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Abstract: Armillaria root rot was reported on eco-
nomically important Pinus and Eucalypius species
grown in plantatons in South Africa since the early
1900s. Armillaria species have been well studied in
North America and Europe, but have received mini-
mal attendon in South Africa. Most reports of Ar-
millaria root rot in South Africa suggest that A. mellea
is the causal agent. The narne A. heimii has also been
used in more recent reports, although these have not
been based on mycological studies. The taxonormic
disposition of Armillaria in South Africa, therefore,
- remains unknown. The aim of this study was to iden-
tfy and characterize Armilleria isolates from forest
plantadons in South Africa based on morphology,
PCR-RFLP profiles and sequence data. Analysis of
these characters revealed that the isolates originating
from the plantations in South Africa are distinct from
A. mellea and A. heimii. We believe that they repre-
sent A. fuscipes.
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INTRODUCTION

Armillaria root rot has been known in South African
forestry plantations since the early 1900s (Pole Evans
1933, Kowzé 1935, Bottomley 1937). This disease was
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originally ascribed to the species A. mellea (Vahl: Fr.)
P. Rumm. (Lundquist 1987). However, the name A.
heimii Pegler, a species commonly occurring in Afri-
ca, later replaced A. mellea (Ivory 1987). Uncertainty
regarding the identty of the Armillaria species re-
sponsible for root rot in South Africa arose in a pre-
liminary study (Coetzee et al 1997). In that study, it
was shown that the RFLP (restriction fragment length
polymorphism) profiles of the first intergenic spacer
region (IGS-1) of the rRNA operon, differed between
the South African isolates and apparently authentic
isolates of A. heimii.

The taxonomy, biology and phylogeny of Armillar
ia has been thoroughly studied in the Northern
Hemisphere (Anderson and Ulrich 1979, Anderson
et al 1980, Roll-Hansen 1985, Guillaumin et al
1993b). Biological species determination as well as
morphological and molecular studies have shown
that Armillaria includes at least 36 different species
(Volk and Burdsall 1995). Many of the species have
previously been aggregated in A. mellea s. L.

In the temperate regions of Africa, Armillagia root
rot has arbitrarily been attributed to A. mellea (Mo-
hammed 1994). This situaton, however, has been
partially resolved as the result of a number of inves-
tigations of Armillaria species in African countries.
Studies on Armillaria in Cameroon, Congo, Gabon,
Kenya, the Ivory Coast, Malawi, Tanzania, Zambia
and Zimbabwe (Augustain et al 1994, Guillaumin et
al 1998a, Mohammed et al 1993, Mwangi et al 1989,
1993, Mwenje and Ride 1993, 1996) have suggested
that A. hetmit Pegler, A. mellea s. s., A. mellea (Vahl:
Fr.) P.Rumm. subsp. africana Mohammed et al (in-
validly published) and A. mellez (Vahl:Fr.) PRumm.
var. camerunensis Henn. [= A. camersunensis
(Henn.)] are present. These occur on commercially
grown forest species, fruit trees and on many indig-
enous forest tree species.

Identification of African Armillaria species has
been difficult due to the absence of rhizomorphs
(Swift 1968), as well as the scarcity of the fruidng
bodies during most of the year. Molecular and bio-
chemical techniques have been shown to be useful as
an alternative to morphology in the identification of
Armillaria species. Differences in isozyme profiles
(Morrison et al 1985), RFLPs of different types of
DNA (Smith and Anderson 1989, Anderson et al
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1989, Harrington and Wingfield 1895) and IGS-1
DNA sequence data (Anderson and Stasovski 1992)
have been successfully used to identify Armillaria spe-
cies from the northern hemisphere. No DNA-based
studies have been conducted using Armillariaisolates
from Africa, other than the preliminary report of
Coerzee et al (1998).

