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ABSTRACT
Linde, c., Wingfield, ~. J., and Kemp, G. H. J. 1994. Root and root collar disease ofEucalyptus
gramlis caused byPythium spJendens. Plant Dis. 78:1006-1009.

A serious root and root collar disease ofEucal}ptus grandis occurred in the Kwambonambi
area of northern ~'ata] during the past 4 yr. This disease typically occurs on young trees that
rapidly \I.'ill and die. Pythium splendenswas consistently isolated from foots and root collars
of dying trees. P. splendensinoculated on two different clones ofE. grandis and onEucalyptus
fastigata ",..ashighly pathogenic. Isolates ofP. splendens showed the same or an even higher
degree of virulence thanPhYlOphlhora cinnamomi, a well-known Eucalyplus root pathogen,
on the E grandis clones tested. Virulence ofP. splendenson E. Jasligara was, however, less
than that ofPhYlOphlhura cinnamomi.

,

The South African forestry industry
is based mainly on plantations of exotic
Pinus and Eucalyptus species in approxi-
mately equal proportions.Phytophthora
cinnamomi Rands has occurred in
scattered locations, causing minimal
losses (30,33). This is in contrast with
the \.I,'idespread and destructive dieback
of Eucalyptus, especially Eucalyptus
marginata Sm., in southern and western
Australia (15,17).

In high altitude areas of South Africa,
Phytophthora cinnamomi is commonly
known as a root pathogen ofEucalyptus
fasrigata Deane & Maiden andEucalyp-
tus fraxinoides Deane & Maiden (33).
Their high susceptibility demanded the
planting of other Eucalyptus spp. not
susceptible toPhytophthora cinnamomi.
The pathogen is also associated with root
diseases ofPinus spp. in South Africa.
However, only a few reports have been
published on the latter host, and these
were primarily from sites with poor
drainage (4,30,33).

Serious but sporadic incidences of root
diseases have been reported in pine and
Eucalyptus nurseries in the Cape Prov-
ince (4). These deaths were ascribed to
factors such as poor drainage, as well
as to Phytophlhora cinnamomi-infested
soil. Exclusion of these factors from nur-
series resulted in a reduction in root dis-
eases caused byPhytophthora cinnamomi
(4).

In recent years, severe losses have
occurred in 6- to] 8-mo-old plantings of
Eucal)prus grandisA.W. Hill ex Maiden
at Kwambonambi in the Zululand
Forestry Area (Natal Province). This
disease is characterized by the reddening
of the leaves (Fig. IA) in December
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(summer). A good rainfall in November
and December (average for the last 4 yr
was 137 mm/mo), fol1owed by a mid-
summer drought in January (68 mm), are
typical environmental factors associated
with the disease. The trees rapidly wilt
and die between January and March,
following the girdling of the roots and
root collars (Fig IB).

In the past, E. gramlis, which is the
most important Eucalyptus sp. propa-
gated in South Africa, has been virtuallv
free of root diseases. This disease prob'-
lem was. therefore, of particular concern.
The objective ofthis study was to identify
the causal agent of this important
disease.

MATERIALS AND METHODS
Isolation and identification. Isolations

were made from roots and root collars,
as well as from soil in the root zone of
dying trees. Samples were taken from 75
arbitrarily selected diseased trees in the
Zululand area. Soils were baited with
citrus leaf disks (6). Five leaf disks per
soil sample were transferred to a selective
medium for the isolation of Oomvcetes
in general (27) and to a hym~xazol
medium for the isolation ofPhytoph-
thora spp. (26). Roots and root collar
segments were washed thoroughly in
running tap water and plated onto both
selective media. Transfers were made to
cornmeal agar (CMA) for identification.

Oomycetous fungi consistently iso-
lated from diseased trees and suspected
as the causal agent were identified on
the basis of morphological and cultural
characteristics (29). Fifty mature asexual
structures produced with the grass-blade
culture technique (29) were mounted in
lactophenol-cotton blue and measured.
Twenty isolates of the suspected patho-
gen were crossed with two compatible
strains of the heterothallic oomycetous
fungus, Pythium splendens H. Braun,

obtained from the Plant Protection
Research Institute (PPRI), Pretoria,
South Africa (PPRI 4722 (+) and PPRI
4723 (-». All the isolates were cultured
on CMA for 2 days prior to mating.
Isolates of the suspected pathogen were
transferred to opposite sides of the com-
patible mating types on CMA and
incubated at 20 C. The presence of
oogonia, antheridia, and oospores was
determined 3 wk later by light micros-
copy. The presence of other fungal path-
ogens was investigated by incubating
diseased plant material in moist cham-
bers and making single-spore isolations
from fruiting bodies on potato-dextrose
agar (PDA).

