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SYNOPSIS

This review covers diseases of Pinus and Eucalyptus spp. associated with Pythium and Phytophthora
spp. The relative importance of these fungi is discussed and their host range is deseribed. It is shown that
the most important species are Phytophthora cinnamomi and to a lesser extent Phytophthora cryptogea.
Diseases associated with Pythium and Phytophthora spp. in South Africa have been inadequately studied
in the past. This review emphasises the occurrence and importance of Pythium and Phytophthora in
forestry in South Africa and attempts to place it in perspective.

The forestry industry in South Africa dependslargely
on exotic species of Pinus and Eucalyptus. Species of
these hosts are planted in more or less equal
proportions and together, they cover an area of
approximately 1,2 million hectares (Anonymous,
1990). Forestry is based on a monoculture system and
this has led to a concern regarding the potential
threat of diseases to this industry (Wingfield et al.,
1991). Oomycetous fungi, and particularly species of
Phytophthora, are known to cause serious damage to
woody plants in many parts of the world (Crandall,
1936; Crandall, 1950; Evans, 1968; Firman, 1974:
Katsura, 1976; Liyanage, 1989; Opeke and Gorenz,
1974; Tidball and Linderman, 1990). Little attention
has, however, been given to the occurrence and
importance of Pythium and Phytophthora spp. in
forestry in South Africa,

Phytophthora and Pythium spp. are serious
pathogens with a wide host range. P. cinnamomi for
example has a host range of over a 1 000 plant species
{(Zentmyer, 1980). Various symptoms such as root
rot, die-back, blight, cankers, fruit rot, pod rot, collar
rot, and necrosis of feeder roots are associated with
infection by Phytophthora spp. (Gallegly, 1983;
Zentmyer, 1980). In contrast, Pythium spp. are
usually confined to nursery diseases such as pre- and
post-emergence damping-off of various Eucalyptus
and Pinus spp. (Marks and Kassaby, 1974; Vaartaja,
1967; Vaartaja and Salisbury, 1961). Species of
Pythium and Phytophthora associated with root
diseases of FBucalyptus and Pinus spp. are
summarised in Table 1. The aim of this review is to
summarise the knowledge regarding the most
important Pythium and Phytophthore spp. and the
diseases they cause to Eucalyptus and Pinus spp.
Special reference is given to the disease situation in
South Africa.
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DISEASES ASSOCIATED WITH PHYTOPH-
THORA AND PYTHIUM ON ESTABLISHED
TREES

a) Diseases caused by Phytophthora

Phytophthora cinnamomi and Phytophthora
cryptogea are considered to be the most important
species pathogenic to FKucalyptus and Pinus spp.
(Bumbieris, 1976; Hamm and Hansen, 1982; Heather
et al., 1977, Marks and Kassaby, 1974; Newhook,
1959; Podger, 1978; Podger and Batini, 1971). P.
cryptogea is less widespread than P, cinnamomi and
appears to be a pathogen of minor significance
(Shepherd and Halsall, 1977; Weste, 1975). P.
cryptogea also appears to vary in pathogenicity and
Shepherd and Pratt (1973) were able to recognise
distinct northern and southern ecotypes of the fungus
in Australia. Phytophthora drechsieri associated
with seedling deaths is considered to be a synonym of
P. cryptogea (Bumbieris, 1974). The conspecificity of
the two species was unfortunately not recognised by
some researchers prior to 1978 (Podger, 1978).
Phytophthora cinnamomi has been regarded by
some as the most destructive plant pathogen ever
discovered (Wolstenholme, 1979; Zentmyer, 1980). A
classic example of a devastating disease associated
with P. cinnamomi is the well-known Jarrah
{(Bucalyptus marginata Sm.) die-back in western
Australia, which is undoubtedly the most serious
forest disease associated with an Oomycetous fungus
(Podgeret al., 1965). P, cinnamomi is also associated
with die-back of FEucalyptus spp. other than E.
marginata in Australia (Marks et al., 1972; Podger,
1972; Pratt et al., 1973; Weste and Taylor, 1971). In
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pines, it 1s associated with littleleaf disease of Pinus
echinate Mill. (shortleaf pine) and Pinus toeda L.
(loblelly pine)on poorly-drained soilsin south-eastern
USA (Campbell, 1948; Campbell, 1949; Fraedrich et
al., 1989; Zak and Campbell, 1958). A root disease
similar to littleleaf disease also occurs on P. radiata
D. Don. in New Zealand. P. cinnamomi and
Phytophthora cactorum were the two pathogens
consistently associated with the P. radiata decline
and appear to be of equal importance (Newhook,
1959). This disease is essentially the same as the
littleleaf disease of P. echinata in south-eastern
USA, except that symptoms develop far more rapidly
(Newhook, 1959).

