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Introduction

Seiridium cardinale (Wagener) Sutton and 
Gibson, is a fungal pathogen that causes a bark 
canker in Cupressaceae, a serious disease that 
has become pandemic in many temperate re-
gions over the last five decades (Panconesi, 1990; 
Graniti, 1998). The incidence and severity of S. 
cardinale attacks have been particularly high in 
the Mediterranean area, where the disease has 
caused heavy damage especially to Cupressus 
sempervirens L., widely cultivated in woods, 

windbreaks, ornamental plantations and nurs-
eries, threatening to alter the appearance of the 
landscape and with heavy economic losses being 
reported (Xenopoulos and Diamandis 1985; CAB-
EPPO 2003; Tsopelas et al., 2007). S. cardinale is 
a typical wound pathogen, which enters and colo-
nises the cortical tissues through physical injury 
caused to the bark by frost, hail, birds and insects, 
especially bark beetles of the genus Phloeosinus. 
Often very small lesions occur at the twig axils 
where the bark is particularly rich in parenchy-
mal tissues. Control of the disease has been based 
on integrated pest management strategy which 
includes sanitation aimed at reducing the inocu-
lum sources in woods and plantations by eliminat-
ing infected trees or by cutting off infected organs 
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Summary. Bark canker caused by Seiridium cardinale is the most destructive disease of Cupressus and 
several Cupressaceae in many temperate regions and particularly in the Mediterranean area. Chemical pre-
vention represents the most effective and essential means of control to protect plant production in nurseries 
and young plantations. The European Directive 2009/128/CE and CE 1107/2009 application have drastically 
reduced the number of chemicals that can be used in agriculture, including the benzimidazolic compounds 
that had shown the best results in preventing S. cardinale canker. It is therefore urgent to find alternative 
fungicides to replace the banned compounds. The purpose of the present work was to assess some fungicides 
through in vitro tests and pre- and post-inoculation sprayings on Cupressus sempervirens, for the control of S. 
cardinale. The active ingredients boscalid, fosetyl-aluminium, triadimenol and azoxystrobin were compared 
with thiophanate-methyl as reference. The effectiveness of thiophanate-methyl in reducing canker develop-
ment was confirmed especially when it was applied to trees before they were inoculated with S. cardinale. 
Azoxystrobin was as effective as thiophanate-methyl in the pre-inoculation trials. boscalid prevented conidial 
germination and mycelial growth of S. cardinale in vitro and appeared a promising contact fungicide for the 
prevention of cypress canker. Azoxystrobin and boscalid are listed in a less hazardous class than thiophanate-
methyl, and has less risk for the environment and for users.
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(Parrini, 2003), genetic improvement of cypresses 
by selecting for resistant genotypes (Raddi et al., 
1990; Pichot et al., 1999; Danti and Panconesi, 
2003; Danti et al., 2006), and chemical prevention 
for the protection of young trees in nurseries and 
plantings. Chemicals are still irreplaceable in the 
nursery where production of Cupressaceae is eco-
nomically significant in the Mediterranean area 
(Ciuti and Biagioni, 1991).

Many studies have evaluated fungicides for the 
prevention and cure of S. cardinale canker in sev-
eral Cupressaceae (Moriondo and Bonifacio, 1969; 
Govi et al., 1975; Bartoloni et al., 1976; Parrini 
et al., 1976; Parrini and Panconesi, 1977; Govi 
and Tunioli, 1977; Panconesi and Parrini, 1979; 
Govi and Deserti, 1980; Marchetti and Zechini 
d’Aulerio, 1982; Panconesi et al., 1984; McCain, 
1984; Panconesi and Raddi, 1986; Parrini and 
Panconesi, 1991; Mallams and Petrick, 2004). Most 
of these studies reported that the best results in 
preventing infection of the fungus were achieved 
with systemic benzimidazolic and thiophanate 
formulas, mixed or alternated with contact fungi-
cides (Parrini and Panconesi, 1977; Panconesi and 
Parrini, 1979; Govi and Deserti, 1980; Marchetti 
et al., 1982; McCain, 1984; Panconesi and Raddi, 
1986; Parrini and Panconesi, 1991; Mallams and 
Petrick, 2004). None of these fungicides were ever 
effective against actively growing cankers.

The repeated revisions of EU Directive 91/414, 
the recent approval of Directive 2009/128/CE on 
the sustainable use of pesticides, and Regulation 
CE 1107/2009 which govern the marketing of plant 
protection products, have drastically reduced the 
number of chemical compounds that can be used 

in agriculture. Also benzimidazolics compounds 
that are effective against S. cardinale bark canker 
have been banned (Benomyl, Carbendazim, etc.).