Field trials. J) Root inoculation. An
isolate of P. splendens isolated from
diseased E. grandt's roots (CBS 461.93),
was inoculated in December 1993 in the
roots of a seedling population of 20E.
grandt's trees (3 yr old) planted in the
Kwambonambi area. Inoculum of theP.
splendcns isolate was established on
PDA. One root (5 cm diameter) of each
tree was inoculated. The cambium of the
lateral root was removed with a lO-cm-
diameter corkborer, 15 cm from the tree
collar. The wound was replaced with a
disk of agar colonized with the test
fungus and sealed with masking tape.
Another 20 trees, which served as the
controls, were inoculated with a sterile
disk of agar and also sealed with masking
tape. A completely random experimental
design was utililed in the trial. Trees were
examined for lesion and symptom
development after 4 mo. Reisolations
were made from inoculated and control
plants on culture dishes containing
pimaricin (27).

2) Stem inoculation. Two stem inoc-
ulation trials were conducted. In the first
trial with the suspected pathogen, two
clones ofE. grandis were used. This was
because clone 1 appeared to be more
susceptible under field conditions than
clone 2. Twenty trees (2 yr old) of each
clone were inoculated at the lona planta-
tion near Mtunzini, Natal North Coast.
Inoculum of a single isolate of the sus-
pected pathogen was established on PDA
in petri dishes.A 10-mmcorkborer was
used to make two wounds 1800from each
other on each tree. Wounds were made
1.5 m above ground level. One wound
was inoculated with a disk of agar colon-
ized by the test fungus, and a disk of
sterile PDA was inserted into the second
wound, which served as the control. The
wounds were sealed with masking tape,



and the trees were examined to wk later.
In the second stem inoculation trial,

three different isolates of the suspected
pathogen were compared. Ten trees each
of three different Eucalyptus hosts were

artificially inoculated. The trees for in-
oculation were as follows: a 2-yr-old
clone of E. grandis near Kwambonambi,
Natal North Coast; a 2-yr-old clone of
E. grandis near Lydenburg, eastern

Transvaal; and a 3-yr-oldE. fastigata
generated from seed near Lothair,
southeastern Transvaal. TheE. grandis
clones were different from those used in
the first stem inoculation trial.

10 ;"~
-"}
J
I
s,.

~i
f
i

Fig. 1. (A) Red discoloration of leaves, the first observable symptom ofEucalyptus grandis infected with Pythium splendens.(8) Girdled
root collar of E. grandis tree naturally infected withP. splendem. (C) Lesion on the outer bark ofEucalyptus fastigata 5 wk after inoculation
with P. splenden.~.(D) Lesion on E.fastigata 5 wk after inoculation withP. splendens(outer bark removed).
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Lesion lengths (em)

P. :::.plendens") P. cinnamom;") ()wrall
Host Control Sit Sl2 SI3 MeanY Cil CI2 1\lcan' meanY

NEGC 1.0 a 7.8 b 13.0 bc 6.4 b 9.1 a IO.Bbe 13.1 b 12.0 a 10.2 a
TEGC 1.0 a 23.4 cd 32.2 dc 14.9 be 23.5 b B.Obe 15.5 b 11.8 a 18.8 b
Eucalyptus fasrigala 1.1 a 11.6 b 32.7 de 41.6 ef 28.6 c 50.4g 64.5 f 57.5 d 40.2 c

~ean' 1.0 p 14.3 q 26.0 rst 21.0 rs 20.4 qr 23.1 rs 31.0 t 27.lst

The three different isolates of the sus-
pected pathogen (CBS 460.93, CBS
461.93, and CBS 462.93) used in the
pathogenicity studies were isolated from
diseased roots ofE. grandis. Two isolates
of P. cinnamomi (CP 10 and CP II) iso-
lated from E.fastigata in eastern Transvaal
were also inoculated for comparison.
Inoculum preparation and inoculation
procedures were the same as described
for the first stem inoculation trial. How-
ever, lesions were examined after 5 wk
rather than 10 wk as in the first trial.
The experimental design followed for
both trials was a complete randomized
design.

