. 50, 119–142.
Gryzenhout, M.; Wingfield, B. D.; Wingfield, M. J., 2009: Taxonomy, Phylogeny and Ecology of Bark-Infecting and Tree Killing Fungi in the

Cryphonectriaceae. MN, USA: APS Press.
Gurer, M.; Ottaviani, M.-P.; Cortesi, P., 2001: Genetic diversity of subpopulations of Cryphonectria parasitica in two chestnut-growing regions

in Turkey. For. Snow Landscape Res. 76, 383–386.
Heath, R. N., 2005: Studies to Consider the Possible Origins of Three Canker Pathogens of Eucalyptus in South Africa. Chapter 3 M.Sc Thesis.

Department of Microbiology and Plant Pathology, Pretoria, South Africa: University of Pretoria.
Heath, R. N.; Gryzenhout, M.; Roux, J.; Wingfield, M. J., 2006: Discovery of the Cryphonectria canker pathogen on native Syzygium species in

South Africa. Plant Dis. 90, 433–438.
Jankovsky, L.; Haltofova, P.; Palovcikova, D., 2010: New findings and vegetative compatibility groups of Cryphonectria parasitica (Murrill) M.

E. Barr in the Czech Republic. Plant Protec. Sci. 1, 19–24.
Linde, C. C.; Zala, M.; McDonald, B. A., 2009: Molecular evidence for recent founder populations and human-mediated migration in the

barley scald pathogen Rhynchosporium secalis. Mol. Phylogenet. Evol. 51, 454–464.
Liu, Y.-C.; Milgroom, M. G., 2007: High diversity of vegetative compatibility types in Cryphonectria parasitica in Japan and China. Mycologia

99, 279–284.
McDonald, B. A.; McDermott, J. M., 1993: Population genetics of plant pathogenic fungi. Bioscience 43, 311–319.
McDonald, B. A.; McDermott, J. M.; Goodwin, S. B.; Allard, R. W., 1989: The population biology of host-pathogen interactions. Annu. Rev.

Phytopathol. 27, 77–94.
McDonald, B. A.; Miles, J.; Nelson, L. R.; Pettway, R. E., 1994: Genetic variability in nuclear DNA in field populations of Stagonospora nodo-

rum. Phytopathology 84, 250–255.
Milgroom, M. G.; Cortesi, P., 1999: Analysis of population structure of the chestnut blight fungus based on vegetative incompatibility geno-

types. Proc. Nat. Acad. Sci. U.S.A. 96, 10518–10523.
Milgroom, M. G.; Sotirovski, K.; Spica, D.; Davis, J. E.; Brewer, M. T.; Milev, M.; Cortesi, P., 2008: Clonal population structure of the chestnut

blight fungus in expanding ranges in southeast Europe. Mol. Ecol. 17, 4446–4458.
Myburg, H.; Gryzenhout, M.; Heath, R.; Roux, J.; Wingfield, B. D.; Wingfield, M. J., 2002: Cryphonectria canker on Tibouchina in South Africa.

Mycol. Res. 106, 1299–1306.
Nakabonge, G.; Roux, J.; Gryzenhout, M.; Wingfield, M. J., 2006: Distribution of Chrysoporthe canker pathogens on Eucalyptus and Syzygium

spp. in eastern and southern Africa. Plant Dis. 90, 734–740.
Robin, C.; Anziani, C.; Cortesi, P., 2002: Relationship between biological control, incidence of hypovirulence, and diversity of vegetative com-

patibility types of Cryphonectria parasitica in France. Phytopathology 90, 730–737.
Roux, J.; Meke, G.; Kanyi, B.; Mwangi, L.; Mbaga, A.; Hunter, G. C.; Nakabonge, G.; Heath, R. N.; Wingfield, M. J., 2005: Diseases of plantation

forestry tree species in eastern and southern Africa. S. Afr. J. Sci. 101, 409–413.
Sheldon, A. L., 1969: Equitability: dependence on the species count. Ecology 50, 466–467.
Slippers, B.; Stenlid, J.; Wingfield, M. J., 2005: Emerging pathogens: fungal host jumps following anthropogenic introduction. Trends Ecol.

Evol. 20, 420–421.
Stoddart, J. A.; Taylor, J. F., 1988: Genotypic diversity: estimation and prediction in samples. Genetics 118, 705–711.

130 M. Vermeulen, M. Gryzenhout, M. J. Wingfield et al.



Stukenbrock, E. H.; McDonald, B. A., 2008: The origins of plant pathogens in agro-ecosystems. Annu. Rev. Phytopathol. 46, 75–100.
Tsror Lahkim, L.; Levin, A. G., 2003: Vegetative compatibility and pathogenicity of Verticillium dahliae Kleb. isolates from olive in Israel.

J. Phytopath. 151, 451–455.
Tsutsui, N. D.; Suarez, A. V.; Holway, D. A.; Case, T. J., 2000: Reduced genetic variation and the success of an invasive species. Proc. Nat.

Acad. Sci. U.S.A. 97, 5948–5953.
Van der Merwe, N. A.; Gryzenhout, M.; Steenkamp, E. T.; Wingfield, B. D.; Wingfield, M. J., 2010: Multigene phylogenetic and population

differentiation data confirm the existence of a cryptic species within Chrysoporthe cubensis. Fung. Biol. 114, 966–979.
Van der Westhuizen, I. P.; Wingfield, M. J.; Kemp, G. H. J.; Swart, W. J., 1992: Comparative susceptibility of Eucalyptus grandis clones and

hybrids to Cryphonectria cubensis. 30th Congress South African Society for Plant Pathology, Cintsa, East London, Eastern Cape Province,
South Africa. 23–26 January, Phytophylactica 24, 98.

Van Heerden, S. W.; Wingfield, M. J., 2001: Genetic diversity of Cryphonectria cubensis isolates in South Africa. Mycol. Res. 105, 94–99.
Van Heerden, S. W.; Wingfield, M. J.; Coutinho, T. A.; Van Zyl, L. M.; Wright, J. A., 1997: Diversity of Cryphonectria cubensis isolates in

Venezuela and Indonesia. Proceedings of IUFRO Conference on Silviculture and Improvement of Eucalypt. Salvador, Bahia, Brazil.
Vermeulen, M.; Gryzenhout, M.; Wingfield, M. J.; Roux, J., 2011: New records of the Cryphonectriaceae from southern Africa including

Latruncellus aurorae gen. sp. nov. Mycologia 103, 554–569.
Wingfield, M. J.; Roux, J., 2002: Plantation diseases of South African forest plantations. In: South African Forestry Handbook 1. Ed. by Own,

D. L. Pretoria: The South African Forestry Institute, pp. 241–252.
Wingfield, M. J.; Swart, W. J.; Abear, B. J., 1989: First record of Cryphonectria canker of Eucalyptus in South Africa. Phytophylactica 21,

311–313.

VCG diversity in Chrysoporthe austroafricana 131