In New South Wales, Australia, P. cryptogea has
beenregarded as a pathogen of P. radiata (Davison
and Bumbieris, 1873; Heather and Pratt, 1975).
However, most of the isolations of P. cryptogea
associated with declining P. radiata, occurred
during years when abnormally wet conditions
persisted until spring. The affected trees in the
field varied from one to 44 years old, but most were
between 31 and 44 years old {Davison and
Bumbieris, 1973).

Shearer et al. (1987} compared the pathogenicity
of P. cryptogea on established Eucalyptus with that
of P. cinnamomi. Although both species were
pathogenic, P. cinnamomi was more virulent than P,
cryptogea. The latter fungus can also cause pre- and
post-emergence damping-off of various Pinus and
Eucalyptus spp. (Hamm and Hansen, 1982; Heather
etal., 1977; Marks and Kassaby, 1976). Nevertheless,
P. eryptogea is geographically less widespread than
P. cinnamomi and is, therefore, less significant than
the world-wide distributed P. cinnegmomi (Pratt and
Heather, 1973b; Shepherd and Halsall, 1977, Weste,
1975).

b) Diseases caused by Pythium spp.

Some controversy exists regarding the importance of
Pythium spp. as pathogens of mature forest trees.
They are generally not considered as important
pathogens of Eucalyptus and Pinus trees (Marks and
Kassaby, 1974; Marks and Kassaby, 1976). Pratt and
Heather (19732) suggested that Pythium and
Phytophthora spp., otherthan P. cinnamomi, can act
either singly or in combination with P. cinnamomi to
cause die-back of Eucalyptus trees. Lorio (1966) also
suggested that Pythium splendens, Pythium vexans
and Pythium irregulare in association with P.
cinnamomi, may play an important role in P. taeda
decline in Louisiana. It is often the case that soil in
pine sites with high concentrations of, e.g., P.
irregulare and Pythium debaryanum, lead to higher
mortalities of P. echinata, than soil with low
concentrations of Pythium spp. (Otrosina and Marx,
1975). However, the effect that Pythium infection
has on the trees is, apparently, related to tree vigour
(Lorio, 1966).
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NURSERY DISEASES CAUSED BY PYTHIUM
AND PHYTOPHTHORA

Pythium spp. have a wide host range but infect
mainly juvenile or succulent tissues of annual plants
{(Hendrix and Campbell, 1973). They are most
commonly associated with pre- and post-emergence
damping-off of pines and eucalypts in nurseries
(Marks and Kassaby, 1974; Vaartaja, 1967; Vaartaja
and Salisbury, 1961). In contrast, Phytophthora spp.,
especially P. cinnamomi and P. cryptogea, are well-
known pathogens of established trees, but are also
serious pathogens of Fucalyptus and Pinus spp.
under nursery conditions (Hamm and Hansen, 1982;
Marks and Kassaby, 1974; Marks and Tippett, 1978;
Newhook, 1959; Podger and Batini, 1971). Other
species of Pythium causing diseases of Eucalyptus
include Pythium deliense and Pythium myriotylum,
associated with post-emergence damping-off (Sharma
et al., 1985) and P. cactorum, Phytophthora citricola
and Pythium anandrum which cause a stem disease
of various Eucalyptus spp. in Tasmanian nurseries
(Wardlaw and Palzar, 1985).

Various other Pythium and Phytophthora spp.
have been associated with root diseases of Pinusand
Eucalyptus trees under field and nursery conditions
{(Table 1). These species may contribute to the
development of root diseases, but in most cases,
pathogenicity has not been established (Campbell
and Hendrix, 1967; Davison and Bumbieris, 1973;
Hocking, 1968; Lorio, 1966; Marks and Kassaby,
1974; Newhook, 1958; Otrosina and Marx, 1975;
Pratt and Heather, 1973a). They are, however, not
associated with specific disease problems, but more
frequently form part of complex interactions with
other pathogenic fungi (Lorie, 1966, Newhook, 1959;
Podger, 1978).

DISEASE SITUATION IN SOUTH AFRICA
a) Diseases caused by Phyltophthora spp.

