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Summary. Genetic variability and mefenoxam sensitivity are described for Phytophthora spp. isolates recovered 
from nine ornamental plant species at four locations in Sicily, Southern Italy. Fifty-four isolates of Phytophthora spp. 
were obtained from symptomatic plant tissues. Mating type analyses revealed that all isolates are heterothallic, 
consisting of mating type A1. Fungicide sensitivity assays determined that all isolates are sensitive to mefenoxam. 
Characterisation of 48 isolates was performed using molecular and phylogenetic analyses of the internal tran-
scribed spacer of ribosomal DNA (rDNA-ITS), beta-tubulin (β-tub) and elongation factor 1 alpha (EF-1α) regions. 
The isolates belonged to Phytophthora nicotianae  (34 isolates), P. arecae (syn. palmivora) (five) and P. niederhauserii 
(nine). The pathogenicity of three representative isolates was tested on seedlings or cuttings of each host, grown 
in a growth chamber. All isolates were pathogenic and reproduced symptoms identical to those observed in the 
nursery. This is the first report of disease caused by P. nicotianae, P. arecae or P. niederhauserii on several ornamental 
plants in Italy, and of the sensitivity of these Phytophthora species to mefenoxam. 
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Introduction
During the last decade, Italy has significantly in-

creased production of ornamental plants in nurseries, 
and millions of plants are grown in greenhouses and 
in open fields. In Sicily (Southern Italy), ornamental 
production is predominantly concentrated in the east-
ern area, where it took the place of lemon orchards 
and represents an important citrus alternative.

Growers of ornamental plants often face severe 
pressure from pathogens which, due to favourable 
climatic conditions, can represent threats to nursery 
production. Every year, many thousands of plants are 
traded through Sicily, which can lead to the spread 
of pathogens to new areas, and to the introduction of 

new pathogens. Oomycetes such as Phytophthora and 
Pythium spp. are frequently isolated from sympto-
matic ornamental crops in Italy (Cacciola et al., 2008; 
Aiello et al., 2011; Guarnaccia et al., 2015).

Phytophthora species cause root and foliar diseas-
es on a wide range of ornamental plants (Erwin and 
Ribeiro, 1996; Ferguson and Jeffers, 1999; Werres et al., 
2001; Schwingle et al., 2007; Prigigallo et al., 2015; Jung 
et al., 2016). The diseases are widespread in nursery 
environments during plant propagation stages, be-
cause warm temperatures, high humidity and dense-
ly grown plants provide favourable conditions for 
growth and sporulation of Phytophthora spp. (Dona-
hoo and Lamour, 2008). Phytophthora species can also 
be dispersed through sporangia, zoospores and chla-
mydospores in free water, and irrigation sources can 
act as reservoirs for some species (Yamak et al., 2002; 
Hong and Moorman, 2005). Overhead sprinkler irri-
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gation and the use of recycled irrigation water should 
be avoided. The most common Phytophthora species 
reported to cause diseases on ornamental plants in 
European nurseries are P. nicotianae (Breda de Haan), 
P. ramorum (Werres, de Cock, Man int Veld), P. nieder-
hauserii (Z.G. Abad & J.A. Abad), P. arecae (L.C. Cole-
man) Pethybr. (syn. Phytophthora palmivora), P. syrin-
gae (Kleb.), and P. cambivora (Petri) Buisman (Werres et 
al., 2001; Moralejo et al., 2009; Aiello et al., 2011; Abad 
et al., 2014; Schlenzig et al., 2014). In Italy, more than 
20 Phytophthora species have been reported in nurs-
eries of ornamental plants, and some of these patho-
gens were identified on new hosts for the first time 
(Cacciola et al., 2008). 

Prevention is the first strategy to control Phytoph-
thora diseases in nurseries, and particular control 
methods are the use of healthy plants, sanitation of 
irrigation water, and early removal of infected plants 
(Donahoo and Lamour, 2008). Chemical control is 
also widely used to manage Phytophthora diseases. 
However, the use of phenylamide fungicides such 
as metalaxyl and mefenoxam (the R-enantiomer of 
metalaxyl; metalaxyl-M, Ridomil Gold™, Syngenta) 
should be limited because these pesticides induce 
a selective pressure for resistant isolates (Parra and 
Ristaino, 2001; Dunn et al., 2010). Therefore, accurate 
diagnosis of the Phytophthora species present in par-
ticular areas or in ornamental plant nurseries, and 
determination of their sensitivity to mefenoxam, are 

important for development of effective disease man-
agement strategies.

