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Introduction

Petri disease(1) in young grapevines is current-
ly of concern to grapegrowers, throughout the
world. Affected young vines are frequently stunt-
ed, with chlorotic, sparse and stunted leaves and

(1) At the general Assembly of the 2nd ICGTD meeting held in
Lisbon 2001 it was unanimously decided that young grapevine
decline, ‘black goo’, Petri vine decline will henceforth be called
Petri disease.
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Summary.    In vitro studies were conducted into the activity of 22 fungicides against Phaeomoniella chlamydospora,
the cause of Petri disease(1).  Mycelial growth of the pathogen was inhibited by the DMI fungicides, cyproconazole,
bitertanol, tebuconazole, fenarimol, myclobutanil and prochloraz, which gave EC50 values of less than 0.2 mg l-1; by
the benzimidazole fungicides, benomyl, carbendazim and thiophanate methyl, which gave EC50 values of less than
0.4 mg l-1; by the anilopyrimidines, pyrimethanil and cyprodinil/fludioxonil, which gave EC50 values of less than 0.02
mg l-1.  The same fungicides had different effects on germination of conidia.  All the DMI fungicides tested were
relatively ineffective with EC50 values greater than 15 mg l-1 for germination.  Of the benzimidazoles, only benomyl
was relatively effective at reducing germination, with an EC50 value of 0.09 mg l-1, whereas the anilopyrimidines,
alone or combined with phenylpyrrole, were effective with EC50 values of less than 0.1 mg l-1.  Kresoxim-methyl,
which is locally systemic, was effective at inhibiting mycelial growth and germination with EC50 values of 0.086 and
0.11 mg l-1 respectively.  Of the contact fungicides tested, most were effective at reducing germination of P.
chlamydospora conidia, since their EC50 values were much lower than the recommended field rates, but these fungicides
were also much less effective at reducing mycelial growth, for which their EC50 values were up to 400 times greater.
The disinfectant, hydroxyquinolene sulphate was highly effective at reducing germination but less effective against
mycelial growth, with EC50 values of 0.002 and 8.5 mg l-1 respectively.  The potential role of these fungicides for
disease management in the nursery and vineyard is discussed.

Key words: grapevine decline, fungicides, mycelial growth, germination.

older vines often decline progressively over a
number of years and may even die, although P.
chlamydospora has not been shown to be the sole
cause of their death. Internal examination of
trunks and cordons of declining vines, shows lon-
gitudinal brown to black streaks and, in cross-sec-
tion, dark spots which ooze tiny pinheads of shiny,
black, tarry substances from cut surfaces (Mugnai
et al., 1999). Several species of Phaeoacremonium
are associated with these symptoms, however
Phaeomoniella chlamydospora is the pathogen
which has been isolated most commonly from af-
fected vines and so is generally considered to be of
greatest significance. It was initially identified by
Crous et al. (1996) as Phaeoacremonium chlamy-
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dosporum but later renamed Phaeomoniella chlamy-
dospora Crous and Gams, after further molecular
(Dupont et al., 2000), pathological and morpholog-
ical studies (Crous et al., 2000).

The development of control strategies for pre-
vention of Petri disease has been restricted because
little is known of how the pathogen infects and
spreads. The pathogen has been found in appar-
ently healthy grape propagation material (Bertel-
li et al., 1998) which has led to speculation about
possible infection routes for P. chlamydospora in
young and mature vines. Cuttings may become
infected either directly from infected source vines
or by contamination of their cut surfaces by conid-
ia of P. chlamydospora. Sporulation has been ob-
served on the surface of deep fissures in vine trunks
and cordons (Edwards et al., 2001). In addition,
Larignon and Dubos (2000) were able to trap air-
borne conidia within a vineyard and showed that
conidia were able to infect through wounds in
grapevine wood. There is potential for the preven-
tion of either infection route by fungicides, either
as wound protectants or by application to propa-
gation material in vineyards, during grafting or in
nurseries. In this study, fungicides were screened
for their effects on spore germination and mycelial
growth of P. chlamydospora, to identify chemicals
for further evaluation for control of Petri disease.