Isoenzyme analysis is the only molecular technique
that has been used as an alternative to morphological
and biological studies in delineating African Armil-
laria species. This method is, however, tme consum-
ing and large quantities of fungal material are need-
ed to obtain reliable results (Bonde et al 1993). This
is in contrast to the rapid and reliable technique de-
veloped by Harrington and Wingfield (1995) for the

identificadon of Northern Hemisphere Armillaria.

species using PCR-RFLPs. _

In the study of Harrington and Wingfield (1995),
the IGS-1 region of representative Armsllaria isolates
from North America and Europe was amplified. Re-
sulting IGS-1 amplicons were then digested with re-
striction endonucleases. Unique RFLP profiles were
obtained for each species using the restricion en-
donuclease Alul. Such RFLP profiles were used in the
delineation of taxa. It was thus apparent that a single
technique such as PCR-RFLP might be useful to iden-
tify isolates of Armillaria from Africa.

The objective of this study was twofold. Our first
aim was to identify and characterize the Armillaria
isolates from forest plantations in South Africa. Sec-
ondly, we were interested in determining the rela-
tonship between species present in South Africa and
those species from other parts of Africa. To accom-
plish these objectives, the IGS-1 region of a collection
of isolates available to us was amplified, subjected to
RFLP analysis and sequenced. Also, descriptions of
the basidiocarps and culture morphology of the iso-
lates were made and compared with those of type
specimens of A. fuscipes and A. heimii.

MATERIALS AND METHODS

Fungal isolation and cultivation.—Isolates from South Africa
were collected from infection centers in pine plantations in
Mpumalanga, the Northern Province as well as Ewa-Zulu
Natal (TABLE I, FIG. 1). Armillaria isolates from other coun-
tries in Africa were supplied by TC Harrington (TABLE I).
Infected tissue was surface sterilized and small pieces
(2 mun®) from the white mycelial fans between the bark and
the cambium were removed from infected dssue. The my-
celial pieces were placed on a selective medium (Harring-
ton et al 1992) and incubated at 22 C for 2 wk in the dark.
Tips of the rhizomorphs produced in the primary cultures
were (ransferred to MYA (2% Biolab malt extract, 0.2%
Biolab yeast extract and 1.5% Biolab agar) plates and in-
cubated at 22 C for 2 wk in the dark. All cultures used
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* Where species names are given, these are the names supplied by the culture collections noted.
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¢ B refers to the culture collection of T.C. Harrington, Iowa State University, Ames, Iowa.
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F1G. 1. Map of South Africa showing the relative loca-

tion of the Armillaria isolates collected from different pine
plantations. EC = Eastern Cape, FS = Free State, GP =
Gauteng, KZN = Kwa-Zulu Nawal, MP = Mpumalanga, NC
= Northern Cape, NP = Northern Province, NW = North-
ern Cape, WG = Western Cape.

(TarLE I) are maintained in the culture collection of the
Tree Pathology Co-operatve Programme (TPCP), Forestry
and Agricultural Biotechnology Insttute (FABI, University
of Pretoria, Pretoria, South Africa).

Basidiocarp morphology—The macromorphology of the bas-
idiocarps obtained in Frankfort foresuy plantation, South
Africa, was examined and compared with the descriptions
of A. fuscipes (Chandra and Wading 1981) and A. heimii
(Pegler 1977). Hand secdons of the dried material were
made with a surgical scalpel for microscopic exarnination.
The sections were mounted in 2% KOH and 1% phloxine
or in Melzer’s solution and examined using a light micro-
scope (Zeiss Axioskop, Carl Zeiss, Germany). The sizes of
the basidiospores, basidia and cheilocystidia were deter-
mined using a calibrated eyepiece micrometer. Color de-
scriptions and codes are based on those of Rayner (1970).

Dried specimens were prepared for SEM (scanning elec-
tron microscopy) by fixing 5 mm? pieces in glutaraldehyde
(3%) and OsO, (0.5%). This was followed by dehydraton
of the specimens in a graded acetone series and critcal
point drying using a critical point drier (BIO-RAD, Watford,
England). The dried material was coated with gold palla-
dium and examined in a scanning electron microscope
(JEOL WINSEM, model JSM 6400} at 5 kV.