Seiridium cardinale continues however to be 
a very important pathogen of the Cupressaceae 
in the Mediterranean area (Raft, 2008; Tsopelas 
et al., 2008; Danti et al., 2009). Chemical preven-
tion is an important tool for the control of cypress 
canker, especially in nurseries, where high plant 
density, watering and fertilization favour the 
spread of the pathogen and disease (Parrini and 
Panconesi, 1991). Fungicides are also useful to 
protect young ornamental plantations or monu-
mental trees, that have particular aesthetic or 
historic value (Panconesi et al., 1984). 

The objective of the study was to evaluate the 
efficacy of some fungicides that have not previ-
ously been tested against S. cardinale cypress can-
ker. Both in vitro trials and stem inoculation on 
cypress trees were conducted. Our goal was to add 
new and relatively safe compounds to thiophan-
ate-methyl, the only effective compound that can 
still be used. 

Materials and methods

Active ingredients of the fungicides tested were 
characterised by different action mechanisms 
(Table 1). Thiophanate-methyl was included as a 
reference (Pscheidt and Ocamb, 2001), due to its 
known effectiveness in preventing cypress can-
ker (Panconesi and Raddi, 1986; Mallams and 
Petrick, 2004). Boscalid is a new chemical in the 
anylid class, acting as a contact fungicide, and 

Table 1. Fungicides assessed for control of S. cardinale cypress canker and used in in vitro trials and in tree sprayings. 
Concentration of the active ingredient in the commercial product is shown in parentheses. The product trade names 
are: 1. Enovit Metil® Sipcam; 2. Cantus® Basf; 3. Aliette® Bayer; 4. Bayfidan® Bayer; 5. Quadris® Syngenta. 

Active ingredient Mode of action
Fungicide concentration 

(L-1)a

1. Thiophanate-methyl (70%) Contact and systemic 1.50 g

2. Boscalid (50%) Contact and translaminar 1.20 g

3. Fosetyl-aluminium (80%) Systemic 0.96 g

4. Triadimenol (22.9%) Systemic 0.20 mL

5. Azoxystrobin (22.9%) Contact and systemic 1.00 mL

a Maximum dosage recommended on the product label.
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characterised by a broad spectrum (active against 
Oomycetes, Ascomycetes and mitosporic fungi) 
and a translaminar mobility. Fosetyl-aluminium, 
which promotes the natural plant defences through 
the production of phytoalexins, is characterised by 
rapid absorption and a high mobility in both an 
acropetal and a basipetal direction. Triadimenol 
is a broad-spectrum triazolic compound with an 
acropetal and basipetal systemic diffusion within 
the plant. Azoxystrobin, a strobilurins analogue, 
is a synthetic molecule (natural substances pro-
duced by saprophytic fungi that live on decompos-
ing wood), which also has a broad-spectrum and 
which is partially absorbed by the trees. Boscalid, 
fosetyl-aluminium, azoxystrobin and triadimenol 
are relatively safe and present low risks for opera-
tors and for the ecosystem. Fungicides were used 
at the maximum concentration recommended by 
the manufacturers (Table 1) in both the in vitro 
and in vivo trials.

In vitro trials

Effect of fungicides on S. cardinale mycelial growth
To assess their effect on the growth of S. car-

dinale mycelium in vitro, fungicides were blended 
into 2% molten malt extract agar (MEA) main-
tained at 40°C in a thermostatic bath, and then 
poured into 9-cm-diameter Petri dishes. A 5-mm-
diameter mycelial disc, taken from the margin 
of colonies of S. cardinale (isolate ATCC 38654) 
grown on 2% MEA for 2 weeks at 25° C in the dark, 
was placed in the centre of the fungicide-amended 
2% MEA. Ten replications for each fungicide were 
prepared. Colonies grown on non-amended 2% 
MEA were used as control. The Petri dishes were 
incubated in the dark at 25°C, and two perpen-
dicular diameters of the colonies were measured 
after 3 weeks. 

Effect of fungicides on S. cardinale conidial germi-
nation

Acervuli and conidia of S. cardinale were previ-
ously obtained in 1% MEA Petri dishes containing 
autoclaved cypress seeds after 3 weeks of incuba-
tion at 18° C with a 12 h day under NUV light. 
Masses of conidia extruding from 2–3 acervuli 
were dispersed to a final concentration of 1000 co-
nidia mL-1, to Erlenmeyer flasks each containing 
10 mL of 2% ME plus one of the fungicides, and 
then placed in a stirrer (80 rpm) at room tempera-
ture. For each fungicide, after 24 h, three repli-

cations of 100 μL of the conidial suspension were 
separately pipetted on a slide and inspected under 
a light microscope at 400× to evaluate the number 
of germinated conidia. Approximately 100 conidia 
were examined for each replication. Germination 
of conidia in non-amended 2% ME was evaluated 
as control in the same way.

All the in vitro trials were conducted twice.

