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ABSTRACT

Linde, C., Wingfield, M. I, and Kemp, G. H. 1. 1994, Root and root collar disease of Evcalvpis
grandis caused By Pythium splendens. Plant Dis, 75%; 1006-1009

A serious root-and root collar disease of Fucalypruy grandis occurred in the Kwambonambi
area of northern Natal during the past 4 vr. This disease typically occurs on young trees that
rapidly wilt and die. Pyehium splendens was consistently isolated from roots and root collars
of dying trees, £. gplendens inoculated on two different clones of £ grandis and on Eucalyprus
fasrigata was highly pathogenic. Isolates of P splendens showed the sameé or an even higher
degres of virulence than Phytophthora cinnamomi, 3 well-known Ewcalyptus rool pathogen,
on the £ grandis clones tested. Virulence of P splendens on £ fastipata was, however, less

than that of Phutophthora cinramomi.

The South African forestry industry
i5 based mainly on plantations of exotic
Finws and Eucalvpruy species in approxi-
mately equal proportions. Phytophthora
cinngmomi Rands has occurred in
scattered locations, causing minimal
losses (30,33). This is in contrast with
the widespread and destructive dichack
of Eucalvprus, especially Eucalyptus
margingta Sm., in southern and western
Australia (15,17),

In high altitude areas of Sowh Alrica.
Phytophthora cinnamomi is commonly
known as a root pathogen of Eucalvptes
fastigata Deane & Maiden and Eucalvp-
s fraxinoides Deane & Maiden (33).
Their high susceptibility demanded the
planting of other Ewcalyprus spp. not
susceptible o Phyrophthora cinnamomi,
The pathogen is also associated with root
diseases of Pinus spp. in South Africa,
However, anly a few reports have been
published on the latter host, and these
were primarily from sites with poor
drainage (4,303

Serious but sporadic incidences of roat
diseases have been reported in pine and
Eucalvptuy nurseries in the Cape Prov-
ince (4). These deaths were ascribed to
factors such as poor drainage, as well
as 10 Phvrophchora einnamomi-infested
soil. Exclusion of these lfactors from nur-
series resulted in a reduction in root dis-
cases caused by Phytophrhora cinnamomi
{4).

In recent vears, severe losses have
occurred in 8- 10 18-mo-old plantings of
Eucalypius grandis A.W. Hill ex Maiden
a1l Kwambonambi in the Zululand
Forestry Area (Matal Province). This
disease i5 characterized by the reddening
of the leaves (Fig. 1A) in December
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{summer), A good rainfall in November
and December (average for Lthe last 4 yr
was 137 mm/ mo), followed by a mud-
summer drought in January (68 mm), are
typical environmental factors associated
with the disease, The trees rapidly wilt
and die between January and March,
[ellowing the girdling of the roots and
root collars (Fig 1B),

In the past, £ grandis, which is the
most important Ewcalypius sp, propa-
gated in South Africa, has been virtually
free of root diseases. This disease prob-
lem was, therefore, of particular coneern.
The objective of this study was to identify
the causal agent of this imporiant
disease.

MATERIALS AND METHODS
Isolation and identification. |sclations
were made from roots and root collars,
as well as from seil in the root zone of
dyving trees. Samples were taken from 75
arbitrarily selected diseased trees in the
Zululand arca. Soils were baited with
citrus leal disks (6). Five leafl disks per
soil sample were transferred to d selective
medium for the isolation of Qomycetes
in general (27) and to a hymexazol
medium for the isolation of Phyroph-
thora spp, (260, Roots and root collar
scgments were washed thoroughly in
running tap water and plated onto both
selective media, Transfers were made 1o
cornmeal agar (CMA) lor wdentilication,
Oomyeetous fungi consistently  iso-
lated from discased 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 comycetous
funpgus, Prchivm splendens H. Braun,

obtained from the Plant Protection
Research Institute (PPRI), Pretaria,
South Africa (PPR1 4722 (+) and PPRI
472% (—)). Al the isolates were culiured
on CMA for 2 days prior to mating.
Isolates of the suspected pathogen were
transferred 1o opposite sides of the com-
patible mating tvpes on CMA and
incubated at 20 C. The presence of
oogonig, antheridia, and oospores was
determined 3 wk later by light micros-
copy. The presence of other fungal path-
opens was investigated by incubating
diseased plant material in moist cham-
bers ‘and making single-spore isolations
from fruiting bodies on potato-dextrose
agar (PTXA),

