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Abstract

Root and soil samples from Eiealypre and Pinis plantations taken during routine survevs of South
Atrican forestry areas during 19901992, viclded various species of Pythren and Phytophthora. These
include three species of Phyrophehora and 20 specics of Pyebinne. Six of these Pythinm species have nat
previously heen recorded in Souch Africa. The pathogenicity of the Pythinm and Phyiophthora spp.
collecred during the surveys was tested on established Ewcalyptus festigata and a clone of £ grandis.

Key words: Encalypis — Pinus — Phyraphithora — Pychuem = pathogenicity.

1 Introduction

South Africa is poorly endowed with natural forests and, cherefore, plantatons of suitable
exotic spectes have been established for timber and paper production, The forestry industry
is one of the largest and fastest growing secrors of the South African cconomy (ANONYMOUS
1992), Land unlized for forestry extends over an area of 1.5 million ha (var pEr ZEL 1994)
and includes mainly plantations of Pives spp., Excalyptns spp. and Acacta spp. Pinss and
Ewcalyptaes spp. are extensively cultivared in more or less equal proportions and comprise
90% of the total forestry operation (ANONYMOUS 1990), Because of the monoculiure
system used, diseases could result in reduced productivity (WESTE 1983; WinGFIELD ot al,
19911, Lictle, however, is known of the reot diseases associared with exotic forest-tree
species in South Africa

Various species of Pyehiven (P and Phytophifbora (Ph.) have been associated with damp-
ing-off and root diseases of Pinws and Ewcalyptus spp. under nursery conditions (VaaRTA A
and SALISBURY 1961; VAARTAJA 1967; MARKS and Kassaby 1974). Phytophthora cin-
namont Rands and Phytophthora oyprogea Pethybr, and Laff. are the two most important
oomycetous pathogens associated with Ewcalyptas and Pisses spp. under field conditions
(NeEwnook 1959 Popcer and Batma 1971; Marks and Kassany 1974 BUMBIERLS 1976;
HEATHER et al. 1977; PODGER 1978; Hamm and Hansen 1982), The importance of Ph,
ctnnamonsi in forestry isexemplified by the disease of Encalyptus marginata Sm, in western
Ausrralia (PODGER e al, 1965; WESTE 1974; SHEA er al. 1982), licdeleal disease of Pinns
echimata Mill, and Pires taeda L. in the south eastern USA (LORIO 1966), Pinws radiara D.
Don. die-back in New Zealand (NEwHOOR 1959), chestnur decline in the USA and Europe
{CRANDALL 1950; GRENTE 1961), nak decline in Iberia (BRASIER 1992), and red-oak disease
in France (RoBin et al. 1992).

I contrast ta Phyropbthora spp., Pythinm spp. are generally not associated with root
diseases of established Ewcalypens and Pimss spp. (MARES and Kassapy 1974, 1976). This
is despite the fact that Pythinm spp. have frequently been assoctated with diseased Encalypons
and Pinws spp. in the past (Davison and BUMBIERIS 1973; PraTT and HEATHER 1973;
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MAaRgS and Kassasy 1974; OTROSINA and MARX 1975; GERRETTSON-CORNELL e al,
1979). However, PRATT and HEATHER {1973) suggested that Pythinm and Phytophthora
spp, can act either singly or in combination with Ph. cinnamomi o cause die-back of
Ewcalyptus trees. LORIO (1966) also suggested that Pythinm splendens Braun, Pythinm
vexans de Bar. and Pythium irregulare Buis. in association with Ph. dmmamoni, may play
an important role in P, taeda decline in Louisiana, However, the first evidence of a Pythinm
species, namely P splendens, being pathogenic to Excalyprus under field conditions, was
presented in South Africa (LINDE et al. 1994h),