A number of Phytophthora spp. have been associated
with destructive plant diseases in South Africa. These
diseases include a root rot of avocado (Persea
americane Mill.) associated with P. ecinnamomi
{Doidge and Bottomley, 1931;% on Broembsen, 19843;
Wager, 1941; Wager, 1942), fruit rot and trunk
gumimosis of citrus associated with P. citricola, P.
cinnamomi, P. citrophthora(Sm. & Sm.) Leon. andP.
cactorum (Mes, 1934, Wager, 1931; Wager, 1841),
root and crown rot of apple associated with P
cactorum (Van der Merwe and Matthee, 1973), stem
rot of passion fruit (Passiflora edulis Sims.) associated
withP. nicotianae var.parasitica (Van den Boom and
Huller, 1870), and root and crown rots of a variety of
other plants associated with hoth Phytophthora and
Pythium spp. (Darvas et al., 1984; Von Broembsen,
1984a; Wager, 1941). Phytophthora cinnamomi is a
common pathogen of grapes (Vitis vinefera L.} and
commercially cultivated Protea spp. (Van der Merwe
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et al., 1972; Von Broembsen and Brits, 1985). P,
parasitica is responsible for a black-butt disease of
Acacia mearnsii de Wild. (Zeijlemaker, 1971), an
important forest tree species used for the production
of tannins and high quality paper.

The first disease of forest trees in South Africa was
noted as early as 1893 on Pinus pinea L., P. radiata
and E. marginata in the western and southern Cape
Province (Hutchins, 1893). The causal agent was,
however, never identified. P. radiata is highly
susceptible to P. cinnamomi in South Africa (Von
Broembsen, 1984a; Wingfield and Knox-Davies, 1880)
and E. marginata is known for its susceptibility to
this fungus elsewhere in the world (Podger et al.,
1965). Furthermore, studies on P, cinnamomi have
shown that the fungus is widespread in the southern
and western Cape Province (Von Broembsen, 1984a,b).
Itistherefore probable that the first recorded disease
of forest trees in South Africa was caused by P.
cinnamomdi,

Evidence that P. cinnamomi is indigenous to
South Africa was presented when the Al mating type
wasTecovered from rivers and indigenous hosts {Knox-
Davies, 1975; Von Broembsen, 1984b; Von Broembsen
and Kruger, 1985; Von Broembsenet al., 1986). Only
the A2 matingtype ofP. cinnamomi occursin managed
forestry areas which are distant from the indigenous
flora of the Cape where the Al mating type is
commonly found. This suggests that P. cinnamomi
was infroduced into exotic forestry arveas (Wingfield
et al., 1989},

Phytophthora cinnamomi has caused serious losses
in pine nurseries in the Cape Province. At the
Witelsbos (south-eastern Cape) nursery, it was
necessary to quarantine the whole nursery
(Anonymous, 1979/1980). At the Kluitjieskraal (south-
western Cape) nursery, P. cinnamomi necessitated
the destruction of 130 000 seedlings (Anonymous,
1980/1981). A forestry nursery at Grabouw suffered
severe losses due to P. cinnamonmi, favoured by poor
drainage (Donald and von Broembsen, 1977). The
annual mortality of P. radiata seedlings produced in
that nursery, ranged from 26 to 57 % for the period
1971 to 1975,

FEucalyptus fastigata Deane & Maid. and
Eucalyptus fraxinoides Deane & Maid. have been
severely affected by P. cinnamomi in South Africa
(Wingfield and Knox-Davies, 1980). Mortality of E.
fastigata is limited to individual trees and occurs
scattered in plantations. Death of E. fraxinoides has
been high and it appears to be the most susceptible
Eucalyptus species planted in South Africa(Wingfield
et al., 1989). The cultivation of both species has been
stopped owing to their high level of susceptibility to
P. cinnamomi associated root diseases.

Phytophthora cinnamomi has beenrecovered from
dying 19 to 20-year-old P. radiata trees in the
southern and western Cape Province (Von Broembsen,
1984a). This is in contradiction with the reported
susceptibility of P. radiate in USA which is at its
highest when the trees are over 20 and especially
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over 30 years old (Newhook, 1959). However, this
age-related susceptibility was determined for littleleaf
disease and itis uncertain whether the trees examined
by Von Broembsen (1984a) suffered from this disease
ornot, Furthermore, differencesin climatic conditions
and soil type could play a role in this variation in age-
related susceptibility, as these factors influence both
host and pathogen (Marks et al., 1972).