Both field trials were conducted in
summer when the host was thought to
be most susceptible to fungal invasion
(21,24). Lesion lengths in the secondary
phloem were measured and used to indi-
cate the virulence of each isolate inocu-
lated (25). Reisolations were made from
inoculated and control plants on culture
dishes containing pimaricin (27).

Statistical anal)'sis. The numerical
data obtained throughout the study were
statistically analyzed for variances and
differences among isolates anq. hosts.
Means were tested for significance
according to Tukey's procedure (23).

RESULTS
Isolation and identification. A species

of PJ,thium was isolated from diseased
roots and root collars of 64 dying trees,
as well as from soil in the root zone of
66 diseasedE. grandi.~'trees. Isolations
were made on the selective medium not
containing hymexazol. No other known
plant pathogens were isolated from
diseased plant material or soil. The
fungus was identified asP. :::.ph>ndens.
This identification was based primarily
on characteristics such as the typical
abundant globose hyphal swellings,
26.2-(31.5) -37.5 Mmin diameter. Oogonia,
aplerotic oospores, and diclinous
antheridial cells were produced in all 20
isolates paired with the compatible
isolate of P. splendens(PPRI4722 (+)).
Cultures representative of the species
were deposited in the culture collection
of the National Collection of Fungi,
Pretoria.

Field trials. I) Root inoculations.
Twelve of the inoculatedE. grandi.\'trees
developed lesions that extended from the
roots to the root collars, to form a root
collar lesion similar to those observed
under natural conditions. No lesions
were observed in the other eight inocu-
lated E. grandi.\' or control trees. P.
splcndens was successfully reisolated
from the 12 E. grandis trees that
developed lesions, but could not be iso-
lated from the eight trees without lesion
development and the control trees.

2) Stem inoculations. Outer bark
lesions (Fig. IC) and secondary phloem
lesions (Fig. 1D) with associated kino
vein formation (25) occurred onE.
.fastigata and E. grandis clones inocu-
lated with P. splendens and Phytoph-
thora cinnamomi. Average lesion lengths
which developed in clone I (538 mm) in
the first stem inoculation trial were
significantly (P:5::0.0 I) longer than those
of clone 2 (429 mm). Due to callus forma-
tion, no measurements were possible in
control inoculations. The pathogens
were reisolated from inoculated plants.

In the second stem inoculation trial,
no significant differences in lesion
lengths on clones ofE. grandi.)' in Natal
were detected among isolates ofP.
splcndcns and Phytophthora !'in-
namomi. In contrast, isolate SI 2 ofP.
spll'ndens was significantly (P:5:: 0.01)
more virulent to the E. grandis clone
inoculated in Transvaal than wasPhy-
tOf)hthora rinnamomi (Table I). How-
ever, Phytophthora cinnamomi resulted
in significantly (P:5::0.0 I) longer lesions
on E.fastigata than those associated with
P. splendens.

Significant differences (P :5::0.01) in
virulence were detected among isolates
of both P. splcndensand Phytophthora
cinnamomi. Although lesion lengths
associated with Phytophthora cin-
namomi (27.1 em) as an average among
hosts and isolates differed significantly
(P:5:: 0.01) from those associated with
P. splendcns (20.4 em), lesion lengths
associated with some isolates ofP.
:::.plendensdid not differ significantly
from Phytophthora cinnamomi. Lesion
lengths induced by isolates SI 2 and SI
3 of P. splendensas an average among

hosts did not differ significantly from
those associated with isolate Cl I of
Phytophthora cinnamomi. The lesion
length induced by isolate SI 2 ofP.
:::.plendensas an average among hosts was
also equivalent to the more virulent iso-
late CI 2 of Phytophthora cinnamomi.
Both it and P. splendcns resulted in
smaller lesions in the twoE. grandisclones
than inE..fastigata. No lesions developed
in control inoculations (Table I).