Phytophthora cimamoni has previously been associared with a roor disease of Excalyprus
and Pinss spp. under nursery conditions in South Africa (DONALD and vON BROEMBSEN
1977; DARVAS et al. 1978; vON BROEMBSEN 1981; 1984). Pyrhium spp., in particular P,
frregulare and P, wltimam Trow, are well-known damping-off pathogens of Pinws spp.
(DDARVAS et al. 1978). P. drregnlare has also been associated with the death of Pinus patula
Schlechr. and Cham. during establishment (LiNDE e al, 1994a). However, Ph. cimnamoni
and the more recently recorded P. splendens, ave the only vomycetous fungi associated with
diseases of established Pozses and/or Encalyptus spp. under field conditions. Ph. connamomi
has been associated with root diseases of Excalyptus fastigata Deane and Maid. and Euca-
Iyptus fraxinoides Deane and Maid. in the south eastern Transvaal (WINGFIELD and KNOX-
Davies 1980) and Pinas dawse Chapm. and P. vadiata in northern Natal and the south
eastern Cape Province (WiNGFIELD and Knox-DAVIES 1980 von BROEMESEN 1984)
P. splendens hag been associated with 2 root disease of 1-2-vear-old Excalyprus grandis
Hill ex Maid. seedlings in northern Natal (LINDE et al. 1994h).

The objective of this study was to determine which species of Pythium and Phytophthora
are present in South African eucalypt and pine plantations. Pathogenicity of these species
on established Ewcalypeus trees was also of interest

2 Materials and methods
2.1 Isolation and identification

Duning routine surveys in the summer of 1990-1992, soil, as well as roor samples, were
collected from Encalyptus and Pinus trees with root-disease symproms. Soil and root samples
were taken from four trees per site. One sail sample was sampled in the rhizosphere of each
discased tree. For soil samples, the tap 5 em of soil was removed and approximazely 1 kg
of soil sampled at 4 depth of 5-25 cm. Root samples consisted of diseased sections of
adventitious roots with feeder roots. A total of 424 trees were examined for the presence of
Pythism and Phytophtbora species,

The six arcas from which samples were collected (Fig. 1) included certain areas with
specific root-disease problems: Natal Midland, area | (E. spoithii Donn. ex Smith root
diseace); Zululand, area 2 (root disease of 1-2-year-old £ grandis trees); South eastern
Transvaal, area 3 {E. fastigata dic-back, as well as I-vear-old . dunnn Maid., £ macarthuri
Deeane and Maid,, and an £, grasdis hybrid root disease); Eastern Transvaal Lowveld, area
4 (E. smathn root disease), The other areas (Fig. 1) had no specific root-disease problems in
pines and evcalvpts,

Each soil sample was divided into two parts and separately baited with Citres leaf discs
(GriMM and ALEXAaNDER 1973), Distilled water was used ta flood the soil ta adepth of 1-
2em. A total of 10 Ciress leaf dises (5 mm diameter) were floated on the water surface of
vach sample. After 2 days of incubation at room temperature, half of the leaf dises were
transferred 1o a selectve medium for the isolation of Clomyceres (Tsa0 and Ooama 1969),
and the other half o 2 hymexazol medium for the isolaton of Phyrophthora spp. (Tsa0
and GUY 1977). Roots and root collar segments were tharoughly washed in running tap
water and plated onto both selective media. Transfers were made to Difco Corn Meal Agar
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Fig. !, Forestry areas of South Africa from which samples were colleced: 1. Natal Midlands; 2. Morthern
Matal (Zululand}, 3. South eastern Transvaal; 4. Eastern Transvaal {Lowveld); 5.6. North eastern
Transvaal {Fighveld)

(CMA) for idencification, The recovery of each Pythinm and Phytophthora sp. from soil
and root samples was quantified by determining the number of trees per area examined
from which at least one leaf disc (soil sample) or one root segment (root sample) was
infected by a given species of Pyebéiern or Phytaphthora.

Asexual and sexual fruiting structures were stimulated 1o develop, using non-sterilized
Petri’s solution (Tucker 1931). Chilling was used to stimulate zoospore formation and
release (MEMYONGA and Tsao 1966). Heterothallic species were sumulated to produce
sexual structures by crossing with tester strains of known mating types, Isolates were
identified based on morphological and cultoral characteristics using the key deseribed by
Stamrs et al. (1990) for Phytephthora spp. and the key deseribed by van pER PLAATS-
MNITERINE (1981) for Puthien spp.