In vivo trials

Cypress trees were tested in a greenhouse 
(Temp. 20±5°C; RH, ~80%) to evaluate in vivo the 
effect of each fungicide on S. cardinale canker in 
stem-inoculated ramets of the C. sempervirens 
susceptible clone PM 296 (IPP-CNR collection). 
A group of 192 3-year-old, 80-100-cm-tall grafted 
saplings were grown in pots containing peat, com-
post, and perlite (3:1:1, v:v:v). The saplings were 
subdivided into two groups of 96 each, one for pre-
inoculation treatment and one for post-inoculation 
treatment. 

Pre-inoculation treatment
In October 2009, each of the five tested fungi-

cides was separately sprayed to run off on a sub-
group of 16 saplings. Another subgroup of 16 sap-
lings was sprayed with distilled water as a control. 
For each subgroup, eight saplings were stem-inoc-
ulated with S. cardinale mycelium 10 days after 
treatment; the other eight were stem-inoculated 
20 days after treatment. Inoculations were made 
where the stem had a diameter of about 1 cm, using 
S. cardinale isolate ATCC 38654. A 3-mm-diame-
ter circular plug of bark was removed with a cork 
borer and replaced with a plug of the same size 
from the margin of a colony of the fungus grown 
on potato dextrose agar (PDA) for 2 weeks at 25° C 
in the dark. The inoculation site was covered with 
cotton and wrapped with tape, both of which were 
removed after 1 week (Danti et al., 2006).

Canker length and width (along the stem cir-
cumference), were measured 4 months after inocu-
lation by removing the outer bark with a scalpel 
to expose the necrotic cortical tissue underneath. 
The canker area was measured using the formula: 
π · a · b where a and b are the semi-major and the 
semi-minor axis of an ellipse respectively.

Post-inoculation treatment
In October 2009, 96 cypress saplings were 

stem-inoculated with S. cardinale as above. Five 
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subgroups of 16 saplings where then sprayed to 
run off, each, with one of the fungicide. Eight of 
the saplings were sprayed 10 days after inocula-
tion, and the other eight 20 days after inoculation. 
A control group of 16 saplings was sprayed with 
sterilized water, half 10 days and half 20 days af-
ter inoculation.

Phytotoxicity

The phytotoxic effect of the fungicides was as-
sessed as follows: six saplings were sprayed to 
run off with one of the fungicides three times in 
a month (ten-day intervals), placed outdoors, and 
their crown regularly inspected for foliage discol-
oration, foliage and bark lesions or dead tips. As 
a control, distilled water was sprayed at the same 
intervals on another group of six saplings.

Data were subjected to one-way analysis of var-
iance (ANOVA), Tukey HSD (Honestly Significant 
Difference) was performed for a post-ANOVA 
pair-wise comparison using  STATISTICA® 6.0 
software. Percentages were converted with the 
Bliss formula prior to analysis.

Results
In vitro trials

Effect of fungicides on S. cardinale colony growth
All the fungicides significantly reduced (P<0.01) 

the colony diameter of S. cardinale on 2% MEA, as 
compared to the control (Table 2). Thiophanate-
methyl and boscalid completely prevented colony 
growth. 

Effect of fungicides on S. cardinale conidial germi-
nation

All the fungicides substantially reduced germi-
nation of conidia compared to the control (P<0.01) 
(Table 3). Boscalid was the most effective com-
pletely preventing conidial germination. The least 
effective was Axoxystrobin which reduced germi-
nation by 23.8%.

In vivo trials

Pre-inoculation treatment
When fungicides were sprayed 10 days before 

pathogen inoculation, the resulting cankers were 
significantly smaller (P<0.01) in trees sprayed with 
thiophanate-methyl, azoxystrobin and boscalid 
than in the control trees (Table 4). Triadimenol 
and fosetyl-aluminium did not significantly affect 
the canker size (Table 4).

When inoculations were made 20 days after 
treatment, the smallest cankers again occurred 
in trees treated with thiophanate-methyl; how-
ever, these cankers did not differ significantly in 
size from cankers in trees sprayed with triadime-
nol or azoxystrobin (Table 4). Canker size in trees 
sprayed with boscalid did not differ significantly 
from that in the control trees. 

In trees sprayed with thiophanate-methyl, 
the mean canker area was significantly smaller 
(P<0.01) when trees were inoculated 20 days after 
treatment than in plants inoculated 10 days after 
spraying than when they were inoculated 20 days 
after spraying. (Table 4). In contrast, with boscalid 
the cankers were significantly smaller (P<0.05) 

Table 2. Diameters of Seiridium cardinale colonies on 2% MEA amended with fungicides after 3 weeks at 25°C. The 
control was non-amended 2% MEA. Percentage growth inhibition was determined for each fungicide with reference 
to growth on non-amended MEA (subtracting the diameter of the mycelium plugs). The mycelium plugs used to 
initiate colonies were 5 mm in diameter. 