Materials and methods

In vitro tests were conducted using three iso-
lates of P. chlamydospora, which originated from
vines in New Zealand rootstock blocks. The 22 fun-
gicides selected for study were either registered for
use on grapes in New Zealand or were known to be
effective against fungi related to P. chlamydospo-
ra. Stock solutions of the commercial fungicide
products were made by suspending them directly
in 1000 ml in water, while the technical grade
chemicals (chlorothalonil, fenarimol, orthocide,
thiram and thiophanate methyl) were first dis-
solved in 10 ml of acetone, before addition of 990
ml of water as recommended by Tomlin (1994).

Mycelial growth assay

For each fungicide, at least six concentrations
were made, the most appropriate being initially
selected from similar studies reported in the liter-
ature and additional concentrations being added

as necessary, after evaluation of the first six (Ta-
ble 1). For all the fungicides except Switch (con-
tains cyprodinil), final concentrations were made
in molten (50°C) potato dextrose agar (Difco, De-
troit, MI, USA) and 20 ml aliquots were poured
immediately into Petri dishes. Within 2–4 h after
pouring, the plates were each inoculated with three
5 mm diameter discs cut from the actively growing
front of 2 week old colonies of the isolates. For cy-
prodinil, Czapex-Dox agar (Oxoid, Basingstoke,
England) was used because fungicide activity was
reported to be reduced within complex media. In
addition, the 5 mm inoculum discs were cut from
plates on which conidia of P. chlamydospora had
been spread for germination 48 h earlier, because
older mycelia were reported to be resistant to this
fungicide (Hilber and Schuepp, 1996). For all fun-
gicides, three replicate plates were inoculated for
each fungicide concentration, for each of the three
P. chlamydospora isolates. Plates were incubated
at room temperature (16–24°C), subject to natural
light (day length 14–15 h). After 4 weeks, when
colony diameters of control plates were approxi-
mately 40 mm, the diameters of all colonies were
measured and the mean diameter of the three col-
onies on each plate recorded. Mean colony diame-
ters were used to calculate growth rate inhibition
for each fungicide, relative to the control plates.

Conidial germination assay

For each fungicide, a range of concentrations
(Table 1) was made by adding stock fungicide solu-
tions prepared as above, to molten (50°C) 1.5% agar
(Difco). Ten ml aliquots were poured into three Petri
dishes and inoculated within 2–4 h after pouring.
For inoculation, conidia were harvested in sterile
distilled water containing 0.1% Tween 20, from
colonies grown on PDA at 20°C for three weeks.
The conidial concentration was adjusted to 1�106

conidia per ml before spreading 100 ml aliquots
onto plates of fungicide-amended agar. Three rep-
licate plates were inoculated for each of the same
three field isolates of P. chlamydospora as before,
for all fungicide concentrations. Inoculated plates
were incubated at 20°C for 48 h in dark (foil-
wrapped), humid containers before determining the
frequency of germination. From each plate, three
1–2 cm agar squares were cut out, mounted directly
on slides and examined with a compound micro-
scope at high magnification. Only those conidia
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whose germ tubes were at least the length of a co-
nidium were assessed as having germinated. One
hundred conidia were assessed for germination in
each agar square and mean percent germination,
relative to controls, was calculated for each fungi-
cide.

Data analysis

Because data from the three isolates were sim-
ilar, all data were analysed together, for both the
mycelial growth assay and the conidial germina-
tion assay. Means were plotted against log10 val-
ues of the fungicide concentrations. Probit analy-
sis was used to fit curves and to calculate the EC50

values (concentrations of the fungicides which re-
duced mycelial growth by 50%) and their 95% con-
fidence limits (Table 1).