The pathogemcity of the Pyehive and Phytaphthora isolates (Table 1) was tosted on
established £, fastigata and a clone of E. grawdis, These host species were included due o
their previously reported susceptibility to Ph. ainamoni and P. splendens, respectively, in
South Africa (WinGFELD and KEnox-Davies 1980 LiNDE et al. 1994h),

2.2 Field inoculation trials

Each of 20 species of Pyebin and three species of Phytapbthora collected, were artificially
inoculared on established Eucalyprus trees. A single isolate of each species was used except
i the case of Ph cnmamomi, P splendens and Poodvregadare, where two isolates were
included. Tnoculum of these species for pathogenicity tests was produced by growing the
fungi on CMA for 1 week at 25°C in the dark.

A roral of 10 wees each of the two different Fucalyptns hosts were inoculated with the
fungi during the first week of February, 1992, The tral was repeated ar the same time in
1993, Inoculation during summer was conducted because trees are known o be most
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Table 1. Origin of Phythium (P.) and Phytophthora (Ph) isolates used in pathogenicity tests. Geo-
graphic origin of isolates, 1=Natal Midlands; 2 = Northers Natal (Zululand) 3 =South eastern

C. Linde, 5. H. [ Kemp and M. |, Wingfreld

Transvaal; 4= Eastern Transvaal (Lowveld); 5, 6 = North eastern Transvaal Highveld

Species

e,

Fost

Chagin

Ph. boshmeriae Saw.
Ph ennaroms Rands
Ph. cnnamonis

P parasitica Dast,

P acanthophoron Sid.
P. amgastation Spar,

oo

hypagyrien Middl,
inrermedinm de Bar.
arreguedare Buis,
rrepsthare
mivrintylam Drechs,
‘tl_'}ln'!'a!;s:m Vst
rostratnm Butler

spinosm Saw,
slerdlers Braun
splemdens
taredicrescens Vanterp.
vexans de Bar,

AEEEEEERRRRETR

Pythiwm Group B
Pyt Group G
Pythrigm sp. |
Ptk sp |
Pyithinm sp. 2

P aphdridermatum (Edson) Fitzp.
. bagsmaniae van der Plaars-Nit

salpingapharim Divechs.

P, winkae Chest. & Hickm.

p— g kR s i (R ok . P s

E. dunnii routs
E. fastigata roots
E. fastigata roots
Erncalyptos sp, sail
P, elfiori sol

P ellinge soil

E. grandis soil

P patwla soil

£, grands soil

P. ellateii soil

P patwla roots
E. grandis roots
E. grandss soil

P, patwla roots
E. grandis = E. nitens soil
£, smithir

E, snisthii roots
E. grandis moots
E, pramdis roots
E. prandis soil

E_ grandis soif

E. srmithii soil

P, patula roots
E, grandi sml

P, patnla soil

P patsla soil

E. pramdis sml
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suseeptible to fungal invasion in summer (SHEARER et al. 1988), The trees to be inoculated
included a 2-year-old clone of E. grandis near Kwambonambi, northern Natal (Natal £,
grandis clone), and a 3-vear-eld E. fastigata near Lothair, south eastern Transvaal,

A 10-mm corkborer was used to make 2 wound on the stem of cach tree at 1.3 mabove
the ground. Wounds were inoculated with 10-mm discs of CMA and colonized with the
test fungi. From each host, 10 control trees were inoculared with a sterile CMA dise,
Wounds were sealed with masking tape. Lesion development in the secondary phloem
{inner bark; TIrrETT e al. 1983; SHEARER et al, 1987) and 1he outer bark were measured
afrer 5 weeks to give an indication of the pathogenicity of each isalate.