Active ingredient
Colony

diameter (mm)
SE

Mycelial growth 
inhibition (%)

Thiophanate-methyl   5.0 aa 0.13 100.0

Boscalid 5.3 aa 0.13 99.6

Fosetyl-aluminium 18.6 ba 0.91 81.0

Triadimenol 24.1 ca 0.62 68.5

Azoxystrobin 25.4 ca 0.54 71.4

Control 76.2 da 0.81 _

aMean values with different letters differ significantly (P<0.01) according to the one-way ANOVA HSD test.
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when trees where inoculated 10 days after spray-
ing than in trees inoculated 20 days after spray-
ing. 

Post-inoculation treatment
Cankers in trees sprayed with Thiophanate-

methyl and Azoxystrobin 10 days after inocula-
tions were significantly smaller (P<0.01) than 
cankers in trees sprayed with the other fungicides 
and than those in control trees. In trees sprayed 
with triadimenol, boscalid or fosethyl-aluminium, 
the mean canker size did not differ significantly 
from that of the control trees (Table 5). When trees 
were sprayed 20 days after inoculations, canker 
areas did not differ significantly from that of the 
control trees (Table 5).

Phytotoxicity
None of the fungicides produced visible symp-

toms of toxicity in the trees such as discoloured 
foliage, dead tips, lesions on the foliage or cracks 
in the bark, when sprayed three times a month 
(10-day intervals), at the concentrations indicated 
in Table 1. 

Discussion

Copper compounds were not considered here, 
since previous studies have yielded conflicting re-
sults on their effectiveness against bark canker 
caused by  S. cardinale (Govi et al., 1975; McCain, 
1984; Panconesi and Raddi, 1986; Mallams and 

Table 3. Mean percentages of germinated conidia of Seiridium cardinale after 24 h at room temperature in 2% ME 
amended with one of each fungicide. The control was non-amended 2% ME. Mean values with different letters were 
significantly different (P<0.01) according to the ANOVA one-way HSD test. 

Active ingredient Germinated conidia (%) SE

Thiophanate-methyl 07.9 aa 0.14

Boscalid 00.0 a 0.00

Fosetyl-aluminium 07.2 a 0.05

Triadimenol 11.8 ab 0.10

Azoxystrobin 23.6 b 0.05

Control 77.1 c 0.08

a See Table 2.

Table 4. Pre-inoculation spraying. Mean area of cankers on the stems of Cupressus sempervirens saplings 4 months 
after inoculation with Seiridium cardinale. Plants were sprayed with fungicides 10 or 20 days before being pathogen-
inoculated. Mean values with different letters within each column were significantly different (P<0.01) according to 
the ANOVA one-way HSD test. 

Fungicide
Canker size (mm2)

Inoculation made 10 d after 
fungicide spraying

SE
Inoculation made 20 d after 

fungicide spraying
SE

Thiophanate-methyl 69.3 a a 8.07 23.7 a a 3.36

Boscalid 302.8 ab 19.12 709.5 cd 8.06

Fosetyl-aluminium 787.1 d 16.36 495.2 bc 6.23

Triadimenol 408.7 bc 17.44 245.2 ab 10.18

Azoxystrobin 60.7 a 7.48 264.9 ab 9.01

Control 700.0 cd 9.51 962.3 d 3.52

a See Table 2.
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Petrick, 2004). Copper compounds were also at 
times toxic to cypress (Govi and Tunioli, 1977; 
Mallam and Petrick, 2004). Moreover, in in vitro 
tests, S. cardinale showed low sensitivity to cupric 
ions, which had no effect on either its spore germi-
nation or on radial colony growth even when the 
compounds were applied at concentrations as high 
as 100 g L-1 (McCain, 1984).

All fungicides tested prevented or slowed down 
significantly the radial growth of S. cardinale col-
onies on 2% MEA. Only thiophanate-methyl was 
previously reported to inhibit the growth of S. car-
dinale mycelium in vitro (Panconesi et al., 1984; 
Mallams and Petrick, 2004). The other products 
tested in this study, have not been tested on S. 
cardinale before.

The low conidial germination achieved with 
Thiophanate-methyl contrasts with previous stud-
ies on this fungicide and other systemic benzimi-
dazolics which found that these fungicides almost 
completely inhibited conidial germination of S. 
cardinale (McCain, 1984; Panconesi et al., 1984). 
In those studies these fungicides exerted their 
effect almost exclusively during the processes of 
post-germinative synthesis by mean of a biotrans-
formation in vivo. This discrepancy between our 
findings and earlier studies may be due to dif-
ferences in the experimental conditions. In the 
present work, the germination test was done on 
a liquid substrate containing the fungicide at the 
concentration of 1.5 g L-1, while in Panconesi et 
al. (1984) the suspension containing the fungicide 
was sprayed over solidified agar surface on which 

the conidia had been placed, and concentrations 
from 0.05 to 1.0 g L-1 were used. It is probable that 
the addition of the fungicide to the liquid substrate 
favoured its absorption by the conidia (during the 
swelling) and thus made its effect more rapid, 
hampering germination of the conidia.