The type specimens of A. hetmii and A. fuscipes were ob-
tained from the Muséum National D'Histoire Naturelle (P)
and the Royal Botanical Gardens (K), respectively. Both
specimens were examined, but because of the importance
of the material and the limited amount of material available
for A. heimii, no microscopical examination was undertak-
en. Detailed descriptions of the macro- and microscopic
morphology of both specimens were published by Heim
(1963) (as Clitocybe elegans, synonym with A. keimii), Pegler
(1977) and Kile and Watling (1988} for A. heimii and by
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Fic. 2. Posidon of primers used to determine the DNA
sequence of the IGS-1 on the rRNA operon.

Petch (1909) and Chandra and Wading (1981) for A. fus
cipes. Comparisons of the macro- and micromorphological
features of these two species with those of the basidiocarps
obtained in South Africa were, therefore, based on descrip-
tions in the literature.

DNA amplification and PCR-RFLPs.—Isolates were cultured
in liquid MY (2% malt extract and 0.3% yeast extract) me-
dium in the dark for approx 2 wk at 22 C. Mycelium was
harvested by centrifugation (15 300 g 20 min) and freeze
dried. DNA from the mycelia was extracted according to
the method published by Coetzee et al (2000). DNA quan-
dfication was done by UV spectroscopy using a Beckman
Du Series 7500 Spectrophotometer.

PCR was used to amplify the first intergenic spacer region
(IGS-1) between the 3’ end of the large subunit (LSU) ri-
bosomal RNA (rRNA) gene and the 5" end of the 5S gene
for the Armillaria isolates used in this study. Primers CL12R
(Veldman et al 1981) and O-1 (Duchesne and Anderson
1990), as suggested by Harrington and Wingfield (1995),
were inidally used. It was, however, not possible to obtain
any amplification using these primers. Primers P-1 (Hsiau
1996) and 55-2B (5’ CAC CGGC ATC CCG TCT GAT CTG
CG 3") (F1G. 2) were, therefore, used since they resulted in
good amplification for Heterobasidion species, which has
been shown to have an inverted 55 gene (TG Harrington
pers comm). The PCR reaction mix and reaction conditions
were the same as those published by Coetzee et al (2000).
The PCR products were visualized under UV illumination
after electrophoresis on an agarose (Promega, Madison,
Wisconsin) gel (0.8% wt/v) stained with ethidium bromide.

IGS-1 amplicons were digested by adding 10 units of the
restriction endonuclease Ald and 1 pl (10 mg/mL) BSA
{acetylated Bovine Serum Albumin) (Promega, Madison,
Wisconsin) to 20 pl. of the PCR reaction mix without pu-
rification. Digestion took place at 37 C for 6 h. The restric-
tion fragments were visualized on a 3% (wt/v) agarose (Pro-
mega, Madison, Wisconsin) gel sizined with ethidium bro-
mide using UV illuminadon.

DNA sequencing—DBoth strands of the IGS-1 region were
sequenced using primers P-1, 55-2B, MCP-2, MCP-2R, MCP-
3, MCP-3R, 55-3MC, 55-3MCR, 55-4MC, 55-4MCR, MCP-
2A, MCP-2AR, 55-5MC and 55-5MCR (FI1G. 2) (Coetzee et
al 1998). Primers other than P-1 and 55-2B were derived
continuously as the sequence data became available. An ABI
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PRISM® 377 DNA. sequencer was used for autosequendng.
Sequencing reactions were carried out using an ABI
PRISM® Dye Terminator Cycle Sequencing Ready Reaction
Rit with AmpliTaq® DNA Polymerase, FS (Perkin Elmer,
Warrington, UK) according to the protocol of the manu-

facrurer.