2.3 Statistical analysis

MNumerical data obtained in this study were statistically analysed for variances and dif-
ferences among isolates and hosts. Means were tested for significance using Tukey's pro-
cedure for comparison of means (STEEL and ToRRIE 1980). The asgressiveness of the
Pyibiwm and Phytaphthora species wo F, fastipata and E. grandis in the 1992 and 1993 trials
was correlated using the Spearman’s-rank correlation coefficient (r; STEEL and Tommr
1980),
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3 Results
3.1 lselation and identification

A rotal of 20 Pyecbaem spp. and three Phytophehara spp. were isolated and identified. Six of
these species are reported for the first time in South Africa (Table 2). A number of isolates
formed only sporangia or hyphal swellings, and did not produce cogonia, despite pairing
with possible compatible mating strains. Thoese isolates with filamentous non-swollen spor-
angia were identified as Group F, and isolates with globose non-proliferating sporangia
were identified as Group G (VAN DER PLAATS-NITERINE 1981). Isolates representing two
species of Pythrens could not be assigned 1o known taxa.

Table 2. Pythium (P.) and Phytophtbhora (Ph.) spp. isolated from Escalyptus and Pimus forestey areas
in South Africa

Specics Area' Associated tree
Fh, boelmeriae Saw, 3 E. dummii Maid.
3 E. macartburii Dieang and Maid.
i E. grandic Hill ex Maid
Ph. annamoni Rands 3 E. duniii
3 E. fastigata Deanc and Maid.
3 E. macarthur]
3 E. srerthii Donn ex Smith
Ph, parasieica Dast 3 E. smithii
L. acanthuphoran Sid. 2 £, elliorty Clapm,
P anprstalion Spar. z P elfiotti
B .-x}vbarm'a'crmﬂum {Edson) Fitzp. 4 E. grandis’
P, badsmaniae van der Plaas-Nic 4 Popatila Sehlecht, and Cham,
P, bypogymeem Middl, 2 E. grandis
P, ntermedien de Bar. 2 P elfiaptil
P jrregalare Buis. &'
£ myrintyphien Drechs, 4 E. grandis’
B, Pyrilobum Vaare, l P patula
P postraturm Butl, 2 £ elliorty Chapm,
X E. grandss = E. nitens
' salpimgepherum Drechs. 4 E. smithit
P spinogim Saw, 4 E, spuithii
£, spiendens Braun 2 £, grandis
2 E. smithii
P ravdicrescens Vaneerp, 1 E, grandist
P, wexans de Bar, 2 E, grandis’
2 E. grandis
P winlze Chest. and Hick. 2 £, smithi
Pythriwr Group F -5
Pythiwm Group G 2 E. gramdis’
Pythiwe sp. | 1 E. grandis’
Pytdrigeent sp. 2 2 E. grandis’
' Arcas represent those illustrared in F}:. 1
L E. grandis includes various clones and hybreids of £, gramdss
"Mew repores for South Africa
'Species were isalated from every area stated in Fig. 1. The host list includes various Ewcalypius
and Prrwes spp. cultivazed in Sourh Africa




350 € Limde, G H, |, Kerp and M. [, Wingfield

Most of the Pythisn spp. were isolated from soil and not from roots (Table 3. Pythinm
:rrw_gm'.'dr{: P splendens and Pythien Group Fwere frequently isolated from roots of their
respective hosts. Ph. boehmeriae and Ph. cinnamoni were also consistemtly isolated from

soil as well as from roots (Table 3) in south eastern Transvaal,

Table 3. Percentage isolation of Pythiwm (1) and Plytophthera (Ph.) spp. from soil and roots of
Encalypius and Pinsns spp, in six different arcas of South Africa

Ma. of positive samples

' Arias are the same as those indicated in Fig, |

*Each value represents the total number of samples examined from a specific area.