The effectiveness of Thiophanate-methyl as 
a preventive agent has been reported in several 
studies (Govi et al., 1975; Parrini et al., 1976; 
Mallams and Petrick, 2004). In the present work a 
single application of this fungicide only produced 
small necrosis. This may have been due to the dif-
ferent experimental procedures adopted here. In 
our study, trees where sprayed with fungicides 
and were stem-inoculated with S. cardinale 10 and 
20 days later. In Mallams and Petrick (2004) trees 
were stem-wounded and treated with fungicide 
24 h before being inoculated, while Parrini et al. 
(1976) and Govi et al. (1975) inoculated the trees 
with S. cardinale and then sprayed them with the 
fungicide at regular intervals.

In this work when Thiophanate-methyl was 
sprayed 20 days before S. cardinale inoculation 
smaller cankers were produced than when it was 
sprayed only 10 days before, thus indicating that 
the effectiveness of the product was time-depend-
ent. Thiophanate-methyl sprays must have been 
absorbed, transformed and accumulated in the 
cortical tissues to a greater extent, after 20 days 
than 10 days after the treatment. This supposition 
is supported by several studies which reported 
that the fungicidal effect of the benzimidazolics 
and thiophanate-methyl on the incidence and de-

Table 5. Post-inoculation spraying. Mean area of cankers measured on the stems of Cupressus sempervirens saplings 
4 months after inoculation with Seiridium cardinale. Plants were sprayed with fungicides 10 or 20 days after being 
inoculated. Mean values with different letters within each column were significantly different (p<0.01) according to 
the ANOVA one-way HSD test.

Fungicide
Canker size (mm2)

Fungicide spraying 10 d 
after pathogen-inoculation

SE
Fungicide spraying 20 d 

after pathogen-inoculation
SE

Thiophanate-methyl 107.5  aa 11.40  743.8 aa 13.32

Boscalid 830.5  d 1.56 853.3 a 11.44

Fosetyl-aluminium 394.1  bc 2.32 307.2 a 21.14

Triadimenol 470.2  bc 13.25 825.4 a 22.46

Azoxystrobin 187.2  ab 6.48 531.2 a 23.34

Control 582.3  cd 18.45 582.3 a 18.45

a See Table 2.
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velopment of various diseases on apple tree, sugar 
cane, cowpea, tomato persisted for some weeks or 
even six months (Cirulli and Montemurro, 1978; 
Sharma and Sohi, 1980; Clifford et al., 1987; 
Malathi et al., 2004). 

When sprayed 10 days before S. cardinale in-
oculations azoxystrobin showed results similar to 
those of thiophanate-methyl but it was less per-
sistent. Compared to the other fungicides, azoxy-
strobin was more effective when applied to trees, 
than in the in vitro trials probably because it was 
more easily absorbed by the trees and more ac-
tive in living tissues. Reuveni and Sheglov (2002) 
similarly reported that in vitro Azoxystrobin was 
less effective in inhibiting mycelial growth and 
conidial germination of Alternaria alternata than 
other fungicides, while it was very effective in the 
field when sprayed on trees to control apple de-
cay caused by the same fungus. Aguín et al. (2006) 
reported that, 1 g L-1 Azoxystrobin added to PDA 
inhibited Armillaria mellea mycelium just as well 
as it inhibited S. cardinale in the present study. 
Azoxystrobin (and all strobilurins analogues) 
inhibits mitochondrial respiration by blocking 
electron transfer at the cytochrome bc1 complex 
(Anke, 1995). Some pathogens induce an alterna-
tive oxidase respiratory pathway making their 
mycelium less sensitive to the strobilurins (Olaya 
et al., 1998; Reuveni and Sheglov, 2002). This al-
ternative oxidase respiratory pathway is utilized 
by fungi growing on agarised media, and this 
could explain why S. cardinale is less sensitive 
to azoxystrobin when growing on MEA amended 
with this compound.