Sequence dam were manually aligned by inserting gaps
and deposited in TreeBASE (dara matrix SN328-949, phy-
logram SN328). All indels (inserdons or deletions) were ex-
duded from the analysis. Analysis of the sequence data was
done using PAUP* version 4.0b2 (Swofford 1998). Search
methods used to analyse the distance matrix and to gen-
erate a phylogram representing the relationship between
the isolates was based on the neighborjoining tree building
method. The objective function was set to minimum evo-
lution and the distance measures between the isolates were
based on the HEY85 (Hasegawa et al 1985) distance mea-
sure model. Maximum likelihood search indicated that the
substitution rate for variable sites is infinite and the rate for
variable sites was, therefore, set to equal. The phylogram
generated was rooted to midpoint given that no appropriate
outgroup taxon is available for comparison.

RESULTS

Isolations and morphological characteristics.—Estab-
lished techniques led to the successful isolation of
Armillaria from numerous infection sites in South Af-
rica. These isolates had whidsh, flat mycelium in the
center and cylindrical, brown rhizomorphs were
abundantly produced in culture (¥16. 3). In general,
the rhizomorphs branched monopodially although a
dichotomous branching type was sometimes ob-
served (FIG. 3).

Basidiomes were collected in Apr 1997 at Frankfort
forestry plantation, Sabie (FiG. 1) (700-1000 m elev)
(FiGs. 4-8). Using the terminology of Largent (1977)
and Largent et al (1977) we describe the basidiomes
as follow: Pileus (F1G. 4) up to 51 mm (average 35
mm) diam, convex later broadly plane, center broad-
ly umbonate sometimes depressed encircling zone,
citrine (21k) in center, becomes orange yellow (17b)
to shades of light cream at margin, brussels brown
(17°1) squamules, margin incurved, striate. Lamellae
(F1c. 4) white, decurrent, close. Stipe (FIG. 4) 6487
mm X 2~4.5 mm, central, cylindrical, solid, olive gray
(23"”), becomes lighter towards the ring, buff
(19"d) just above the ring, becomes citrine (21k) to-
wards the apex, pale olive gray (23'"f) flocci from
base to ring, brownish white inner tssue. Ring (FIG.
4) close to apex, membranous saccate, circumscissile,
whitish. Basidiospores (FIGS. 5, 7, 8) 7-12 (9) X 4-7
(6) wm, elliptic-ovoid to elliptic-oblong, slightly thick-
ened, smooth to slightly roughened, apiculated, hy-
aline, non-amyloid, cyanophilous and Spore print
white in mass. Basidia (FiGs. 6, 7) 4 spored, 30-50

(40) X 10-12 (10) pm, clavate, thin walled, hyaline,
no clamp connectons on the base of the basidia.
Cheilocystidia 38 X 8 um, clavate, thin walled, hayline.
Hymenophoral trama slightly bilateral, thin walled, hy-
aline. Subhymenial trama interwoven. No rhizo-
morphs were observed on roots or in the soil asso-
clated with dying trees.

DNA amplification and PCR-RFLPs.—Using the prim-
er set P-1 and 55-2B, wwo different fragment sizes
were obtained for the different isolates. PCR frag-
ments approx 1200 bp in size were obtained for field
isolates as well as for basidiospores from spore prints
of Armillaria from South Africa. Isolates from Zambia
(CMW3173), Cameroon (CMW3152) and from Zim-
babwe (CMW3955 and CMW3952) had DNA ampli-
fication fragment sizes of approx 900 bp in size.

DNA fragments of different size were obtained af-
ter digestion with the restricion endonuclease Akd
(F1G. 9). Fragment sizes were scored against a 100-bp
ladder to determine the length of the individual frag-
ments. Fragments smaller than 100 bp were not de-
termined because of the difficulty in visualizing these
bands.