Phytophthora cinnamomi has occasionally been
isolated from mature (40-50 year) P. radicta as well
as from Pinus clausa Chapm. on wet or nutritionally
poor sites (Wingfield and Knox-Davies, 1980). P.
radiata and P. clausa are the most susceptible Pinus
spp. under field and nursery conditions in South
Africa. However P. clausa is not widely planted and
its susceptibility is therefore of minor significance.
Pinus elliottii Engelm., Pinus pinaster Ait., Pinus
halepensis Mill. and Pinus patula Schlecht & Cham.
were also susceptible to P. cinnamomi in nurseries,
buttoalesser extent (Von Broembsen, 1984a). Species
of Phytophthora other than P. cinnamomi have not
been reported from Eucalyptus and pine plantations
in South Africa.

b) Pythium-related diseases

Various Pythium spp. have beenisolated occasionally
from coniferous seedlings in South African forest
nurseries (Darvas et al.,, 1978). No serious losses
were recorded and Pythium spp. have, therefore, not
been considered as important pathogens of
Eucalyptusand Pinus spp.in South Africa. However,
P. splendens has recently been associated with
mortalities of one to two-year-oldEucalyptus grandis
seedlings in northern Natal (Linde et al., 199%2).
Furthermore, P, irregulare has been associated with
establishment deaths of P. patula on previously
cultivated lands in the north-eastern Cape (Linde et
al., 1993). In both cases, mortalities were high with
great economically importance, It was also the first
time that Pythium spp. have been associated with
mortality of Eucalyptus and Pinus trees under field
conditions (Linde ef al., 1992; Linde ef al., 1993).

CONCLUSIONS

Oomycetous fungi, particularly Phytophthora spp.,
include some of the most notorious pathogens of
forest trees. Although P. cinnamomi has been
associated with occasional death and die-back of
mature eucalypt and pine trees in South Africa, it
does not, however, appear to be amongst the most
serious pathogens of forest trees in the country.

A wide variety of Pythium spp. contribute to
severe disease losses in forest nurseries worldwide.
Although commonly associated with mature diseased
Euca-lyptus and Pinus spp., their importance as
pathogens ofthose treesis uncertain. In South Africa,
Pythium spp. have, in the past, been associated with
nursery diseases only, and they appear to be of minor
significance. However, with the discovery of P.
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splendens and P. irregulare as pathogens of trees
under field conditions, it is likely that similar disease
complexes would beidentified elsewherein the world.

Improvement of nursery practices in recent years
includes the use of composted bark as a growth
medium instead of soil which is often infested with
pathogens, Bark medium has almost completely
eliminated damping-off caused by Pythium spp. in
pine seedlings. The acid nature of this medium is
unfavourable for disease development (Hoitink and
Fahy, 1986; Huang and Kuhlman, 1991; Spencer and
Benson, 1982). Nursery diseases associated with
Pythium and Phytophthora spp. are, therefore,

unlikely to be a problem in the future.

Species of Phytophthora and Pythium include
some of the world’s most destructive plant pathogens
and their impact on economically important crops
has been well documented (Gregory, 1983). However,
the presence of these fungi, especially those associated
with Fucalyptus and Pinus spp. under field
conditions, has been inadequately studied in the
past. A detailed survey of forestry plantations is
therefore necessary to establish which Pythium and
Phytophthore spp. are involved, and what role they
play in the root disease complex.

TABLE 1. Occurrence and pathogenicity of Pythium and Phytophthora spp. aessociated with

Euealyptus and Pinus spp.

Species Host* Patbogenity’ References
Phytophthora boehmeriae Saw. P F+ Oxenham and Winks, 1863
" cactorum (Lehb. & Cohn) Schroet. E Fa Shearer et al., 1988
B N+ Wardlaw and Palzar, 1985
P F+ Newhook, 1959
P N+ Newhool, 1959
" ecinnamomi Rands E 0N Malajczuk et al., 1977, Marks and
Kagsaby, 1974; Marks et al, 1972;
Podger, 1972; Podger et al, 1965; Pratt
et al,, 1973, Weste and Taylor, 1871
B N+ Podger and Batini, 1871
P F+ Campbell, 1948; Cambell, 1949; Lorio,
1966; Newhook, 1959; Zak and Camp-
bell, 1958
P N+ Hamm and Hansen, 1982; Heather et
al., 1977; Newhook, 1959
' citricola Saw. E - Pratt and Heather, 1973a; Shearer et
al., 1987
E N+ Wardlaw and Palzar, 1985
P 8 Davison and Bumbieris, 1973; New-
hook, 1955
P N- Davison and Bumbieris, 1973
" cryptogea Pethybr. & Laff, E B Shearer et al., 1987
E Fu+ Shearer et al, 1988
E N+ Marks and Kassaby, 1974
P Fs Bumbieris, 1976; Davison and Bum-
bieris, 1973
P P Newhook, 1959
P N- Davison and Bumbieris, 1973
P N+ Hamm and Hansen, 1982
" drechsleri Tucker E - Campbell and Hendrix, 1567; Marks
and Kassaby, 1974; Pratt and Heather,
1973a; Shepherd and Pratt, 1973
E N+ Marks and Kassaby, 1974
P F+ Heather and Pratt, 1975
P N+ Heather et al., 1977
" megasperma Drechs. B N+ Marks and Kassaby, 1976
P N- Gilmour, 1966
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" nicotianae var. parasitica Dast.