When sprayed after inoculation of S. cardinale 
fungicides generally had no or only minimal effect 
on active growing bark cankers. Only thiophanate-
methyl and azoxystrobin when sprayed 10 days af-
ter S. cardinale inoculation significantly reduced 
the canker size as compared with the control. 
Thiophanate-methyl and azoxystrobin, in addition 
to a preventive action, seem to slow down canker 
growth at the early stages of bark colonization by 
S. cardinale. When sprayed 20 days after S. car-
dinale inoculation, none of the fungicides had a 
significant effect on canker size as compared to 
the control. Panconesi and Parrini (1979) reported 
that inoculations that didn’t result in symptom 
development were 92, 42, 10 and 12% when thi-
ophanate-methyl was sprayed at intervals of 3, 7, 

14 and 21 days after inoculation respectively; thus 
this fungicide have some therapeutic effect when 
applied very frequently. 

Fosetyl-aluminium was more effective when 
tested in vitro than when it was sprayed on the 
trees. This fungicide is well-known for stimulating 
the production of phytoalexins by the tree, thus 
promoting its defence mechanisms, but it might 
require repeated sprayings over time to be effec-
tive. The fact that cankers in trees sprayed 20 
days before S. cardinale inoculation were smaller 
than cankers on trees sprayed only 10 days before 
inoculation seems to support this hypothesis.

Boscalid is a contact and translaminar fungi-
cide, and in the in vitro tests inhibited both colony 
growth and conidial germination of S. cardinale. 
Trees sprayed with boscalid reduced canker size 
somewhat when it was sprayed 10 days before 
inoculation. Boscalid may, at least in partly be 
absorbed into the living tissues of the bark, and 
act against the fungus there. Boscalid did not af-
fect canker size when sprayed 20 days before the 
inoculation, probably because, as a contact and 
translaminar fungicide, it was not absorbed into 
the inner bark and its fungicidal effect decreased 
quickly with time. 

In previous studies thiophanate-methyl, 
Chlorotalonil, copper hydroxide and calcium poly-
sulphide were toxic on young cypress trees (Govi et 
al., 1975; Mallams and Petrick, 2004). In Mallams 
and Petrick (2004) thiophanate-methyl caused 
toxic symptoms (bark cracks) in Chamaecyparis 
lawsoniana plants, but the concentration of the ac-
tive ingredient sprayed was higher (1.8 g L-1) than 
that in our study (1.5 g L-1). In this study none of 
the fungicides were toxic to C. sempervirens at the 
maximum dosage recommended by the manufac-
turers (Table 1). 

Although the tested fungicides generally did not 
prevent cankers on inoculated stems, cankers that 
arose were smaller when azoxystrobin, boscalid or 
thiophanate-methyl were sprayed on the trees 10 
days before inoculations. The fungicides thus act-
ed against S. cardinale within the tree. The fact 
that azoxystrobin acts inside the cortical tissues 
is important, since infections are often caused by 
the bark beetle vector Phloeosinus sp. (Covassi et 
al., 1975), which tunnels into the bark and thus 
inoculates the tree from within. Boscalid strongly 
inhibited both mycelial growth and conidial ger-



73Vol. 50, No. 1 April, 2011

G. Della Rocca et al. Newly-assessed fungicides for the control of cypress canker

mination of S. cardinale in vitro and may inhibit 
S. cardinale inoculum on plant surfaces. Boscalid 
may also be effective in disinfecting wounds dur-
ing sanitation.

Probably, therefore regular spraying every 15–
20 days during the seasons most favourable to S. 
cardinale spread (spring and autumn), will reduce 
the number of new infections. Azoxystrobin and 
boscalid are in a class of less hazardous fungicides, 
and are relatively safe for the environment and for 
operators. We suggest that sprays with azoxystrob-
in, a systemic fungicide, should be alternated with 
boscalid, to reduce the likelihood of mutants in the 
pathogen population that overcome the protec-
tion provided by a single product. In fact a low-
ered sensitivity to azoxystrobin correlated with 
some site-specific pathogen mutations has already 
been detected on Alternaria solani (Rosenzweig et 
al., 2008), Magnaporte grisea (Avila-Adame and 
Köller, 2003) and Penicillium digitatum (Zhang et 
al., 2009) after they were treated repeatedly with 
azoxystrobin and on Alternaria alternata (Avenot 
and Michailides, 2007) after it was treated repeat-
edly with boscalid.

Acknowledgements

The authors are grateful to Dr. Francesco 
Loreto for critically reading the manuscript and to 
Mr. Marco Mechi for his technical support. 

Literature cited
Aguín O., J.P. Mansilla and M.J. Sainz, 2006. In vitro selec-

tion of an effective fungicide against Armillaria mellea 
and control of white root rot of grapevine in the field. 
Pest Management Science 62, 223–228.

Anke T., 1995. The antifungal strobilurins and their pos-
sible ecological role. Canadian Journal of  Botany 
73(Suppl. 1), 940–945.

Avenot H.F. and T.J.Michailides, 2007. Resistance to bos-
calid fungicide in Alternaria alternata isolates from 
Pistachio in California. Plant Disease, 91, 1345–1350.