Considering the importance of Phytophthora dis-
eases and large economic losses caused by Oomycete 
pathogens, several surveys were conducted over a 
3-year period, in commercial nurseries located in Cat-
ania province, eastern Sicily, Italy. Various plant host 
species showing Phytophthora-like symptoms were 
randomly collected for analysis.

The aims of this study were: to identify the species 
of Phytophthora recovered from ornamental plants, 
using morphological characteristics and molecular 
analysis; to evaluate the sensitivity of different Phy-
tophthora isolates to mefenoxam; and to confirm the 
pathogenicity of representative Phytophthora isolates 
on the host species from which they were isolated.

Materials and methods 
Field survey and fungal isolation

During 2011–2013, surveys were conducted in 
four ornamental nurseries located in Catania prov-
ince (eastern Sicily). Approximately 20 plants per spe-
cies showing root rot, foliar blight or leaf lesions were 
randomly collected for analysis. Small sections from 
the edges of symptomatic tissues were surface dis-
infected with 1.2% (v/v) sodium hypochlorite for 1 
min, rinsed in sterile distilled water (SDW), dried on 
sterile absorbent paper. The tissue sections were then 

Table 1. Ornamental host species, disease symptoms and geographical location of Phytophthora spp. isolates collected from 
ornamental nurseries.

Isolate Di3Aa 
number Host Symptoms Geographical location

Di3A-AA1-6 Citrus aurantium Crown and root rot Carruba, Sicily, nursery 1

Di3A-CC1-5 Cistus creticus Crown and root rot Grotte, Sicily, nursery 2

Di3A-CS1-5 Cistus salvifolius Crown and root rot Grotte, Sicily, nursery 2

Di3A-DV1-6 Dodonaea viscosa Foliar blight Praiola, Sicily, nursery 3

Di3A-PMH1-7 Polygala myrtifolia × oppositifolia ‘Bibi Pink’® Foliar blight Grotte, Sicily, nursery 2

Di3A-CVE1-5 Grevillea juniperina ‘CVE’ Crown and root rot Mascali, Sicily, nursery 4

Di3A-WIN1-4 Grevillea thelemanniana × oppositifolia ‘Wimpara Gem’ Crown and root rot Mascali, Sicily, nursery 4

Di3A-GRR1-7 Grevillea gracilis ‘Rosea’ Crown and root rot Mascali, Sicily, nursery 4

Di3A-BIGN1-9 Bignonia venusta Leaf lesion Carruba, Sicily, nursery 1
a	 Dipartimento di Agricoltura, Alimentazione e Ambiente, University of Catania.
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plated on corn meal agar amended with pimaricin, 
ampicillin, rifamycin, PCNB and hymexazol. Plates 
were incubated at 25 ± 1°C in darkness. Pure cultures 
were obtained by transferring mycelial tips from col-
ony margins onto fresh V8 juice agar (V8A) (Erwin 
and Ribeiro, 1996). Single spores were selected and 
transferred into V8A plates to establish monospore 
isolates.  For long-term storage, isolates were placed 
on V8A slants, allowed to grow for 3 to 4 d, covered 
with sterile mineral oil, and then stored at room tem-
perature. A total of 54 isolates were obtained (Table 1), 
and these were used for morphological characterisa-
tion and mefenoxam sensitivity testing. Among these, 
48 isolates were characterized by molecular and phy-
logenetic analyses (Table 2). 

Morphological characteristics and mating type

To characterize colonies and sporangia, the iso-
lates were observed on corn meal agar after incubat-
ing for 10 d at 25°C under continuous fluorescent 
light. If sporangia had not been produced after 10 d, 
cultures were flooded with clarified V8 broth (50 mL 
of clarified V8 juice and 950 mL of SDW (Ferguson 
and Jeffers, 1995), and then incubated under continu-
ous fluorescent light for a further 7 d. Clarified V8 
juice was prepared by adding 2 g of calcium carbon-
ate to 100 mL of V8 juice, centrifuging at 7,000 rpm for 
10 min and collecting the supernatant (Ferguson and 
Jeffers, 1995). To determine the mating type of each 
isolate, a 6 mm diam. plug, taken from a 10-d-old cul-
ture of each isolate, was placed on unclarified V8A 
(UCV8), approx. 2 cm away from one plug of known 
A1 or A2 mating types of P. nicotianae (CBS 410.87 and 
CBS 411.87) or P. arecae (CBS 179.26 and CBS 236.30) 
isolates. Plates were incubated in the dark for at least 
1 week before being inspected under a light micro-
scope for the formation of sexual structures (oogonia, 
antheridia and oospores). Isolates which produced 
oospores with the A1 mating type standard, but not 
with the A2 mating type standard, were determined 
to be mating type A2, and vice versa (Dunn et al., 
2010). Plates containing plugs from both the A1 and 
A2 standard strains of both P. nicotianae and P. arecae 
were included as positive controls.