Spesigs’ Mo, trecs Sail Roors
Arveal 8
P frregnlere 2 |
. rardicrescens 3 Q
P‘Hﬁ:'um Group F 7 b
pyrilobmm 2 2
yr tiem sp. | 4 0
Areal 212
P, acanthophoras 12 2
P angustatum 2 o
P, bypogyricn 3 o
P, mrrermedinm 45 o
P irrepalare 115 33
P, rostratint 63 +]
£ splendens (7 54
P vexans 78 g
P wiolae | 0
Pyehinm Group F 175 8
Pyibivm Group G 37 h
Pythinem sp. 2 16 |
Ared d 92
Pl bochmeriae 2 13
Ph, cinnamonis 0 62
P, paresitica K] |
P oirregnlare 2 9
Pythiwm Group F Z 20
Area 4 Ha
P aphanidermatum fy Q
P, baisrnariac 4 )
P irregulare 12 1
P, myriorylum 17 o
P, salpingopborim iR M
P, spinosum 43 G
Pyehinm Group ¥ 73 52
Arca 5 4
P, rostratist 4 |
Pytlinm Group F 7 7
Arca b 3
. irregnlare 2 I
Pythinn Group F 7 &
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3.2 Field inoculation trials

Rapidly developing lesions associated with kino-vein formation in susceprible hosts were
observed in both Phytophthora and Pythinm inoculations. Results of pathogenicity tests on
the £. prandss clone, indicate that the species of Pythivrr and Phycophthora fall into three
groups based on their aggressiveness. The first group included P. pyrilobum, Ph. cmnamomi
(1}, P. splendens (2), P. splendens (1), Ph. parasitica, Ph. annamomi (2), P. vexans, P,
aphanidermatim and P, intermiediam. Ph. bochmeniae, Pythinm Group G, Pythuom sp. 2,
Fomyriatylaen, P irveguelare (20, and Psalpmgopharnm also produced lesions which differed
significantly (p = 0.01) from those of the controls and made up the second group of
pathogenic fungi. The retmaining species (P rostratam, . spinosiem, Pythiwm Group F, P,
buzsmaniae, P irregulare (1), P. acantbophoron, P. violae, P. bypogynum, P. angustatim
and P. tardicrescens did not differ significantly from the controls and compnse the third
group, Apart from the 10-mm inoculation wound, no lesions developed in control inocu-
lations (Table 4).

Species of Pythrum and Phytophthera could also be divided into three groups, based on

Table 4. Phloem lesion development on E. fastigata and a clone of E. grandis, 3 wecks afier
inoculation with species of Phytophtbora (Ph.) and Pythium (P.) Each value represents an average

of 10 trees
Leswon lengeh (mm) Lesion length (mm)
Speaicy E. pramdi clang! Species E, fustigara’
F. pyrilobum 149 Ph. cinnamani (1) 615
Ph. cimnamon (1) a7 Ph. conmamomi (2) 518
P. splendens (2) 13 Ph. parasitica I
P splendens (1) 132 P splendens (2} 370
Ph. parasitica 115w P, iplendens (1) 314
Ph. cmnamon (23 [ |4l Ph. bochmeriae 255"
P wexany f Optat P irregudare (1) 243
P aphanidermatim i P vexans 2240
P. mermedienm gy Pythyum sp. 2 1891
Ph, bochmeriae Gy deteh P acanthophoron 1745
Pythinm Group G ¥l Pythinm sp. 1 (25
Pythinm sp. 2 T P. irregalare (2) 17 e
P myriacylurm Fhuit P pyrilobim 17
P, irvegulare (2) 7 3hee Pyibinm Group G L e
P salpmgophorim bkl P myrintylem 13kt
P rostratem gigehedel P, salpingophorum 1340
P. spinoswm Gt P mtermedinm 1 33sheld
Pythiwm Group F Sy P. angustatum 7 Lol
P, buismaniae Y o B bypogynam P T nl
Pythinm sp. 1 5] E. spanosum 116
P. irregalare (1) gl P. ardicrescens 105
B acanthophoron H B aphanidernatim 1=l
P vivlae e P. bussmaniar b
P bypogynum Jyebd P voseratien B
P. angustatiom .7 Ll Pythinm Group F -
P. tavdicrescens it P. ziolse so*
Control 19 Conrrol 1
“Values in each column followed by different letters differ significamtly a1 p = 0.01 according o
Tukey's procedure for comparison of means
'CV =329%
Ve 27 0%
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their aggressiveness to . fastigata, The first group consisted of Ph. cinnamomi isolates that
resulted in lesions significamly (p < 0.01) longer than those of any other species. Ph.
pavasitica, P, splendens (2), F. splewdens (1) and Ph. boekmeriae, in that order of patho-
genicity, also produced lesions which differed significantly (p < 0.01) from these of Ph.
cimnamon, but were sll highly aggressive o E, fastigata. . trreguelare (1), P. vexans and
Pythinm sp. 2 resulted in lesions longer than those of P, acanthopboran, Pythinm sp. 1, P,
irvegulare (2), P. pyrilobum, Pythiwm Group G and P. myriotviem, which differed sig-
nificantly (p < 0.01) from the control and therefore comprises of an intermediate group of
pathogens. Lesion lengths associated with the remaining species (P salpmgopborum, P,
mtermedinm, P angustatum, P, bypogynuwm, P. spmosum, P. tardicrescens, P. aphan-
idevmatienn, P, butsmantce, P rostratiem, Pyehivm Group F and P, wiolse) did not differ
significantly from controls (Table 4).