megasperma var. sojae

nicotianae Breda de Haan
var. nicotiance

" syringae (Kleb.) Kleb

Pythium acanthicum Drechs.

" acanthophoron Sid.

" anadrum Drechs.

aphanidermatum (Edson) Fitzp.

" debaryanum de Bar.

" deliense Meurs

" echinulatum Matt.

helicoides Drechs.

hemmanianum Hesse

" hypogynum Middl.

" Intermedium de Bar.

iweyamai S. Ito

irregulore Buis.,

mamillatum Meurs

' mastophorum Drechs.

" middletoni Spar.
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myriotylum Drechs.
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Shearer et al., 1987; Davison and
Bumbieris, 1973
Davison and Bumbieris, 1973

Shearer ef al, 1987
Belisario, 1990, Shearer et al., 1988
Davison and Bumbieris, 1973

Pratt and Heather, 1973a
Shearer et al, 1988

Newhook, 19508
Newhook, 1959

Davison and Bumbieris, 1873;
Hocking, 1968
Vaartaja and Salisbury, 1961

Pratt and Heather, 1973a
Darvas et al., 1978

Wardlaw and Palzar, 1885
Davison and Bumbieris, 1973

Huang and Kuhiman, 1990

Marks and Kassaby, 1874

Marks and Kassaby, 1974
Vaartaja, 1967

Otrosina and Marx, 1975

Darvas et al,, 1978; Vaartaja, 1967
Vaartaja and Salisbury, 1961

Pratt and Heather, 1973a
Sharma et af., 1985

Vaartaja, 1967
Vaartaja, 1967

Campbell and Hendrix, 1967
Darvas et al., 1978
Darvas et al., 1978

Vaartaja, 1967
Vaartaja, 1967

Vaartaja, 1967
Vaartaja, 1967

Marks and Kassaby, 1974

Marks and Kassaby, 1974; Vaartaja,
1967

Davision and Bumbieris, 1973; Lorio,
1966; Ostesina and Marx, 1975

Linde et al., 1993

Vaartaja, 1967

Marks and Kassaby, 1974
Vaartaja, 1967

Davison and Bumbieris, 1873
Vaartaja, 1967

Davision and Bumbieris, 1873
Pratt and Heather, 1973a

Sharma et al., 1985
Vaartaja, 1967
Vaartaja, 1967
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" oedochilum Drechs. E
" oligandrum Drechs. P
" periplocum Drechs. B
P
" pyrilobum Vaart. E
P
" rostratum Butl. E
P
" spinosum Saw. P
" splendens Braun E
E
E
P
P
" sylvatieum Camp. & Hendr. p
" ultimum Trow E
E
P
" ultimum var. sporangiiferum Drechs. E
" vexans de Bar, E
P
" violae Chest. & Hickm. B
P
P

F- Pratt and Heather, 1973a

j o8 Davison and Bumbieris, 1973

N+ Vaartaja, 1967

N+ Vaartaja, 1867

N+ Vaartaja, 1967

N+ Vaartaja, 1967

N- Vaartaja, 1967

N- Vaartaja, 1967

N- Campbell and Hendrix, 1967

P Pratt and Heather, 1973a

N+ Vaartaja, 1967

| Linde et al., 1892

F- Lorio, 1966

N+ Campbell and Hendrix, 1967; Vaartaja,
1987

N+ Campbell and Hendrix, 1967

i Marks and Kassaby, 1974

N+ Marks and Kassaby, 1974; Vaartaja,
1267

N+ Vaartaja, 1967, Vaartaja and Salis-
bury, 1961

- Pratt and Heather, 1973a

B- Marks and Kassaby, 1974

- Davison and Bumbieris, 1973; Loric, 1966

N+ Vaartaja, 1967

B Davison and Bumbieris, 1973

N+ Vaartaja, 1967

*P=_Pinus spp

E = Eucalyptus spp.
F = Forest

N = Nursery

+ = pathogenic

= non-pathogenic
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