Mefenoxam sensitivity test

Fifty-four isolates of Phytophthora  spp. were as-
sayed for sensitivity to mefenoxam. According to the 

protocol reported by Dunn et al. (2010), agar disks (6 
mm diam.) were removed from the edges of active-
ly growing cultures using a sterile cork borer. Plugs 
were transferred to the center of clarified unamended 
V8A (control), or with 5 or 100 μg mL-1 mefenoxam 
as Ridomil Gold™ EC (45.3% mefenoxam; Syngenta 
Crop Protection). Three replicate plates per treatment 
were inoculated for each isolate. Plates were incubat-
ed in the dark at 25°C for 7 d under constant light. 
Radial colony growth of resulting colonies was meas-
ured twice at perpendicular angles for each plate, 
averaged, and compared to colony diameters from 
nonamended (control) medium. 

Isolates were considered sensitive to mefenoxam 
if colony growth at 5 μg mL-1 was less than 40% of the 
growth on nonamended medium. Isolates were con-
sidered intermediately sensitive if growth on medium 
amended with 5 μg mL-1 was greater than 40%  that 
of the growth on nonamended medium, but growth 
on medium amended with 100 μg mL-1 was less than 
40% that on nonamended medium. Isolates were con-
sidered resistant to the pesticide if growth on medi-
um amended with 100 μg mL-1 was greater than 40% 
that of the growth on nonamended medium. 

Molecular characterisation and phylogenetic analysis

The 48 Phytophthora spp. isolates used in the phy-
logenetic analysis are listed in Table 2. Mycelium sam-
ples were lyophilized, and DNA was extracted from 
lyophilized mycelia using the DNeasy Plant Mini Kit 
(Qiagen) according to the manufacturer’s instructions. 
Primers ITS4 and ITS5 (White et al., 1990)were used 
to amplify the internal transcribed spacer (ITS) region 
of ribosomal DNA for each isolate. A subset of 27 iso-
lates also had the translation elongation factor 1-alpha 
gene (EF-1α) amplified using primers ELONGF1 and 
ELONGR1, and the β-tubulin gene amplified using 
primers TUBUF2 and TUBUR1 (Kroon et al., 2004). 
Polymerase chain reaction (PCR) conditions were as 
follows: initial denaturation at 95°C for 5 min; 35 cy-
cles of 95°C for 1 min, 55°C for 1 min, and 72°C for 1 
min; and final extension at 72°C for 10 min. PCR prod-
ucts were checked visually by gel electrophoresis to 
confirm single products in the appropriate size range 
of 800–1000 bp. PCR products were cleaned using the 
DNA Clean and Concentrator -25 kit (Zymo Research) 
according to the manufacturer’s instructions, and 
products were quantified using a NanoDrop ND-1000 
spectrophotometer (Thermo Fisher Scientific Inc.). 
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Table 2. Identity and Genbank accession numbers of Phytophthora spp. isolates collected from ornamental plants in Italy.

Isolate codea Host Species identification
GenBank Accession

ITS EF1α β-tubulin

Di3A-CC1 Cistus creticus Phytophthora arecae (syn. palmivora) MH062246 MH101827 MH101854