DISCUSSION
It was possible to show conclusively

in this study that P. splendens is the
primary cause of the root and root collar
disease of establishedE. grandis trees in
the Kwambonambi area of Northern
Natal. P. .\plendensis known as a patho-
gen of young seedlings ofEucalyptus and
Pinus species, although it is not fre-
quently encountered (1,19,28). It also
causes severe damping-off of both young
Pinuspatula and E. grandis seedlings and
is thus an important nursery pathogen
(28). Since the first report ofP. splcndens
in South Africa, from Carica papaya L.
(31), the fungus has been encountered
only occasionally. In all cases, these
reports have been from nonforestry hosts
(2,3).

P. splcndenshas apparently never been
associated with diseases of established
Eucalyptus trees. It has, however, been
suggested thatP. splcndens, as a com-
ponent in a disease complex withPhy-
tophthora cinnamomiand otherPythium
spp., could cause a disease ofEucalyptus
spp. in Australia (J8). High populations
of Pythium spp. have been detected in
the soil of Eucalyptus plantations in the
past (5,9). In these cases, they were con-
sidered simply soil inhabiting and
nonpathogenic to establishedEucalyptus
trees under field conditions. This is in
agreement with the situation in loblolly
pine stands, peach orchards, and apple
orchards, wherepythium spp. are con-
sidered minor components in tree decline
(11,16,20). In contrast, the related fungus
Phytophthora cinnamomi is a well-
known component of theEucalyptus
dieback syndrome in Australia(10, 17.32)
and is also a serious pathogen of other
woody plants (7,8,12-14).

Table 1. Lesion lengths (em) onEucalyptus hosts inoculated with differenl isolates ofPythium splcndcns and Phytophthora cinnamom/'"

"'Abbreviations are as follows: 51= P. .I'plcndcnsisolates 1-3, C1= Phytophthora dnnamomi isolales and 2, NEGC= Natal Eucalypws
grandis clone, and TEGC = Transvaal E. grandis clone.,
Each value is an average of 10 replicate trecs pcr treatment. CV= 31.2%.

l Values in differenl columns followed by different letters differed significantly atP ~ 0.01 according to Tukey's procedures for comparison
of means.

'Values in the fOW followed by different letters differed significantly atP~ 0.01 according to Tukey's procedure for comparison of means.
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Root collar lesions were successfully
produced with artificial inoculation ofP.
splendenson the roots ofE. grandis trees.
However, these trees did not die as they
ultimately do under natural conditions.
It is believed that this was due to the
fact that the inoculated trees were some-
what older than those observed dying in
plantations. Moreover, under natural
conditions, multiple infections probably
led to tree death.

Although the disease under investiga-
tion in this study was of roots and root
collars, we also inoculated stems to
measure differences in virulence ofP.
splendens isolates and in clonal suscep-
tibility. Stem inoculations could be
justified by the fact that Shearer et al
(22) showed that their results onEucalyp-
tus with Phytophthora cinnamomi
corresponded with root inoculation.
However, virulence is enhanced in stem
inoculations (22,24).

As might be expected, different iso-
lates ofP. splendensdiffered in virulence.
Tests to compare the virulence ofP.
~plendensand Phytophthora cinnamomi
showed that P. splendens is equally or
even more virulent thanPhylophthora
cinnamomi on some of theE. grandis
clones tested. The extensive lesions that
developed on field-inoculated trees are
indicative of a very high degree of
virulence in P. splendens. Phytophlhora
cinnamomi was more virulent thanP.
splendens on E. jastigala. This is in
agreement with the high susceptibility of
E.jasligata to Phytophthora cinnamomi
in South Africa (33).

Root pathogens such asPylhium spp.
tend to have a wide host range, and no
differences were expected in susceptibil-
ity of clones. In contrast, results of this
study indicated significant differences in
susceptibility among theE. grandis
clones tested. This might be explained
by the different environmental condi-
tions at the inoculation sites, as well as
genetic variability in E. grandis. These
differences suggest that it might be pos-
sible to select for disease resistance in
the field. However, the considerable
variation in virulence among isolates of
P. splendens could confound this
opportunity.

The discovery of P. splendens as a
pathogen ofEucalyptus in South Africa

has resulted in considerable concern,
becauseE. grandis is the most important
species planted and the most severely
affected. Future studies must, therefore,
concentrate on developing strategies to
control this important disease.
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