Field trials. /} Root inoculation. An
isolate of P splendens isolated from
diseased E. grandis roots (CBS 461.93),
was inoculated in December 1993 in the
roots of a seedling population ol 20 £
grandis trees (3 yr old) planted in the
Kwambonambi area. [noculum of the £,
splendens 1solate was established on
PDA, One root (3 cm diameter) of each
tree was inoculated. The cambium of the
lateral root was removed with a 10-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 utilized in the trial. Trees were
cxamined for lesion and symptom
development after 4 mo. Reisolations
were made from inoculated and control
plamts on culture dishes containing
pimaricin (27),

2) Stem inoculavion. Two stem inoc-
ulation trials were conducted. In the first
triz] with the suspected pathogen, two
clones of £ grandis were used. This was
because clome | appeared to be more
susceptible under field conditions than
¢lone 2. Twenty trees (2 yr old) of each
clone were inoculated at the lona planta-
tion near Mtunzini, Natal North Coast.
Inoculum of & single wolate of the sus-
pected pathogen was established on PDA
in petri dishes, A 10-mm corkborer was
used to make two wounds 1B0° from each
other on each tree, Wounds were made
1.5 m above ground level. One wound
was inoculuted with a disk of agar colon-
ized by the test fungus, and a disk of
sterile PDVA was inseried into the second
wound, which served as the control, The
wounds were sealed with masking tape,



and the trees were examined 10 wk later, artificially inoculated. The trees for in-

In the second stem inoculation trial,  oculation were as follows: a 2-yr-old
three different isolates of the suspected  clone of £ grandis near Kwambonambi,
pathogen were compared, Ten trees cach Watal North Coast; a 2-yr-old clone of
of three different Eucalyprus hosts wers E. grandis near Lydenburg, eastern

Transvaal; and a 3-yr-old E. fastivaia
generated from seed near Lothair,
southeastern Transvaal. The £ grandis
clones were different from those used in
the first stem inoculation trial.

Fig. 1. (A) Red discoloration of leaves, the [rst observible symptom of Fucalvprus prandis infected with Pethicm splendens, (B) Girdled
root collar of £ grandis tree naturally infected with £ spi ) Lesion on the outer bark of Ewcalvprus fastigate 5wk after inoculation
with P splendens, (I¥) Lesion on £, fastigara 5 wk after inoculation with P splendens (outer bark removed).
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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
discased roots of £ grandis. Two isolates
of £, cinnamomi {CP 10and CP 11} i50-
lated from E fastizaia 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 Tollowed for
hoth trials was a complete randomized
design.

Both ficld trials were conducted in
summer when the host was thought to
be most susceptible 1o Tungal imvasion
{21,24). Lesion lengths in the secondary
phloem were measured and used to indi-
cate the virulence of each iselate inocu-
lated (25). Reisolations were made from
incculated and control plants en culture
dishes containing pimaricin (27).

Statistical analysis. The numerical
data obtained throughout the study were
statistically analyzed for variances and
differences among solates and hosts,
Means were lested lor significance
according to Tukey's procedure (23).

RESULTS

Isolation and identification. A species
of Pythiwm was 1solated [rom diseased
roots and root collars of 64 dying trees,
as well as from soil in the root zone of
66 diseased £ grandiy trees. Isolations
were made on the selective medium not
comtaining hymexazol. No other known
plant pathogens were isolated from
diseased plant  material or soil. The
fungus was identified as P splendens,
This identification was based primarily
on characteristics such as the typical
abundant globose hyphal swellings,
26,2-031,3}-37.5 pm in diameter, Qogonia,
aplerotic oospores, and diclinous
antheridial cells were produced in all 20
isolates paired with the compatible
isolate of P splendens (PPRI 4722(+)).
Cullures representative of the species
were deposited in the culture collection
of the Mational Collection of Fungi,
Pretoria.

Field trials. [) Roor imocularions,
Twelve of the inoculated £, grandis 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. Mo lesions
were ohserved in the other eight inocu-
lated E. grandis or control wrees, P
splendens was successfully reisolated
from the 12 £ grandis trees that
developed lesions, but could not be isa-
lated from the eight trees without lesion
development and the control trees.

2) Srem fnecufations. Quier bark
lesions (Fig, 1) and secondary phloem
lesions (Fig, 1D} with associated kino
vein formation (25) occurred on £

Sastipara and E. grandiy clones inocu-

lated with P. splendeny and Phytoph-
thara cinmamomi, Average lesion lengths
which developed in elone | (338 mm) in
the first stem inoculation trial were
significantly ( #=0.01) longer than those
of clone 2 (429 mm}, Due to callus {forma-
Hon, no measurements were passible n
control inoculations. The pathogens
were reisolated from inoculated plants.