Avila-Adame C. and W. Köller, 2003. Characterization of 
spontaneous mutants of Magnaporthe grisea expressing 
stable resistance to the Qo-inhibiting fungicide azox-
ystrobin. Current genetics 42, (6), 332–338.

Bartoloni P., A. Panconesi and M. Intini, 1976. Il Coryneum 
cardinale: notizie biologiche e prospettive di lotta. 
In: Del Cipresso, Ed. Cassa di Risparmio di Firenze, 
Firenze, Italy, 47–53.

CABI/EPPO, 2003. Seiridium cardinale distribution map. 

Distribution Maps of Plant Diseases. Map 890. CAB 
International, Wallingford, UK.

Cirulli M. and G. Montemurro, 1978. Impiego di fungicidi 
sistemici nella lotta contro Cladosporium fulvum Cooke 
nel pomodoro. Informatore fitopatologico 28, (6), 9–15.

Ciuti E. and R. Biagioni, 1991. The cypress in the com-
mercial nursery economy of Pistoia. In: Il Cipresso. (A. 
Panconesi ed.), CNR, Firenze, 215–220.

Clifford D.R., P. Gendle, M.E. Holgate and T. Hunter, 
1987. Comparison of paint and gel formulations for the 
treatment of Nectria cankers on apple trees. Annals of 
Applied Biology 110, 471–487. 

Covassi M., M. Intini and A. Panconesi, 1975. Osservazioni 
preliminari sui rapporti fra Coryneum cardinale Wag. e 
Phloeosinus aubei Perr. in Toscana. Redia 56, 159–166.

Danti R., G. Della Rocca and F. El Wahidi, 2009. Seiridium 
cardinale newly reported on Cupressus sempervirens in 
Morocco. Plant Pathology 58, 1174.

Danti R. and A. Panconesi, 2003. L’attività di miglioramen-
to genetico e la ricerca della resistenza al cancro. In: La 
Bonifica Fitosanitaria a Tutela del Cipresso. Ed. ARSIA 
Regione Toscana, Firenze, Italy, 47–52.

Danti R., A. Panconesi, V. Di Lonardo, G. Della Rocca 
and P. Raddi, 2006. ‘Italico’ and ‘Mediterraneo’: two 
Seiridium cardinale canker-resistant cypress cultivars 
of Cupressus sempervirens. HortScience 41, 1357–1359.

Govi G. and F. Deserti, 1980. Interventi chimici contro il 
Coryneum cardinale del cipresso. Informatore fitopato-
logico 10, 19–21.

Govi G., F. Tagliani and F. Tunioli, 1975. Ricerche biolog-
iche e prove di lotta sul “Coryneum cardinale” Wag. 
Informatore fitopatologico 4, 11–17.

Govi G. and F. Tunioli, 1977. Interventi chimici contro il 
Coryneum cardinale. Informatore fitopatologico 1, 11–13.

Graniti A., 1998. Cypress canker: a pandemic in progress. 
Annual Review of Phytopathology 36, 91–114.

Malathi P., P. Padmanaban, R. Viswanathan, D. 
Mohanraj and A. Ramesh Sundar, 2004. Efficacy of 
thiophanate methyl against red rot of sugarcane. Acta 
Phytopathologica et Entomologica Hungarica 39(1–3), 
39–47. 

Mallams K.M. and J.A. Petrick, 2004. Fungicide Trials 
for Control of Cypress Canker on Port-Orford-Cedar. 
Southwest Oregon Forest Insect and Disease Service 
Center, SWOFIDSC-04-02, 5 pages. http://www.fs.fed.
us/r6/nr/fid/pubsweb/pubs1/2004-fungicidetrials.pdf.

Marchetti L. and A. Zechini D’Aulerio, 1982. Indicazioni 
di lotta chimica contro l’agente del cancro corticale del 
cipresso (Coryneum cardinale) Wag. Informatore fitopa-
tologico 3, 55–58.

McCain A.H., 1984. Cypress canker control with fungicides. 
Journal of Arboricolture 10, (7), 212–214.

Moriondo F. and A. Bonifacio, 1969. Osservazioni prelimi-
nari sul Corineo del cipresso. Atti Accademia Economia 
Agraria dei Georgofili 15(7), 111–121.

Muccinelli M., 2004. Prontuario dei Fitofarmaci. 20th ed. 
Edagricole, Bologna, Italy, 1066 pp. 

Olaya G., D. Zheng and W. Koller, 1998. Differential re-
sponses of germinating Venturia inaqualis conidia to 



Phytopathologia Mediterranea

G. Della Rocca et al.

74

kresoxym-methyl. Pesticide Science 54, 230–236.
Panconesi A., 1990. Pathological disorders in the 

Mediterranean basin. In: Agrimed Research 
Programme, Progress in EEC Research on Cypress 
Diseases (J. Ponchet ed.). Report EUR 12493 EN, 
Brussels, Luxembourg, 54–81.