The South African isolates used in this study had
similar RFLP profiles with fragments of approx 365,
245, and 135 bp, respectively. Isolates obtained from
Zimbabwe had RFLP profiles with fragment sizes of
approx 530, 220, and 175 bp, respectively. Determi-
nation of the RFLP profiles of the isolates thought to
represent-A. heimii, however, revealed differences in
the DNA fragment sizes between the respective iso-
lates. The RFLP profile of the A. heimii isolate orig-
inating from La Reunion (CMW3164) was similar to
that of the South African Armillaria isolates. Armil-
laria heimii from Zambia (CMW3173) and the Cam-
eroon (CMW3152) had the same RFLP profiles with
DNA fragments of approx 520, 220, and 175 bp.

DNA sequence analysis.—DNA sequences were
aligned by inserting gaps, resulting in the total length
of 1241 bp. The absolute length, however, ranged
from 866 to 1107 bp. The absolute length of the IGS-
1 for the isolate of A. heimii from the La Reunion
(CMW3164) was 1106 bp which is the same size as
that observed for the South African isolates of Ar-
millaria (CMW2717, CMW2740 and CMW3167). The
remaining isolates from the Cameroon (CMW3152)
and Zambia (CMW3173) idendfied by other re-
searchers as A. heimii as well as the isolate of Armil-
laria from Zimbabwe had absolute lengths of 866,
879, and 896 bp, respectvely. Indels were excluded
from the data matrix leading to 730 characters used
in the final analysis.

Isolates used in this study grouped in two major
clusters (FiG. 10) when subjected to neigborjoining
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Fics. 3-8. Armillaria sp. found in South Africa. 3. Culture. An Armillaria isolate from P, elliotii in a foresty plantation,
grown 4 wk on MYA, seen from the top and from the bottom of the culure. 4. Basidiocarps obmained in Frankfort pine
plantadon, Sabie. Bar = 10 cm. 5. Light micrograph of the basidiospores. Bar = 10 pm. 6. Light micrograph of basidia. Bar
= 95 um. 7. SEM of basidia. Bar = 5 pm. 8. SEM of basidiosprores. Bar = 5 pm.
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Fic. 9. A 3% agarose gel stained with ethidium bromide
showing Al restriction fragments for isolates of Armillaria
species. Lanes 1-8 show profiles of the South African col-
lecdons as follows: CMW2717 (1), CMW2740 (2),
CMW7362 (3), CMW3950 (4), CMW3167 (5), basidiospores
from one basidiocarp (6), basidiospores from a different
basidiocarp (7) and basidiocarp tssue (8). Lane 9 shows
the RFLP profile of isolates CMW3164 from La Reunion.
Lanes 10 and 11 show fragments for isolates CMW3955 and
CMW3952 from Zimbabwe. Lane 12 represents CMW3173
from Zambia and lane 13 CMW3152 from Cameroon. Lanes
labelled M show a 100 bp ladder (band sizes indicated in

base pairs).

analysis. Armillaria isolates from South Africa and La
Reunion grouped together but were separate from
A. heimii isolates originating in Zimbabwe, Zambia,
and Cameroon. Isolates from Zimbabwe and the A.
heimii isolate from Zambia grouped together and
were more closely related to each other than to the
A. heimii isolate from the Cameroon.

DISCUSSION

Armillaria root rot has been problematic since the
earliest days of South African forestry (Bottomley
1937). Despite this, almost no attenton has been af-
forded to identify the causal agent of the disease. We
believe that this is primarily due to the fact that spo-
rocarps are extremely rare, and in some cases, it has
been stated that they do not exist (Wingfield and
Knox-Davies 1980). Thus, the disease attributed to
Armillaria was based on typical symptoms of Armil-
laria root rot (Lundquist 1987). Absence of rhizo-
morphs in the field is also a well recognized phenom-
ena and thought to be related to environmental con-
ditions such as soil compositon, temperature and
moisture (Bottomley 1937, Luckhoff 1964, Swift
1968, Rishbeth 1978). We were fortunate to be able
to collect basidiocarps of the Armillaria sp. respon-
sible for root rot on numerous occasions and to con-
sider its morphology in some detail. Based on our
observations we are convinced that the name A. her-
mii, used for this fungus in recent literature (Ivory
1987), is not appropriate.