In the second stem inoculation trial,
no significant differences in lesion
lengths on clones of £ grandiv in Natal
were detected among isolates of P
splendens and  Phyiophthoera cin-
nantontl. In contrasty, isolate 512 of P
splendeny was significantly (P = 0.01)
more virulent te the £ grandis clone
inoculated in Transvaal than was Phy-
tophithora cinnarmomi (Table 1), How-
ever, Phytophthora cinnamomi resulted
in significantly (£ = 0.01) longer lesions
on £, fasrigate than those associated with
P, splendens.

Significant differences (P = .01} in
virulence were detected among isolates
of both P splendens and Phyvtophthora
cimanmomi. Although lesion lengths
associated with Phytophthora cin-
ramamni (27.1 cm) as an average among
hosts and isolates differed significantly
(P = 0.01) from those associated with
P osplendens (204 em). lesion lengths
associated with some isolates of P
splendens did not differ significantly
from Phyrophihora cinnamoni. Lesion
lengths induced by 1solates 51 2 and 51
3 of P, splendens as an averags among

hosts did not differ significantly from
those asseciated with isolate C1 1 of
Phyvtophihora cinnamomi, The lesion
fength induced by isolate S1 2 of P
splendens as an average among hosts was
also pguivalent to the more virulent iso-
late C1 2 of Phytophthora cinnamomd,
Both it and F. splendens resulted in
smaller lesions in the two E grandis clones
thanin £ fastigara. No lesions developed
in contrel inoculations (Tabde ),

DISCUSSION

[t was possible to show conclusively
in this study that P. splendens is the
primary cause of the root and root collar
discasec of established £ grandis trees in
the Kwambonambi arca of MNorthern
MNatal. P. splendens is known as a patho-
gen of young seedlings of Fucalypius and
Pinus species, although it is not fre-
quently encountered (1,19,28). It also
causes severe damping-off of both voung
Pinus patwla and £, grandizseedlings and
is thus an important nursery pathogen
{28). Since the first report of P, splendens
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 splendens has apparently never been
associated with diseases of established
Fucalypres trees. 1L has, however, been
supgested that P osplendens, as a com-
ponent in & disease complex with Phy-
tophithora cinnamaomi and other Pythium
spp., could cause a disease of Frealyprus
spp. in Australia (18). High populations
ol Pythiem spp. have been detected in
the soil of Ewcalypius plantations in the
past (3.9), In these cases, they were con-
sidered simply soil inhabiting and
nonpathogenic to established Fucalvpius
trees under field conditions. This is in
agreement with the situstion in loblolly
pine stands, peach orchards, and apple
orchards, where Pyrlinm spp. are con-
sidered minor components in tree decline
{11,16,20). In contrast, the related fungos
Phytophthora cinramomi is a well-
known component of the Ewcalyprus
dieback syndrome in Australia (10,17,32)
and is also a serious pathogen of other
woody plants (7,8, 12-14),

Tahle 1. Lesion lengths (em) on Evcalvpens hosts inocwlated with different isolates of Porkiim splendens and Plyvtophthora cirnamaoi™

Lesion lengths (cm)

P ._ﬁg.‘eﬂden.t"' P. cinnaromn ™ Overall
Host Conirol Sl 812 S13 Mean' cli L] B} Mean? mean’
NEGC 1.0a 78hb 13.0 be 6.4 b 91la 1.8 be 131 b 1204 102 a
TEGL 10a 234 ed 312 de 14.9 be 235 b E.0 be 155 Iy I.5a 185 b
Encalvpius fastigata l.La 1.6k 327 de 4].6ef WBhHe Mdg 451 57.54d 402 ¢
Mean 1.0p 143 q 2ol st 21 rs Ndqgr Bl KNI T s

" Abbreviations are as follows: 51 = £ splendens isolates -3, C1 = Phetophrfiorg cinnamonsi isolates | and 2, NEGC = Natal Swealvpiuy
grandiz clone, and TEGC = Transvaal £ grandis clone.

"Each value is an average of 10 replicate trees per treatment. OV = 3124,
"Values in different columns followed by different letters differed significamtly ar P = 0,01 according to Tukev's procedures for comparison

of means.