Panconesi A., V. Nembi and C. Parrini, 1984. Prove di lotta 
contro il Seiridium (Coryneum) cardinale. In: Maladie 
du Cyprès. CEE, Agriculture, Communications scien-
tifiques présentées au Séminaire de Florence (Italie), 
20–21 Octobre 1983. Rapport EUR 9200, Bruxelles, 
Luxembourg, 47–55.

Panconesi A. and C. Parrini, 1979. Nuove esperienze di 
lotta chimica contro Seiridium (Coryneum) cardinale. 
Informatore fitopatologico 5, 13–17.

Panconesi A. and P. Raddi, 1986. The influence of some 
chemical treatments on cypress canker disease develop-
ment. European Journal of Forest Pathology 16, 83–86.

Parrini C., 2003. Gli interventi di bonifica fitosanitaria del 
cipresso - Presupposti teorici e risultati attesi dalla bon-
ifica. In: La Bonifica Fitosanitaria a Tutela del Cipresso. 
Ed. ARSIA Regione Toscana, Firenze, Italy, 59–66. 

Parrini C., M. Intini and A. Panconesi, 1976. Prove di lot-
ta in vivaio contro il corineo del cipresso. Informatore 
fitopatologico 4, 5–9.

Parrini C. and A. Panconesi, 1977. Lotta contro il Corineo 
del cipresso in Toscana. I contributo. Informatore fitopa-
tologico 1, 5–9. 

Parrini C. and A. Panconesi, 1991. I metodi di lotta con-
tro il cancro corticale del cipresso. In: Il Cipresso (A. 
Panconesi ed.). CNR, Regione Toscana, Provincia di 
Firenze, Italy, 94–105.

Pichot C., S. Xenopoulos, P. Raddi, A. Papageorgiou, B. 
Fady, C. Andreoli and A. Panconesi, 1999. Choice 
of Reproductive material. In: Cypress: A Practical 
Handbook. (E. Tessier du Cros, M. Ducrey, D. 
Barthelemy, C. Pichot, R. Giannini, P. Raddi, A. Roques, 
J. Sales Luis, B. Thibaut, ed.), 35–43. 

Pscheidt J. and C.M. Ocamb (ed.), 2001. Pacific Northwest 
Plant Disease Management Handbook. Oregon State 

University Extension Service, Corvallis, OR, USA, 545 
pp. 

Raddi P., A. Panconesi, S. Xenopoulos, P. Ferrandes and 
C. Andreoli, 1990. Genetic improvement for resistance 
to Canker disease. In: Agrimed Research Programme, 
Progress in EEC Research on Cypress Diseases (J. 
Ponchet ed.). Report EUR 12493 EN, Brussels, 
Luxembourg, 127–134.

RAFT, 2008. Rapporto sullo stato delle foreste in Toscana 
2008. Arsia – Regione Toscana. Ed. Compagnia delle 
Foreste, Arezzo, Italy, 160 pp.

Reuveni M. and D. Sheglov, 2002. Effects of azoxystrobin, 
difenoconazole, polyoxin B (polar) and trifloxystrobin 
on germination and growth of Alternaria alternata and 
decay in red delicious apple fruit. Crop Protection, 21, 
951–955.

Rosenzweig N., G. Olaya, Z.K. Atallah, S. Cleere, C. 
Stanger, W.R. and Stevenson, 2008. Monitoring and 
tracking changes in sensitivity to azoxystrobin fungi-
cide in Alternaria solani in Wisconsin. Plant Disease 92, 
555–560.

Sharma S.R. and H.S. Sohi, 1980. Uptake, transloca-
tion and persistence of systemic fungicides in cowpea. 
Pesticides 14, 5, 21–24.

Tsopelas P., A. Angelopoulos and K. Nikolaou, 2008. 
Seiridium cardinale is a new threat to cypress trees in 
Cyprus. Plant Pathology 57, 784.

Tsopelas P., I. Barnes, M.J. Wingfield and S. Xenopoulos, 
2007. Seiridium cardinale on Juniperus species in 
Greece. Forest Pathology 37, 338–347.

Xenopoulos S. and S. Diamandis, 1985. A distribution map 
for Seiridium cardinale causing the cypress canker dis-
ease in Greece. European Journal of Forest Pathology 
15(4), 223–226.

Zhang Z., Z. Zhu, Z. Ma and H. Li, 2009. A molecular 
mechanism of azoxystrobin resistance in Penicillium 
digitatum UV mutants and a PCR-based assay for 
detection of azoxystrobin-resistant strains in packing- 
or store-house isolates. International Journal of Food 
Microbiology 131(2–3), 157–161.

Accepted for publication: December 13, 2010