Results

The systemic fungicides tested were relatively
effective at inhibiting in vitro mycelial growth of
P. chlamydospora since most gave low EC50 values
(Table 1). Of the DMI fungicides, all gave EC50 val-
ues of less than 0.2 mg l-1, except for triforine, which
gave an EC50 value of 19.3 mg l-1. The benzimida-
zole fungicides were effective with both benomyl
and carbendazim giving EC50 values of less than
0.08 mg l-1, while thiophanate-methyl gave an EC50

value of 0.31 mg l-1. For the anilopyrimidines, py-
rimethanil and cyprodinil/fludioxonil, EC50 values
were less than 0.02 mg l-1. In the germination as-
say, the systemic fungicides gave much higher EC50

values, indicating that they were less effective at
reducing germination than mycelial growth. Of the
DMI fungicides, only prochloraz, triforine and fe-
narimol gave EC50 values less than the recommend-
ed rate of dilution for field use on grapes and fruit.
Bitertanol, flusilazole and tebuconazole gave very
little reduction in germination even at 1000 mg l-1,
the highest concentration tested. Of the benzimi-
dazoles, only benomyl was highly effective with an
EC50 value of 0.09 mg l-1, and carbendazim was in-
effective even at 1000 mg l-1. The anilopyrimidines
tested gave EC50 values of less than 0.1 mg l-1, in-
dicating effective inhibition of conidial germina-
tion.

Of the contact fungicides tested, most were high-
ly effective at reducing germination of P. chlamy-
dospora conidia, with EC50 values that were much

lower than the recommended field rates, but these
fungicides were much less effective at reducing
mycelial growth, for which their EC50 values were
up to 400 times greater. The phosphorous acid salts
tested were ineffective at reducing mycelial growth
and germination with EC50 values of 2,140 and 785
mg l-1 respectively. Since phosphorous acid fungi-
cides are believed to act against a number of path-
ogens by eliciting induced resistance responses
from the host, this result was not unexpected (Fenn
and Coffey, 1984). The commonly used disinfect-
ant of grapevine cuttings, hydroxyquinolene sul-
phate, was highly effective at reducing germina-
tion but not mycelial growth, with EC50 values of
0.002 and 8.5 mg l-1 respectively. The strobilurin
compound, kresoxim-methyl was effective at low
concentrations with EC50 values of 0.09 and 0.11
mg l-1 for mycelial growth and germination respec-
tively, however it is not currently registered for
grapes in New Zealand.

Discussion

The systemic fungicides tested in this study
gave similar results to those described in the liter-
ature. A recent mycelial growth study of P. chlamy-
dospora sensitivity to 12 fungicides in vitro (Groen-
wald et al, 2000), found similar EC50 values for eight
of the fungicides (benomyl, chlorothalonil, fenari-
mol, iprodione, kresoxim-methyl, prochloraz, tebu-
conazole and thiram) reported here. Di Marco et
al. (2000) reported that on PDA amended with 300
mg l-1 of the chemical phosphorous acid, mycelial
growth of P. chlamydospora was reduced by 40%,
which indicated a significantly greater effect than
that reported here using the fungicide Foli-R-Fos
400, which contains potassium salts of phospho-
rous acid. The same authors reported that in tri-
als of fungicides for reduction of esca and Petri dis-
ease symptoms, the phosphorous acid fungicide
Fosetyl Al in foliar application, and both Fosetyl
Al and DMI fungicides in trunk injections, gave
variable results. It was concluded that these treat-
ments showed promise if used in young vines in
the early stages of infection.