"Walues in the row Followed by different letters differed significantly at P= 001 according 1o Tukey'’s procedure for comparison of means,
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Root collar lesions were successfully
produced with artificial inoculation of P.
splendens on the roots of E 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 ipoculated stems to
measure differences in virulence of P,
splendens isolates and in clonal suscep-
tibility, Stem inoculations could he
justified by the fact that Shearer 1 al
i 22) showed that their results on Eucalyp-
tuy with Phytophthora cinnamomi
corresponded with root inoculation.
However, virulence is enhanced in stem
inoculations (22,24),

As might be expected, different iso-
lates of P. splendens differed in virulence,
Tests to compare the virulence of P
splendens and Phyrophthora cinnamomi
showed that P. splendens is equally or
even more virulent than Phytophthora
cinnamomi on some of the E grandis
clones tested. The extensive lesions that
developed on ficld-inoculated trees are
indicative of a very high degree of
virulence in P, splendens. Phytophthora
cinamami was more virulent than P
splendens on E,. fastigara. This is in
agreement with the high susceptibility of
E. fastigara to Phyrophthora cinnamomi
in South Africa (333

Root pathogens such as Pyrhium spp.
tend to have @ 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 the E prandis
clones tested. This might be explained
by the different environmental condi-
tions at the inoculation sites, as well as
genetic variability in £ grapdis. These
differences suggest that it might be pos-
sible 1o select for disease resistance in
the ficld. However, the considerable
variation in virulence among isolates of
£, splendens could confound this
opportunity.

The discovery of P splendens as a
pathogen of Eucalypius in South Africa

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

LITERATURE CITED

1, Campbell, W. A, and Hendrix. F. F., Jr. 1967,
FPyrhigm and  Phytephthora populations in
sonthern forest tree onoreseries, (Ahstr.)
Phytopathology 5T:457,

2, Darvas, ). M. 1978, Ecology of avocade root
pathogens, South Afr. Avecade Grower's
Assoe. Res. Rep. 3:31-32

Y. Doidge, E. M. 1950, The South African fungi
und lichens to the end of 1943, Bothabia 51:1-
[LEEN

4, Donald, D, G. M., and von Breembsen, 5, L.
1977, The control of Phytophihore cinmamami
Rands in a South African forest nursery, South
Afr. For, I, 10dk:50-55.

5. Gerrettson-Comell, L., Dowden, H. G, M.,
Bridges, R. G., and Townsend, 5. B, 197%, The
meidence of Phyiephrhora cinranmromi and
Pythium species in thinned Eucalypt plots. Plant
[hs, Rep. 63:490-403.

&, Grimm, G. B, and Alexander, A, F. 1993, Citrus
leal pieces as traps for Phyrophthera parasitica
{rom soal slurries. Phytopathelogy 63:540-54).

7. Kohlman, E. G., and Hendrix, F. F. {93,
Phytophthora root rot of Fraser fir. Plant Diis,
Rep, 47:352-553.

& Lorio, P L., Ir. 1966, Phytaphthars cinnemomi
and Fyihium species associated with loblolly
pine decling in Louisigna. Plam Dis, Rep,
Hh596-597.

b, Marks, G, T, und Kassaby, F. Y. 1974,
Pathogenicity of Prehiem spp. and Phvtoph-
thara drechsteri to Esvealypour spp. Aust. §. Bat,
21661 -665,

M. Marks; G, C., Kessaby, F. Y, and Reynolds,
5. T, 1972, Die-back in mixed hardwood forests
of eastern Victoria; o preliminary report. Aust,
1. Bot. Hp1d1-145.

Il Mircetich, 5. M. 1971, The role of Pykium in
feeder roos of disensed and symptomless peach
trees and tn orchoard soils in peach tree decline,
Phytopathology £1:3157-360,

12, Mircetich, 5. M., Campbell, R, N, and
Matheren, M, E 1977, Phytophthora trunk
canker of coast live oak and cork cak trees in
Californte. Plant Dis. Kep. 61:66-70.

13, Mircetich, 5. M., and Matheron, M. E. 1474,
Phytophthora reot and crown rof of cherry
tress. Phytopatheloyy 66:549-558,

14, Mewhook, F. 1. 1959, The association of
Phytopisthora spp. with mortality of Pl
radiata and other contfers. N.Z. 1. Agric. Res.
ZROE-R43

15, Newhook, F, |, and Podger, F. D, 1972 The
robe of Phitephiforg cimnamomi in Australian

and New Zealand foresis. Annu. Rev.
Phytopathaol. [(:2949-326,
I6. Dirosine, W. 3., and Marx, D, H. 1975

Populations of Phyrophthora cinremomi and
Pyafeisent spp. under shortbeal and loblolly pines
o littleleal disease sites. Phytopathology

i1

23

24,

i1,

32,

3

65 1224-1229.