Di3A-CS2 Cistus salvifolius Phytophthora arecae MH062247 MH101828 MH101855

Di3A-CS4 Cistus salvifolius Phytophthora arecae MH062248 MH101829 MH101856

Di3A-CS5 Cistus salvifolius Phytophthora arecae MH062249 - -

Di3A-DV2 Dodonaea viscosa Phytophthora arecae MH062250 MH101830 MH101857

Di3A-AA1 Citrus aurantium Phytophthora nicotianae MH062212 MH101831 MH101858

Di3A-AA2 Citrus aurantium Phytophthora nicotianae MH062213 MH101832 MH101859

Di3A-AA3 Citrus aurantium Phytophthora nicotianae MH062214 MH101833 MH101860

Di3A-AA4 Citrus aurantium Phytophthora nicotianae MH062215 MH101834 MH101861

Di3A-AA5 Citrus aurantium Phytophthora nicotianae MH062216 - -

Di3A-AA6 Citrus aurantium Phytophthora nicotianae MH062217 - -

Di3A-BIGN1 Bignonia venusta Phytophthora nicotianae MH062238 MH101847 MH101874

Di3A-BIGN3 Bignonia venusta Phytophthora nicotianae MH062239 MH101848 MH101875

Di3A-BIGN4 Bignonia venusta Phytophthora nicotianae MH062240 - -

Di3A-BIGN5 Bignonia venusta Phytophthora nicotianae MH062241 - -

Di3A-BIGN6 Bignonia venusta Phytophthora nicotianae MH062242 - -

Di3A-BIGN7 Bignonia venusta Phytophthora nicotianae MH062243 - -

Di3A-BIGN8 Bignonia venusta Phytophthora nicotianae MH062244 - -

Di3A-BIGN9 Bignonia venusta Phytophthora nicotianae MH062245 - -

Di3A-CC2 Cistus creticus Phytophthora nicotianae MH062218 MH101835 MH101862

Di3A-CC3 Cistus creticus Phytophthora nicotianae MH062219 MH101836 MH101863

Di3A-CC4 Cistus creticus Phytophthora nicotianae MH062220 - -

Di3A-CC5 Cistus creticus Phytophthora nicotianae MH062221 - -

Di3A-CS1 Cistus salvifolius Phytophthora nicotianae MH062222 MH101837 MH101864

Di3A-CS3 Cistus salvifolius Phytophthora nicotianae MH062223 MH101838 MH101865

Di3A-CVE1 Grevillea juniperina Phytophthora nicotianae MH062224 MH101842 MH101869

Di3A-CVE2 Grevillea juniperina Phytophthora nicotianae MH062225 MH101843 MH101870

Di3A-CVE3 Grevillea juniperina Phytophthora nicotianae MH062226 MH101844 MH101871

Di3A-CVE4 Grevillea juniperina Phytophthora nicotianae MH062227 - -

Di3A-CVE5 Grevillea juniperina Phytophthora nicotianae MH062228 - -

Di3A-GRR1 Grevillea gracilis Phytophthora nicotianae MH062229 MH101845 MH101872

Di3A-GRR5 Grevillea gracilis Phytophthora nicotianae MH062230 MH101846 MH101873

Di3A-PMH1 Polygala myrtifolia × oppositifolia Phytophthora nicotianae MH062231 MH101839 MH101866

(Continued)
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PCR products were sequenced bi-directionally, using 
the above primers, at the Cornell University Biotech-
nology Resource Center (Ithaca, NY, USA).

Raw sequence data were checked, and missed calls 
were edited manually using MEGA V.7 (Kumar et al., 
2016). Sequences were then identified using the Na-
tional Center for Biological Information (NCBI) Basic 
Local Alignment Search Tool (BLAST). Following spe-
cies identification, all 48 sample ITS sequences were 
aligned, along with reference strain sequences, using 
ClustalW in MEGA V.7 (Kumar et al., 2016). Reference 
strains used in the phylogenetic analysis are listed in 
Table 2, and included three isolates per species and 
two Pythium spp. isolates as outgroups. The resulting 
consensus sequences were used to generate a neigh-
bour-joining tree in MEGA. The Tamura-Nei model 
was used with 1,000 bootstrapping repetitions, and 
pairwise deletion was used to handle alignment gaps.

A second neighbour-joining tree was constructed 
using elongation factor 1 alpha (EF-1α) and β-tubulin 
sequence data. Sequences were checked and aligned 
as described for the ITS data and concatenated. Refer-
ence strains, listed in Table 3, included three isolates 
from each of the three species identified here, along 
with one isolate belonging to each Phytophthora clade 
as defined by Blair et al. (2008). The resulting concat-
enated sequences were used to generate a neighbour-
joining tree using the same parameters as described 
for the ITS data. Sequences derived in this study were 
deposited in GenBank.