In other similar studies with fungi related to P.
chlamydospora, similar EC50 values were reported
for mycelial growth. For the anilopyrimidines, the
EC50 values for mycelial growth of P. chlamydospo-
ra were within the sensitive range listed for Bo-
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trytis cinerea (Hilber and Schuepp, 1996). For the
benzimidazoles, the EC50 values were similar to
those described for Sclerotinia homeocarpa, B. ci-
nerea (Grindle, 1981; Burpee, 1997) and Cryphonec-
tria cubensis (Conradie et al., 1992). The EC50 val-
ues of the DMI fungicides tested here were also
within the ranges reported for sensitive fungi (0.3-
0.5 mg l-1) by other authors (Grindle, 1981; Con-
radie et al., 1992; Parker and Sutton, 1993; Her-
man and Gisi, 1994; Burpee, 1997; Liggit et al.,
1997), except for triforine which gave a higher EC50

value (19.3 mg l-1) in this study.
These results indicated that some systemic fun-

gicides may inhibit internal spread of P. chlamy-
dospora within vines, thereby reducing symptom
development in vines affected by Petri disease. It
is possible that regular foliar application of sys-
temic fungicides to young vines, particularly dur-
ing periods of environmental stress, may enable
them to overcome the effects of the pathogen dur-
ing the establishment stage, when P. chlamydospo-
ra has been reported to cause greatest losses. Ap-
plication of systemic fungicides to infected vines
in the source blocks from which vine cuttings are
taken annually for new plants, may restrict spread
of the fungus within vines, thereby preventing in-
fection of all shoots throughout their length. This
may allow some healthy cuttings to be harvested
from infected stock and so reduce the rate of infec-
tion within the planting material entering new
vineyards. Greenhouse and field studies should be
conducted to determine whether the DMI, benz-
imidazole and anilopyrimidine fungicides, which
are registered and routinely used for control of
powdery mildew or Botrytis rot in grapes, are also
effective in protecting vines against the effects of
Petri disease.

For the contact fungicides tested, the EC50 val-
ues for mycelial growth of P. chlamydospora were
greater than those reported for other similar fungi
(Conradie et al., 1992; Smith and Black, 1993).
However, many of these fungicides were highly ef-
fective at reducing germination of conidia, with
EC50 values much lower than their field rates. The
efficacy of these contact compounds in reducing
conidial germination indicates a potential for them
to be used as wound protectants. Some of the ef-
fective systemic compounds, especially the anilopy-
rimidines and benomyl may also be effective in this
role. Benomyl is registered for use as a wound paint

in grapevines in the USA, but not in all grape-grow-
ing countries world-wide. It is used at high rates
(0.5-1.25% active ingredient), applied directly to
fresh pruning wounds, and has been shown to re-
duce infection by Eutypa lata by up to 80%.
Munkvold and Marois (1993) examined the effects
of benomyl and several DMI compounds for activ-
ity against E. lata both in vitro and as wound pro-
tectants in grapevines. They found that fenarimol,
myclobutanil, flusilazole and benomyl all gave EC50

values of less than 0.55 and 1.1 mg l-1 for mycelial
growth and conidial germination respectively.
These compounds were also effective at reducing
infection of grapevine wounds except when rain
occurred within a few days of application, with only
benomyl and flusilazole being sufficiently rainfast
to give good protection.

The compound hydroxyquinoline sulphate is
used in New Zealand and in the USA as a disin-
fectant soak for grapevine cuttings, to prevent in-
fection by B. cinerea and the crown gall bacteria
Agrobacterium spp., in cool storage. In this study,
hydroxyquinoline sulphate was found to be highly
effective at reducing germination of P. chlamy-
dospora conidia, with EC50 and EC95 values of
0.0015 and 0.03 mg l-1, respectively, indicating that
it may provide valuable protection against infec-
tion during plant propagation processes.

The fungicides identified as being effective
against P. chlamydospora in this investigation, may
have potential to protect vines from the effects of
this pathogen. The strategies and methods of fun-
gicide application need to be determined experi-
mentally on vines of all ages. Although the disease
cycle for Petri disease has not been fully elucidat-
ed, recent studies have reported probable routes
of infection and spread and these are sufficient to
allow field and greenhouse trials to be attempted.
The potential fungicide strategies identified by this
study should be investigated in the search for so-
lutions to the problem of Petri disease, for which
there is a serious need, worldwide.
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