3.3 Statistical analysis

Meaningful correlation (p=0.01} between the pathogenicity of the species on E. fastigata
{r,=0.70) and E. grandis (r,=0.88) in the two different inoculation trials were found.
Therctore, enly resules of che first inoeulation trial are presented (Table 4).

34 Lesion-length development in the outer bark

Lesion development in the outer hark of £, fastigaza and a clone of £ grandis inoculated
with Pythiwm and Phytophthora spp. was insignificant or absent in comparison to lesion
development in the phloem. Only Ph. cwnamom: inoculated on E. fastipata was able o
cause outer bark lesions (200 mm) significantly (p < 0.01) longer than those of the control
inoculations where no lesions developed.

4 Discussion

This study has shown thar many species of Pythim and Phytophthora are present in South
African forest soils, though all species present may not have been identified with the
isolation method vsed. Baiting with Creras leaf dises favoured the isolation of fast-growing
Pythiwm and Phytophibora spp., which masked the isolation of slow growing species.
Furthermore, Pythiem spp. like P. irvegulare and P. vexans, were notinhibited by hymexazol
and could possibly have prevented the 1solation of slow growing Phytopbthora spp. There-
fore, to identify all the Pytfiom and Phytophthora spp. present in South African forest soils,
various isolation techniques should be applied {Tsao 1995),

The results of this study suggest that Pytbivm spp. are more comman in South African
forest soils than Phymopbthora spp. Pythinm spp. have a cosmopolitan distribution and are
common soil-inhabiting fungi (van DER PLAATS-NITERINE 1981). The high frequency of
Pythium spp. from soil was, therefore, expected, Very little work has been done on Pychizm
spp. in South Africa, particularly in forestry (WAGER 1941; DARVAS et al. 1978; DENMAN
and Knox-Davies 1992), This probably explains why so many species were isolated for
the first ume in Souch Africa,

Phytophehora spp. including Ph cmnamons, Ph. parasitica and Ph. boehmenae, are
known as pathogens of Pings and/or Ewcalypius spp. under field and nursery conditions
(NEwHOoR 1959 OXENHAM and WinEs 1963; PODGER er al. 1965; Lok 1966; PODGER
and BATING 19715 MARKS and KAssaBy 1974; SHEARER et al. 1988). By cantrast, Pythiem
spp- have only been associated with nursery diseases of Pinus and Excayptus spp. (VAARTAJA
and SALISBURY 19613 VaarTAfA 1965, 1967 CAMPRELL and HeENDRIX 1967: MARKS and
Kassapy 1974; Darvas etal, 1978 The results of this study also support the view that,in
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general, Phycaphtharae spp. are more aggressive than Prthinm spp. on established trees. An
exceprion is found in P splendens which is more or equally aggressive than Ph. cmemamoni
on Excalyptns hosts (LINDE et al. 1994b),

Although Pythiuns and Phytophthora spp. are root pathogens, inoculation of these species
took place on stems and not on roots, This more practical inoculaton procedure was
followed because it was previously shown that stem inoculations of Ph. conmamomi correlate
with root inocolarion (SHEARER et al. 1987).