Pathogenicity

Pathogenicity tests were performed with one rep-
resentative isolate of each species (P. nicotianae, P. 
arecae and P. niederhauserii) on potted, healthy seed-

Isolate codea Host Species identification
GenBank Accession

ITS EF1α β-tubulin

Di3A-PMH2 Polygala myrtifolia × oppositifolia Phytophthora nicotianae MH062232 MH101840 MH101867

Di3A-PMH3 Polygala myrtifolia × oppositifolia Phytophthora nicotianae MH062233 MH101841 MH101868

Di3A-PMH4 Polygala myrtifolia × oppositifolia Phytophthora nicotianae MH062234 - -

Di3A-PMH5 Polygala myrtifolia × oppositifolia Phytophthora nicotianae MH062235 - -

Di3A-PMH6 Polygala myrtifolia × oppositifolia Phytophthora nicotianae MH062236 - -

Di3A-PMH7 Polygala myrtifolia × oppositifolia Phytophthora nicotianae MH062237 - -

Di3A-GRR2 Grevillea gracilis Phytophthora niederhauserii MH062207 MH101852 MH101879

Di3A-GRR3 Grevillea gracilis Phytophthora niederhauserii MH062208 MH101853 MH101880

Di3A-GRR4 Grevillea gracilis Phytophthora niederhauserii MH062209 - -

Di3A-GRR6 Grevillea gracilis Phytophthora niederhauserii MH062210 - -

Di3A-GRR7 Grevillea gracilis Phytophthora niederhauserii MH062211 - -

Di3A-WIN1 Grevillea thelemanniana × 
oppositifolia

Phytophthora niederhauserii MH062203 MH101849 MH101876

Di3A-WIN2 Grevillea thelemanniana ×  
oppositifolia

Phytophthora niederhauserii MH062204 MH101850 MH101877

Di3A-WIN3 Grevillea thelemanniana × 
oppositifolia

Phytophthora niederhauserii MH062205 MH101851 MH101878

Di3A-WIN4 Grevillea thelemanniana ×  
oppositifolia

Phytophthora niederhauserii MH062206 - -

a	 Dipartimento di Agricoltura, Alimentazione e Ambiente, University of Catania.

Table 2. (Continued).
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lings or cuttings of host species from which they were 
isolated. Thirty plants of each host species were in-
oculated with a zoospore suspension (106 cfu mL-1) 
obtained from 10-d-old cultures. Polygala myrtifolia 
L. × Polygala oppositifolia ‘Bibi Pink’® and Bignonia ve-
nusta Ker Gawl., (syn. Pyrostegia venusta) plants were 
inoculated by spraying the zoospore suspension on 

the canopy. Cistus salvifolius L., C. creticus L., Grevil-
lea juniperina R. Br. ‘CVE’ and G. gracilis ‘Rosea’ were 
inoculated at the stem bases with a soil drench. Un-in-
oculated plants served as a controls, for all hosts. Af-
ter inoculation, the plants were covered with plastic 
bags and incubated in a growth chamber at 25 ± 1°C 
and 90–95% relative humidity for 2–4 months. Each 

Table 3.  Reference isolates used to construct phylogenetic trees.

Species Isolate Reference 
sequence

GenBank Accession 
numbers Reference

Phytophthora arecae (syn. palmivora) CBS 305.62 ITS HQ643146 Robideau et al., 2011

Phytophthora arecae CBS 179.26 ITS HQ643305 Robideau et al., 2011

Phytophthora arecae UQ1249 ITS AF266780 Cooke et al., 2000

Phytophthora arecae P10213 EF1α and β-tubulin EU080811, EU080810 Blair et al., 2008

Phytophthora arecae P11011 EF1α and β-tubulin EU079726, EU079725 Blair et al., 2008

Phytophthora arecae P11010 EF1α and β-tubulin EU079720, EU079719 Blair et al., 2008

Phytophthora cactorum P0714 EF1α and β-tubulin EU080279, EU080278 Blair et al., 2008

Phytophthora capsici P10386 EF1α and β-tubulin EU079545, EU079544 Blair et al., 2008

Phytophthora heveae P1102 EF1α and β-tubulin EU079732, EU079731 Blair et al., 2008

Phytophthora infestans P10646 EF1α and β-tubulin EU079614, EU079613 Blair et al., 2008

Phytophthora mirabilis P3005 EF1α and β-tubulin EU079777, EU079776 Blair et al., 2008

Phytophthora megakarya P8516 EF1α and β-tubulin EU079971, EU079970 Blair et al., 2008

Phytophthora megasperma P3136 EF1α and β-tubulin EU080060, EU080059 Blair et al., 2008