This study showed that isolates of Armillaria from

CMW2717 (South Airica)
BCMWZ?ZLO (South Africa)
CMW3167 (South Africa)
CMW3164 (La Reunion)
81% CMW3173 (Zambia)
100%
CMW3152 (Cameroon)
CMW3955 (Zimbabwe)

100%

~0.01 changes

Fic. 10. Phylogram generated from a neighbor-joining
search of the IGS-1 sequence data for the isolates used in
this study. Scale represents total nucleotide changes. Boot-
strap values (1000 replicates) are indicated above the
branches.

forest plantadons in South Africa represent a single
taxon. This observaton is based on the similarity of
culture morphologies and also on molecular com-
parisons that we made. Given the fact that at least
three taxa are thought to exist in nearby countries
such as Zimbabwe (Mwenje and Ride 1996), it might
be srange that a single taxon was found in the pine
plantations in South Africa. It is possible that other
species occur within the boundaries of South Africa,
although they are almost certainly not to be found
in forest plantations. Itis our intenton to survey rem-
nant native forest, pardcularly in areas such as the
southern Cape for Armillaria species in the near fu-
ture.

The macromorphological fearures of the basidi-
ocarps collected in the Frankfort forestry plantation
showed similarides with that.of A. heimii and A. fus-
cipes. It was, however, notable that the stipes and caps
were much larger than those described for A. heimi
basidiomes. Basidiocarps of A. hezmii have a pileus of
up to 3 cm diam, whereas the pileus of the basidi-
ocarps collected in Frankfort were up to 5 cm diam
and that of A. fuscipes up to 6 cm diam. Stipe lengths
also differed considerably with stipe lengths of 6.4-
8.7 cm noted for the basidiocarps in South Africa and
up to 10 cm for A. fuscipes, which is in contrast to
the shorter, 2.5-4.5-cm stpe length of A. hemii.
More striking, was the prominent blackish (olive
gray) color and the presence of the grayish (pale ol
ive gray) flocci on the stpes of both the basidiocarps
collected in South Africa and on the type material of
A. fuscipes. This is in conmast to the darker ochra-
ceous color described for A. heamai.

At the micromorphological level few differences,
with the exception of basidiospore and basidium size,
have been observed berween the basidiocarps col-
lected in South Africa, A. heimii and A. fuscipes. The
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basidiospores and the basidia of the basidiocarps
from South Africa were larger than those of A. Zeimui
and A. fuscipes. These micro- and macromorpholog-
ical differences suggest that the basidiocarps collect
ed in South Africa are not representative of A. heimii.

IGS-1 amplicons were obtained by both Anderson
and Stasovski {1992) and Harrington and Wingfield
(1995) using primer set CLI2R and O-1. Primer
CL19R binds to the 3’ end of the LSU and O-1 on
the 3' end of the 535 gene. Amplifying the IGS-1 re-
gion of the South African Armillariaisolates thought
to represent A. heimii was impossible using these
primers. The highly conserved nature of the 35 gene
(Hori et al 1977) and the specificity of primer O-1
for Basidiomycetes (Anderson and Stasovski 1992),
made these results difficult to interpret. This phe-
nomenon was also observed in amplifying the IGS-1
region of Heterobasidion species in which the 55 gene
is inverted (TC Harrington pers comm).

Using primer 58-2B that binds to the 3’ end of the
58 gene, led to successful amplification of the IGS-1
region. This indicated to us that the 53 gene in A.
heimii and the South African Armillaria isolates must
be in an opposite orientation relatve to the other
genes in the rRNA operon. This observation was later
confirmed with sequencing data of the IGS-1 region.