. Podger, F. I, Doepel, B, [}, and Zentmver,

G. A, 1963, The association of Phytophifora
cinramord with a disease of Eucalpprus
marginaia forest in western Australia. Plant Dis.
Bep. 49-643.947,

o Praw, B, H. and Heather, W. A. 1973 Recovery

of potentially pathogenic Phytophthara and
Pythiem spp, from native vegetation in
Australin. Aust. 1. Biol. Sci. 26:575-582

. Robertson, G, L 1973 Occurrence of Pyilium

spp- in New Zealand soils, sands, pumices, and
peat, and roots of container grown plants, N2,
1. Agric. Res, [6:357-365.

Sewell, G. W, F. 1981, Effects of Pythium species
on the growth of apple and their possible cawsal
rodle in apple replant disease. Ann. Appl. Biol,
973142

Shearer, B. L.. Michaelsen, B, J., and
Somerford, P J. 1988, Effccts of isolate and
time of inoculation on invasion of secondary
phloem of Ewcalypous spp. and Benksia grasdis
by Phytophithora spp. Plant Dis, 72:121-126.
Shearer, B, L., Michaslsen, B. I, and Warren,
H_ I, 1987, Comparative behavior of Phiyrop-
thorg species in the secondary phloem of stems
and excied roots of Sawbsic grandiz and
Eucalypies marginara, Aust. 1. Bor. 35:103-110.
Steel, B, G D, and Torrie, J, H. 1980, Principbes
and Procedures of Statistics, MeGraw-Hill, New
Yark.

Tippett, J. T., Hill, T, €., and Shearer, B. L.
1985 Ressstance of Eycalypros spp. o invesion
by Phoplihors camamonn, Auwst. . Bot
32408-418.

. Tippett, J. T.. Shea, 5. B, Hill, T. C,, and

Shearer, B L, 1983, Development of lesions
caused by Phyrophchora cinnamomi o Lthe
secondary phloem of Eucalyprus maerginata,
Aunst, J, Bor 31:197-21,

. Tsaa, P H., and Guy, 5, Q. 1977, Iohibition

of Mortierella and Pythinm n a Phytophthord-
isolation mediem containing hymexazol,
Phviopathology 67:796-0010

, Tsao, Po H., and Ocana, O, 1969, Selective sola-

tion of species of Phvrophihora from natural
soils on gn improved antibiote medism, Natare
113636638,

. Vaartaja, ©. 1967, Damping-off pathogens in

South Australian nurseries, Phytopatholegy
ST TRS-T6E.

Vander Plaats-Niterink, A_J, 1981, Maonograph
of the penus Prafues. Studies in Mycology Mo,
. Central bureau voor Schimmelcultures,
Buarn, Metherlands.

Yon Broembsen, 5. 1984, Qxecurrence of
Phtophthora cimmamomi on indigenous and
exedic hosts in South Africa, with special refer-
ence 1o the south-western Cape Provinee
Phytophylacticn 16:22[-225.

Wager, V. A 193], Diseascs of plants in South
Africa due to members of the Pythinceae. Union
South Afr. Dep. Agric. Bull. 105:1-43.

Weste, G, M., and Taylor P, 1971, The invadion
of native orest by Phyrophiors cinmatmomi,
I. Brishane Ranges, Victoria, Aust, 1. Baol,
19i281-204

Wingfield, M. J., and Knox-Davies, P. 5. 1980,
Observations on diseases in pine and cocalypius
plantations in Sewuth Africa, Phytophylactica
[2:5T.0),

Plant Disease/October 1904 1009



	page 1
	Titles
	125 
	ABSTRACT 
	Accepted for publication 2 May ]994. 
	@ 1994 The American Phytopathological Society 
	1006 Plant Disease/Vol. 78 NO.1 0 
	MATERIALS AND METHODS 


	page 2
	Images
	Image 1

	Titles
	10 
	Plant Disease/October 1994 1007 


	page 3
	Titles
	RESULTS 
	DISCUSSION 
	Table 1. Lesion lengths (em) on Eucalyptus hosts inoculated with differenl isolates of Pythium splcndcns and Phytophthora cinnamom/'" 
	1008 Plant Disease/Vol. 78 No. 10 

	Tables
	Table 1


	page 4
	Titles
	LITERA TURF: CITED 
	65:1224-1229. 
	Plant Disease/October 1994 1009 