Phytophthora nicotianae CBS 101655 ITS HQ643303 Robideau et al., 2011

Phytophthora nicotianae CBS 303.39 ITS HQ643301 Robideau et al., 2011

Phytophthora nicotianae UQ848 ITS AF266776 Cooke et al., 2000

Phytophthora nicotianae P1452 EF1α and β-tubulin EU080505, EU080504 Blair et al., 2008

Phytophthora nicotianae P10116 EF1α and β-tubulin EU079964, EU079963 Blair et al., 2008

Phytophthora nicotianae P10718 EF1α and β-tubulin EU079654, EU079653 Blair et al., 2008

Phytophthora niederhauserii P10617 ITS HQ261701 Robideau et al., 2011

Phytophthora niederhauserii P10616 ITS HQ261702 Robideau et al., 2011

Phytophthora niederhauserii P16237 ITS HQ261699 Robideau et al., 2011

Phytophthora pseudosyringae P10437 EF1α and β-tubulin EU079564, EU079563 Blair et al., 2008

Phytophthora quercetorum PD_01105 EF1α and β-tubulin EU080902, EU080901 Blair et al., 2008

Pythium undulatum IMI337230 ITS AF271230 Cooke et al., 2000

Pythium undulatum P10342 EF1α and β-tubulin EU080442, EU080440 Blair et al., 2008

Pythium vexans	 UQ2074 ITS AF271224 Cooke et al., 2000

Pythium vexans P3980 EF1α and β-tubulin EU080485, EU080484 Blair et al., 2008
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experiment was conducted twice, and similar results 
were obtained in both tests.

Results 
Field survey and pathogen isolations

Symptoms referable to Phytophthora spp. were 
found over a 3 year period in four nurseries and on 
11 different ornamental species (Figure 3, Table 1). 
The diseases were observed during the propagation 
stages on seedlings and cuttings (1–3 months old) 
in greenhouses and on established plants (1–2 years 
old) in open fields. The symptoms observed consisted 
of crown and root rot, foliar blight and leaf lesions 
(Table 1). Crown rot was characterized by brown to 
dark-brown lesions at the soil line or above, which 
expanded to girdle the plant stems, and internal dark-
brown discoloration of cortical tissues. Root rot was 
observed in association with these symptoms. The af-
fected roots were dark-brown or black and were par-
tially or completely destroyed. As a consequence of 
crown and root rot, affected plants wilted and died. 
Symptoms of leaf spot included interveinal and mar-
ginal irregular necrotic lesions that progressed to par-
tial or total leaf blight. Foliar blight consisted of light 
brown to almost black spots that typically expanded 
and affected the entire leaves, petioles, and stems 
of the young apical and lateral shoots. Occasionally, 
stem lesions were detected at the crown level. In ad-
vanced stages of the disease, the canopies of plants 
were partially or completely killed. The roots of these 
plant did not show any symptoms.

Morphological characteristics, mating type and 
mefenoxam sensitivity test

All isolates showed typical features of Phytophtho-
ra spp. (colony, sporangial morphology). All isolates 
of Phytophthora spp. produced oogonia and oospores 
with amphyginous antheridia, and were shown to be 
of mating type A1.

All the Phytophthora spp. isolates assayed were 
sensitive to mefenoxam, and did not grow on media 
amended with 5 or 100 μg mL-1 of mefenoxam.

Molecular characterisation and phylogenetic analysis

All 48 of Phytophthora isolates included in this 
study shared between 96 and 99% similarity with 

ITS sequences of reference isolates, based on BLAST 
search results. Thirty-four of the isolates were iden-
tified as Phytophthora nicotianae, nine as Phytophthora 
niederhauserii, and five as Phytophthora arecae (Table 2).

The neighbour-joining trees based on ITS data 
(Figure 1) and EF1α and β-tubulin data (Figure 2) 
showed that isolates within each species grouped to-
gether, with 100% bootstrap support.

All three species identified in this study belong to 
separate clades within the Phytophthora genus (Blair et 
al., 2008). Both phylogenies, based on ITS and the EF-
1α/β-tubulin combination, are in agreement with pre-
vious phylogenetic analyses of the genus Phytophtho-
ra, and place P. niederhauserii (clade 7) basal to P. arecae 
(clade 4) and P. nicotianae (clade 1) (Cooke et al., 2000; 
Kroon et al., 2004; Blair et al., 2008; Yang et al., 2017).