RFLP profiles from the amplified IGS-1 region
were the same for the South African Armillaria iso-
lates, indicatng that these belong to the same spe-
cies. Zimbabwe is geographically close to the north-
ern parts of South Africa, where our isolates were
collected. It was thus expected that the Zimbabwean
Armillaria would be the same as that from South Af-
rica. RFLP profiles of the Zimbabwean isolates were
the same as each other but differed from those from
the South African isolates. Isolates from Zimbabwe
(Harare), therefore, belong to the same species but
are different to those in South African forest plan-
tations. This finding is consistent with that of Mwenje
and Ride (1996) where only one group (Group III)
was found to be present in Harare. It is clear that a
more representative collecdon of Zimbabwean Ar-
millaria isolates would be needed to determine the
relationship between Armillaria species in forestry
plantations in South Africa and those present in Zim-
babwe. ‘

Unexpectedly, the RFLP profiles of the isolates,
idendfied by the collectors (TaBLE I) based on their
basidiocarp morphology as A. heimii, were dissimilar
to those for the South African Armillaria species. Iso-
lates thought to represent A. heimz from Zambia and
Cameroon had the same RFLP profiles, indicatng
that these are the same species. This is in contrast to
the RFLP pattern of the La Reunion A. heimii isolate,
which differed from the other A. heimii isolates. This

@

indicates that the A. hezmii from La Reunion is a dif-
ferent species. RFLP profiles of the Zimbabwean Ar
millaria and those of A. heimii from Zambia and
Cameroon were similar. Similar RFLP profiles were
observed for the South African Armilleria isolates
and the A. heimii isolate from La Reunion, bur these
differed from the RFLP profiles of A. hemii from
Cameroon and Zambia. Based on these results, we
believe that Armillaria isolates from South Africa and
the isolate from La Reunion belong to the same spe-
cies, but are not A. heimii.

The phylogram generated from DNA sequences
for the LSU, 38 gene and the whole of the IGS-1
confirmed RFLP results. Representative isolates
grouped into two major clusters, separated from each
other by a long branch. The first group included ail
of the South African isolates as well as the isolate
from La Reunion. Armillaria isolates from South Af
rica are, therefore, the same species and the same as
the isolate that has been called A. hemii from La
Reunion. The correct identfication of the La Re-
union isolate must now be resolved as it is clearly not
the same as isolates labelled A. heimii from Zambia
and Cameroon.

The second group in the phylogram included iso-
lates labelled as A. heimii from Zambia and Came-
roon, as well as the Armillaria isolate from Zimbabwe.
As might be expected, the Armillaria isolates from
Zimbabwe showed a closer reladonship to A. heimii
isolates from Zambia than to the isolate from Cam-
eroon. Heim (1968) reported A. heimii to occur in
Cameroon in his descripdon of Clitocybe (Armillar-
iella) elegans, which is the same as A. heimii. Based
on the RFLP profile and sequence data, and the fact
that A. heimiz was originally described from Came-
roon, we expect that the Armillaria isolates from the
Cameroon, Zimbabwe and Zambia used in this study
probably represents this species.

The type specimen of A, heimii is represented by
very limited material and our attempts to obtain a
PCR product and DNA sequence data without caus-
ing any damage to it were not successful. Given the
limited availability of the material, it is unlikely that
we will succeed in this quest. It is thus not possible
to be certain whether isolates available to us and sug-
gested to be of A. heimii actually represents this spe-
cies. At present, all we can be sure of is that most of
these isolates are different to the South African iso-
lates. The exception is the isolate from the La Re-
union which we believe is the same as the [ungus that
occurs throughout forest plantations of South Africa.

We have shown in this study that the Armillaria sp.
common in pine plantations of South Africa, proba-
bly does not represent A. heimii. Examination of the
type specimens of A. fuscipes and A. hetmiz, however,
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show that the fungus in South Africa is very similar
to A. fuscipes. Further study, using molecular tech-
niques, of isolates from other parts of Africa will help
to clarify this question. However, collection of isolates
linked to sporophores will be needed to resolve the
identity of the South African Armillaria sp. with ab-
solute certainty. -
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