Inoculation studies on E fastigata showed that Ph cmnamors, Ph. parasitica, Ph.
boebmeviae, P, splendens, P. pvegulare (1), P. vexans, and Pythinm sp. 2 were the most
pathogenic species. In comparison to Ph ciamomi, the Pythinwm spp., excepr for P
splendens, appear to be insignificant. P. frregulare and P, vexins have previously been
associated with pine and Excalyptas decline (Lor1o 1966; Davison and BUMBIERIS 1973
OrrrostNa and MARK 1975), It was therefore not unexpected thar these species would show
some degree of aggressiveness. Lesions produced by pathogenic Pythinm and Phyeophthora
spp. were associated with kino-vein formation which is typical of Phytapbthora infection
(TIPPETT et al. 1983),

Inceulation studies on E. grandis showed that it is 2 host which s more tolerant w0
Pythiem and Phytophthora infection than E. fastigata. Pythiwm pyrilobum weas the most
aggressive species but the lesion it produced did not differ significandy from Ph. cinnamonm,
P. splendens, Ph, pavasitica, P. vexans, P. aphanidermatum and P. irermedium, This par-
ticular clone of E. grandis is therefore not a good host to inoculate when the aggressiveness
of Pythinm and Phytophtbora species are compared,

Only Ph. cumamomi was able to develop significant lesions i the outer bark of E,
Sfastigate, Wo significant differences could be obtained in lesion lengths on the outer bark
inoculated with the other Phytophtbora ar Pyehinm spp. This suggests that bark lesions are
nota useful character on which to base comparisons of aggressiveness among species, Lesion
development in the phloem, as deseribed by TiPPETT et al. (1983}, is @ much more effective
measure of aggressiveness for Pyehiwm and Phytophthara spp.

Pyt and Phytaphthbora spp. tested under field conditions were considerably more
pathogenic to £, fastigara than to E. grandis. These results are consistent with the reported
virulence of Ph. cinnartomi to E. fistigata in South Africa (WinGrELD and KNOX-DaviEs
1982). Although E. fastigars has been shown 1o be more susceptible o Pythiem and
Phytaphthara infection than E. grandis, inoculation studies were also conducted on the
latter species. This was because the cultivation of E. fastigars has been almost terminated
due to its high suscepubility to Ph. annamoenn (WinGHIELD and KNnOx-DAVIES 1982).
Furthermore, 74.2% of all the Excalypraes planted in South Africa are E. grandis (SCHONAU
cral. 1994) and, therefore, the most important Ewcalyptus spp. in the South African forestry
industry,

The Pythim and Phytaphthora species used in this study, were isolated from commercial
forests and not from nurseries. Extrapolation of the results to the nursery situation in South
Africais, therefore, not recommended, Nevertheless, those Pythinm and Phytophthora spp.
that are pathogenic, could play an important role in establishment deaths of E. grandis and
Pges patule under field conditions, as has been found with Pmws patwla seedlings on
previously cultivated lands (LiNGE et al. 1994a). A very commuon Pathinm sp. isolated from
sail and roets of both Excalypius and Pinws spp., namely Pythivm Group F, was not
pathogenic to E. grandis, It is therefore possible that Pythinm Group F is a common
saprophvte that survives in dead roots which died of natural decline.
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Summary