Pathogenicity

The three isolates used in the pathogenicity tests 
were pathogenic to the different hosts inoculated, and 
produced symptoms identical to those observed on 
diseased plants in the nurseries (Figure 3).

The tested P. nicotianae isolate infected P. myrtifolia 
‘Bibi pink’® cuttings, and symptoms were observed 
4 d after inoculation (Figure 3). All inoculated plants 
were killed within 10 d. This species was also patho-
genic on leaves of B. venusta and caused necrotic le-
sions after 4–5 d. Infected leaves were totally blighted 
within 7 d. Phytophthora nicotianae caused symptoms 
on all Cistus spp. plants when inoculated on the bas-
es of stems, and the inoculated plants died within 1 
month (Figure 3).

Phytophthora arecae caused high disease incidence 
(DI) (from 80 to 100%) on both Cistus species inoculat-
ed, and the first symptoms were observed after 15–20 
d. All inoculated plants died within 1 month.

Phytophthora niederhauserii was pathogenic on Gre-
villea spp., causing high DI (from 80 to 100%) after 20 d.

Under growth chamber conditions (25°C and 
90–95% RH), white mycelia covered portions of the 
infected plants (Figure 3). The pathogens were re-iso-
lated from the artificially inoculated plants and iden-
tified as previously described. No symptoms were 
observed on control plants.

Discussion
In this study, 54 Phytophthora isolates were recov-

ered from nine ornamental plant species in nurseries 
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Figure 1. Molecular phylogenetic neighbour-joining tree based on inter-
nal transcribed spacer ribosomal DNA sequence data from 48 Phytoph-
thora isolates collected from ornamental host species in Italy. Three refer-
ence strains for each species were also included, along with two Pythium 
species as outgroups. Bootstrap values are shown at branch nodes, and 
branch lengths represent the number of substitutions per site.

Figure 2. Molecular phylogenetic neighbour-joining tree 
based on elongation factor 1 alpha and β-tubulin DNA se-
quence data from 27 Phytophthora isolates collected from 
ornamental host species in Italy. Three reference strains 
for each species were also included, along with one refer-
ence strain from each Phytophthora clade (Blair et al. 2008)
and two Pythium species as outgroups. Bootstrap values are 
shown at branch nodes, and branch lengths represent the 
number of substitutions per site.
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Figure 3. a-e. Natural symptoms caused by Phytophthora spp. a-b, Crown and root rot leading to death of cuttings of Cistus 
salvifolius. c-d, Leaf lesion symptoms on Bignonia venusta. e, Crown and root rot on Grevillea juniperina ‘CVE’. f-j, Symptoms 
caused by Phytophthora spp. after artificial inoculation. f, Inoculated C. creticus plants compared with healthy plants. g-h, 
Foliar blight of Polygala myrtifolia × oppositifolia. i-j, Un-inoculated compared with symptomatic cuttings of Grevillea gracilis 
(i) and G. juniperina (j).
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of eastern Sicily (southern Italy) over a 3-year period. 
Their mating type and mefenoxam sensitivity were 
also determined. Among these, 48 isolates were char-
acterized by molecular and phylogenetic analysis, 
and were identified as Phytophthora nicotianae (34 iso-
lates), P. arecae (five isolates) or P. niederhauserii (nine 
isolates).

Phytophthora disease management is based on 
integrated approaches, including the use of healthy 
plants, sanitation of irrigation water, early removal 
of infected plants, and the application of fungicides. 
Mefenoxam is one of the most commonly used fun-
gicides on ornamentals (Erwin and Ribeiro, 1996), al-
though due to its site-specificity of activity, this has a 
high intrinsic risk of resistance development in target 
pathogens. The occurrence of mefenoxam resistance 
in Phytophthora species has been well documented 
(Timmer et al., 1998; Hwang and Benson, 2005; Hu et 
al., 2005, 2008), and in several cases this has been as-
sociated with repeated use of this pesticide. Based on 
our study, all Phytophthora isolates tested were sensi-
tive to mefenoxam, even though widespread use of 
fungicides in Sicilian nurseries has already led to a 
reduction of pathogen sensitivity to other chemical 
compounds (Guarnaccia et al., 2014). A possible ex-
planation could be that growers practice fungicide 
rotation or use mixtures of pesticides with different 
modes of action and with efficacy for Phytophthora 
management. In this study, we tested 54 isolates col-
lected in a short period (2011–2013), and more ex-
tensive sampling might be needed to gain a true as-
sessment of the prevalence of mefenoxam-resistant 
isolates in Sicily. Due to the selective pressure of the 
fungicide imposed on Phytophthora populations, fre-
quency of resistant isolates could increase with time, 
especially if this fungicide is used intensely and ex-
clusively.

