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Summary. Management of Phytophthora in commercial plant nurseries is important 
for biosecurity of traded plants, and monitoring of incidence of this important plant 
pathogen is a prerequisite to prevent its spread. Potted plants showing Phytophthora 
spp. symptoms, and nursery irrigation and runoff water, were sampled from a com-
mercial and a non-commercial nursery in Tuscany, Italy. The samples were processed 
to detect Phytophthora spp., using baiting, and molecular identification of obtained 
isolates. High Phytophthora incidence was shown in the commercial nursery. Twelve 
Phytophthora spp. were isolated from potted plants or nursery runoff water. Individual 
symptomatic potted plants were infected with up to four pathogenic Phytophthora spp. 
The water sampled from nursery drainage canals had the greatest Phytophthora species 
diversity, with less diversity in ‘flow-through’ water samples (irrigation water percolated 
through potted plants) and samples from water puddles inside the nurseries. This study 
showed high incidence of Phytophthora in the commercial nursery, and associated risk 
of spread of these pathogens within and outside nursery operations. Lack of appropri-
ate disease management probably increases occurrence of these pathogens.

Keywords.	 Oomycetes spread, biological hazard, potted plants health, stakeholder 
involvement, risks warning.

INTRODUCTION

Phytophthora spp. are plant-damaging oomycetes (Peronosporales) that 
can cause significant economic losses in many different crops. From approx. 
500 estimated species (Yang et al., 2017). More than 200 Phytophthora type 
species have been described (Abad et al., 2023). Most of these taxa are poten-
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tially invasive and lethal pathogens of woody plants 
(Brasier, 1999), that have been directly responsible for 
ecological, economic and social impacts on a continental 
scale during the past 150 years (Brasier et al., 2022).

Phytophthora is strictly linked to soil for disper-
sal, is well-adapted to living in water, and spreads from 
plant to plant via motile zoospores (Erwin and Ribeiro, 
1996). Many species can survive in soil as chlamydo-
spores, under unfavourable conditions and for long peri-
ods (Hwang, 1978; Fichtner et al., 2007; Shishkoff, 2007). 
Persistent high humidity, close proximity to potential 
host species, movement of plant growth media and irri-
gation water, general lack of sterilization steps in plant 
propagation, and use of external or imported plant prop-
agation material, make commercial nurseries the sites 
of introduction, survival and spread of many Phytoph-
thora spp. (Themann et al., 2002; Moralejo et al., 2009; 
Migliorini et al., 2015; Jung et al., 2016). Such conditions 
explain the many destructive outbreaks of these patho-
gens that have occurred in nurseries during the last dec-
ades (Brasier et al., 2022, and other publications cited in 
the present paper). Nurseries that produce plants in pots 
are therefore responsible for spreading of Phytophtho-
ra spp. due to the significant presence of Phytophthora 
inoculum in soil and roots of the final products, which 
are sold as asymptomatic plants (Migliorini et al., 2015).

For these reasons and during the last decade, 
large scale investigations have aimed to character-
ize Phytophthora diversity in plant nurseries, and have 
been implemented at national level, with the scope to 
identify the greatest phytosanitary risks in individual 
nurseries and in the production links between nurser-
ies. Examples are the outcomes obtained in Oregon, 
United States of America, by Parke et al. (2014), and by 
Schiffer-Forsyth et al. (2023) in the United Kingdom 
as part of the PHYTO-THREATS project (Green et al., 
2020, 2021). Through results of extensive diagnostic 
services based on molecular techniques, both of these 
studies provided foundations for implementing systems 
approaches in nursery production, by providing infor-
mation on Phytophthora spp. presence and abundance 
at critical control points, and outlining best disease 
management practices.

The present research has been part of the 
EUPHRESCO project ‘ID-PHYT’ (“EUPHRESCO ‘ID-
PHYT-Early detection of Phytophthora in EU and third 
country nurseries and traded plants’). 

The objective of this study was to characterize Phy-
tophthora spp. in a commercially active retail nursery 
which had robust production and frequent exchanges of 
potted woody plants, and in a non-commercial nursery 
with minimal entry and exit of potted plants. These two 

nurseries were situated in the same geographic area. The 
results of this study have been shared with the project 
partner, and have been used within this study to enhance 
Phytophthora sampling for refinement of best manage-
ment practices in productive ornamental nurseries.

MATERIALS AND METHODS

Sample collection

The two potted-plant nurseries selected for this 
study were in Northern Tuscany, Italy, within the peri-
urban areas of Florence (nursery 1) and Pistoia (nurs-
ery 2). Nursery 1 (N1) was a non-commercial, research 
nursery, while nursery 2 (N2) was a commercial retail 
nursery associated with international trading of potted 
plants.