A roral of 20 Pyehinsr and three Phytophtbora spp. were ssolated from root and soil samples from six
areas in eocalypt and pine plantations in South ﬁfri:u_ O these, six Pyivm spp. were reported in
South Africa for the Erst time. Most isolations of these fungi were from soil and not from roets.
Pyehisrn Growp F was most consistently isolated From soil and roots of diseased trees and pears to
be a comman saprophyte in local sails. The species of Pyehiwm and Phyrophthaora isolated inﬁus study
can be divided 1nto groups based on their aggressiveness wo £, grandis and E. fastigaca. The species
MosT aggressive to £, {ai‘u'g,a!.a were Phocmmamaon, Ph, pavasitica, Ph. boehmeriae, and P, splendens.
Oin E, grandis tees, Ph. ciunamon, Ph. pavasitice, P. apbantdecmatom, P, iitermediuns, P, pyrilobam,
P, splendens and P. vexans were the most virulent species. Ph. boebinerice and Pythinm Group G were
also pathogenic but less so than the above mentioned species. Of the most aggressive f{wg}um and
Phytaplithora spp., only Pl citsansams is 4 common species which could be isolated from most of the
forssery areas surveyed in South Africa.

Résumeé

Les espéces de Pythinm et de Phytophthora associées anx Excalyprus e awx Pins en Afrique di Sud

En tout ant £t 20 espéces de Pyediwm et trots de Phycophthora isolées d'échantillons de racines et de
sol dans six plantations d'Euzalvprus et de Pins. Parmi elles, six especes de Pyebivmn sont des premitres
mentions pout I"Afrique du Sud. La plupart de ces champignons dwient issus d'isolements de sol e
non pas de racines. Le groupe F de Pyptbin a éeé presque constamment isalé de sol er de racines
d'arbres malades et apparaissait érre un groupe saprophyte courant dans les sols locaux. Les Pythiom
et Phyeophtlora isalés dans cerre dtude peuvent &re divisés en groupes sur la base de leur agressiviné
vis-a-vis de Encalypins gramdis oo E. faseigata. Les espboes les plus aggressives pour E. fasnigaza Staient
Pl cinnamomi, Ph parasitica, Ph. bochmeriae et P. splendenis; pour £, grandiz Ph gunamomi, Ph.
parasitica, P. aphanidermatunt, P mtermediom, B pynidobnen, P splenders et P, vexans. Le groupe G
de Pythim et Ph. boehmerize dtaient également pathogines mais moins, Parmi les espices les plos
agressives de Pyphivn et de Phytophthora, seul FE Sumaniormi o5t unc eSpice courante qui peut fre
solée de la plupart des zones forestibres fudides,

Zusammenfassung

Mit Evcalyprus snd Provss assorteerte Pythiswm- und Phyrophthorve-Arten m Sidafrika

Insgesamt wirden 20 Pythisms- und drei Phyrophthora- Arten aus Wirzel- und Bodenproben von sechs
Gebieten miv Eucalyptus- und Pinusplantagen in Stdafrika isoliert. Davon sind 5:51: Pythizm spp.
Erstnachweise fir Sdafrika. Die Pilee wurden hauprssichlich aus dem Boden und sicheaus den Wurzeln
isoliert. Die Pythinm-Gruppe F wurde sehr hiuhg aus Boden ond ‘Wurzeln erkrankter Biume ssoliert
und scheme e pewihnlicher Ssprophyt der lokalen Bisden zu sem, Die in dieser Stueie isolierten
Pythim- und Phytophtbora-Arten kinnen sufgrund ihrer Aperessivitr gegentiber Encalypris grandes
und E. fastigats in Gruppen eingeteilt werden. Die aggressivsten Arten auf E. fastigata waren Pk
ciriertemid, Ph, parasitiea, Ph bochmeviaé und P splendens, Aul E. grandis waren dies Ph. cirmamuon,
Ph, ;ar.ws:'n'm, . apbanidermarem, P wtermedium, P pyvilobim, P splendens und P pexans, P,
boehmeriae und die Pyehivm-Groppe G waren chenfails pathogen aber weniger aggressiv-als dic
vorgenannten Arten, "-'r];n den aggressivsten Pythinm- und Phytopbthora-Arten kommt nur Ph, -
mwr:i:-mi allgemein vor und konnte aus den mersten der in S0dafriks unersuchren Forstgebiere soliern
werden.
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