Identification of Phytophthora species was tradi-
tionally based on morphological characters. How-
ever, several species were not morphologically dis-
tinguishable from one another, and the production of 
several morphological structures and physiological 
features require specific environmental conditions. 
DNA sequence data provide accurate species-level 
identification. In the present study, ITS and EF-1α and 
β-tubulin phylogenies were in agreement with previ-
ous phylogenetic analyses of the genus Phytophthora, 
and placed P. niederhauserii (clade 7) basal to P. arecae 
(clade 4) and P. nicotianae (clade 1) (Cooke et al., 2000; 
Kroon et al., 2004; Blair et al., 2008; Yang et al., 2017).

Phytophthora arecae is a polyphagous pathogen 
that has been reported worldwide on different hosts, 
mainly causing bud, root and crown rot diseases 
(Uchida, 1994; Orlikowski and Szkuta, 2006; Torres et 
al., 2016). Recently, this pathogen has become wide-
spread in Italy, where it has been reported on different 
ornamentals in nurseries (Cacciola et al., 2003; Aiello 
et al., 2011). However, no reports of disease caused 
by P. arecae on C. creticus and C. salvifolius have been 
published. Previous studies reported P. nicotianae 
on C. canariensis (Moralejo et al., 2009) and on Cistus 
sp. (Jung et al., 2016), and P. niederhauseri on several 
Cistus spp. (Cacciola et al., 2009; Moralejo et al., 2009; 
Jung et al., 2016). Isolates of P. arecae from Dodonaea 
viscosa Jacq. found in the present study were mating 
type A1, while Aiello et al., (2011) reported the isolates 
recovered from the same host species as mating type 
A2. The importance of P. arecae has increased due to 
the ability of this species to form caducous sporangia 
and abundant zoospores on diseased tissues, and zo-
ospores are readily disseminated by rain splash and 
irrigation water. In nurseries, the disease may have 
been favoured by overhead sprinkler irrigation.

Phytophthora nicotianae, the species most frequently 
found in the present study, infects many herbaceous 
and woody plants, causing destructive diseases (Er-
win and Ribeiro, 1996). However, no reports of dis-
ease caused by P. nicotianae on C. creticus or C. salvi-
folius, or on G. juniperina ‘CVE’, have been published. 
A previous study reported P. arecae on C. salvifolius in 
Italy (Cacciola et al., 2003). The survey reported here 
is also the first to identify P. nicotianae on the Polygala 
myrtifolia × oppositifolia “Bibi Pink”® hybrid, and the 
first report of disease caused by Phytophthora species 
on Bignonia venusta. Several Phytophthora spp., includ-
ing P. cryptogea Pethybr. & Laff., P. drechsleri Tucker, 
P. multivora P.M. Scott & T. Jung and P. nicotianae, 
have been reported on Polygala myrtifolia in Australia, 
Italy and Spain (Cook and Dubé, 1989; Moralejo et 
al., 2009; Jung et al., 2016). Previous research reported 
P. nicotianae in Australia on Grevillea thelemanniana 
Hügel  ex Endl. (Hardy and Sivasithamparam, 1988; 
Erwin and Ribeiro, 1996) and P. niederhauserii on G. 
olivacea A.S. George in the United Kingdom (Abad et 
al., 2014), while P. niederhauserii was not reported on 
G. thelemanniana × olivacea ‘Wimpara Gem’.

Some ornamental hosts recovered in our survey 
(C. salvifolius, D. viscosa and Bignonia spp.) are also 
susceptible to other soil-borne pathogens such as bi-
nucleate Rhizoctonia sp. and R. solani Kühn (Aiello et 
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al., 2017). Pathogenic Phytophthora spp. could repre-
sent serious threats to nursery production. The en-
vironmental conditions during cultivation in green-
houses could provide suitable conditions for the 
development of diseases caused by soil-borne patho-
gens. Furthermore, the use of non-disinfected soil or 
plant growth substrate, or the re-use of these, could 
be possible sources of inoculum and increase the in-
fection risks. Thus, prevention is the first strategy to 
control these diseases, together with the identification 
of pathogens present in a particular area or nursery.
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