Following the ‘ID-PHYT’ protocol, selection of sam-
ple types aimed to maximize taxonomic characterization 
of Phytophthora spp. Care was taken to extend detection 
to all potential inoculum sources within the two nurs-
eries. Samples analysed in consisted of: i) potted plants, 
ii) potted plant ‘flow-through water’ (see below), and iii) 
water from the irrigation systems. Sample types slightly 
differed between N1 and N2. Plant samples selected in 
N1 and N2 were of different species. Water samples from 
N1 were collected from the irrigation pipe system and 
the irrigation pond. Water samples from N2 were col-
lected from irrigation pipes, nursery runoff water and 
puddled water (Puddles) (Table 1). Sampling occurred in 
May 2021, according to criteria outlined below.

Potted plants

Two plants per species, showing dieback symptoms 
(leaf discolouration, and/or leaf spotting, poor foli-
age development) were selected, and then processed for 
the ‘flow-through” procedure (Flow-through water, see 
below). They were then brought to a laboratory where 
the associated potting soil (Potting soil), consisting of 
soil and roots, was processed using baiting for isolation 
of oomycetes.

Flow-through water

Potted plants when still in the nursery were placed 
in sterile trays, and were irrigated with local irrigation 
water to reach the 10–20% of pot water holding capacity 
for 20 min, to stimulate release of Potting soil Oomycete 
inoculum into the trays. Water from the trays was then 
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collected in sterile tanks and processed in the laboratory 
for oomycetes isolations.

Water

Water from the nursery irrigation systems, including 
an irrigation pond (N1), water from irrigation pipes (N1 
and N2), water from small puddles on the dirt roads of 
N2, and runoff water of N2, was collected in previously 
sterilized water tanks and processed for oomycetes isola-
tions.

Sample processing

Baiting

All samples, including Potting soil, Flow-through 
and Puddles water, and water from irrigation pipes 
and pond, were immediately processed for isolation 
of oomycetes in the laboratory, using the baiting tech-
nique outlined in Figure 1. The analysis was conducted 
according to ‘Baiting Method 1’ described by Burgess 

et al., 2021, with the following exceptions: each sam-
ple was analysed in duplicate (two containers each); 
containers were 280 × 190 × 140 mm deep, filled with 
a final volume of 3 L of distilled water. Baits used were 
young leaves of Hedera sp. or young leaves and rose pet-
als of Quercus ilex (Figure 1); all isolation culture plates 
were incubated at 20°C in the dark, and checked daily 
for growth of oomycetes.

DNA sequencing

Cultures were transferred onto ‘½ PDA’ medium 
plates (19.5 g L-1 of Potato dextrose agar, 7.5 g L-1 of 
Agar, 1 L of deionized water). Aerial hyphae (ca. 80 mg) 
were scraped from the surface of each culture, and then 
ground in a 2 mL capacity microfuge tube with two 
tungsten beads (3 mm) (Qiagen) and 400 µL of Buff-
er P1 (EZNA Plant DNA Kit, Omega Bio-tek), using a 
Mixer Mill 300 (Qiagen) set for 2 min at 20 Hz. DNA 
was extracted from all samples using the EZNA Plant 
DNA Kit (Omega Bio-tek), following the manufacturer’s 
instructions. The DNA concentrations were measured 
using a Nanodrop ND1000 spectrophotometer (Nan-
oDrop Technologies). For phylogenetic analyses, the 
internal transcribed spacer ITS regions (including spac-
ers ITS1 and ITS2 and the 5.8S gene of the rDNA) were 
amplified using the primers ITS6 and ITS4 (White et 
al., 1990; Cooke et al., 2000), following the protocol by 
Migliorini et al. (2020). PCR amplicons were purified 
with a miPCR Purification Kit (Metabion International), 
and were sequenced in one direction by Macrogen (Seoul, 

Table 1. Sources of the samples collected form two nurseries. The 
samples consisted of potted plants, potted plant ‘flow-through 
water’ and water from the irrigation systems. Plant samples from 
the two nurseries of different species. Water samples from N1 were 
collected from the irrigation pipe and the irrigation pond, and sam-
ples from N2 were from the irrigation pipe, runoff nursery water, 
and puddled water present in the nursery.

Sample source

Nursery
Potting 

Soil

Water

1 2 Irrigation 
system

Flow-
through

Irrigation pond / /
Irrigation pipe / /
Cupressus sempervirens / / /
Fagus sylvatica / / /
Ilex aquifolium / / /
Myrtus communis / / /
Pinus nigra / / /
Ulmus minor / / /
Viburnum tinus / / /
Irrigation pipe / /
Runoff water / /
Puddles / /
Magnolia grandiflora / / /
Choisya ternata / / /
Choisya ternata ‘Aztec Pearl’ / / /
Ceanothus concha / / /
Elaeagnus angustifolia / / /

Figure 1. Baiting of water and potted plant samples. Containers 
were 280 × 190 × 140 mm deep, and each contained 3 L of distilled 
water. Baits used were young leaves of Hedera sp. and Quercus ilex, 
and rose petals.
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South Korea). The qualities of amplified nucleotide 
sequences were checked with the Geneious ver. R10 soft-
ware package (Biomatters; https://www.geneious.com/).

Phylogenetic analyses

BLAST searches of the generated sequences were 
carried out using the NCBI GenBank database (https://
blast.ncbi.nlm.nih.gov/Blast.cgi), to identify the most 
closely related sequences. Isolate sequences of Pythiaceae 
were compared to those of known Pythium and Phytopy-
thium spp. obtained from GenBank. The ITS sequences 
of Phytopythium and Pythium were from Pythium kash-
mirense (HQ643671), Phytopythium vexans (HQ643400) 
(Robideau et al., 2011) or Phytopythium paucipapillatum 
(KX372749, Crous et al., 2020). BLAST searches of the 
generated ITS gene sequences of Phytophthora were car-
ried out using a custom database to identify the most 
closely related sequences. The Phytopthtora database 
sequences were from the type isolates found on IDPhy 
(Abad et al., 2023). The BLAST search of Phytophthora 
and the subsequent phylogenetic analysis, and the anal-
yses of Pythium and Phytopythium, were conducted at 
Geneious. Sequences were aligned using the MAFFT 
alignment within Geneious, using the default param-
eters. Phylogenetic trees were constructed in Geneious 
Tree Builder using the Neighbour-Joining Method 
(Genetic Distance Model: HKY). Bootstrap was selected 
as Resampling method (2000 Number of Replicates). 
Gaps were treated as missing data.

RESULTS

Thirty-eight isolates were obtained in this study, of 
which four were from N1 (Florence) and 34 were from 
N2 (Pistoia). Twenty-seven of the isolates were from 
water samples, including 12 from Run-off, 13 from Flow-
through, two from Puddles, and one from the irrigation 
pond. Ten isolates were obtained from Potting soil. The 
ITS sequences were sufficient to identify each isolate. The 
15 detected species were: Phytophthora acerina, Phytoph-
thora cactorum, Phytophthora cambivora, Phytophthora 
chlamydospora, Phytophthora cinnamomi, Phytophthora 
gonapodyides, Phytophthora hydropatica, Phytophthora 
lacustris, Phytophthora multivora, Phytophthora nicotia-
nae, Phytophthora plurivora, Phytophthora pseudocryp-
togea (Figure S1), Pythium kashmirense, Phytopythium 
paucipapillatum, Phytopythium vexans (Figure S2). Three 
isolates of Pythium and Phytopythium, and one of Phy-
tophthora gonapodydes were obtained from N1. All the 
other Phytophthora species, including P. gonapodyides, 

were isolated from N2 (Table S1). Sequences were depos-
ited in the GenBank (Table S1).

Phytophthora taxa

Twelve Phytophthora spp. were isolated from N2, 
and one isolate of P. gonapodydes was obtained from N1 
(Table 2). Seven different Phytophthora spp. were detect-
ed in Run-off water samples, four each in Flow-through 
and Potting soil samples, and one was detected in Pud-
dles samples, while none were detected in the irrigation 
pond (Table 2, Figure 2). Several Phytophthora species 
were detected from N2, from different matrices and/
or plant species: P. cinnamomi from Flow-through of 
Magnolia grandiflora and Ceanothus concha, and from 
Potting soil of C. concha and Elaeagnus angustifolia; P. 
gonapodyides from Run-off water and Puddles; P. nico-
tianae from Potting soil of Choisya ternata ‘Aztec Pearl’, 
and Flow-through of C. ternata and C. concha; P. plu-
rivora from Flow-through of M. grandiflora and C. ter-
nata ‘Aztec Pearl’, and from Run-off water (Table 2). 
Ceanothus concha was the plant species from which the 
largest number of Phytophthora species were isolated (P. 
cinnamomi and P. nicotianae from Flow-through and P. 
cactorum, P. cinnamomi and P. multivora from Potting 
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Figure 2. Distributions of the twelve Phytophthora spp. isolated in 
this study, across the four isolation matrices (Runoff water, Flow-
through, Potting soil or Puddles). Each rectangular unit represents 
one detection of each pathogen per matrix per plant species. The 
double rectangular units for P. cinnamomi, P. nicotianae and P. plu-
rivora indicate that these organisms were detected from the same 
isolation matrix in two different plant species (see Table 2 for taxo-
nomic details).
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soil), followed by C. ternata ‘Aztec Pearl’ (P. plurivora 
and P. pseudocryptogea from Flow-through and P. nico-
tianae from Potting soil), M. grandiflora (P. cinnamomi 
and P. plurivora from Flow-through), E. angustifolia (P. 
cinnamomi from Potting soil) and C. ternata (P. nicotia-
nae from Flow-through) (Figure 3).

DISCUSSION

Several cases of spread of different Phytophthora 
species have been reported from non-commercial plant 
restoration nurseries into wild areas, where these oomy-
cetes had not been previously detected (Rooney-Latham 
et al., 2015, 2019). In the present study, however, in the 
non-commercial nursery (N1) only one Phytophthora 
sp. was detected, as a single isolate. In contrast, several 
Phytophthora spp. known as pathogens of different host 

plant species, and from different isolation matrixes, were 
found in the commercial nursery (N2), including 12 spe-
cies from six Phytophthora clades.

Several important pathogens, including P. cactorum, 
P cinnamomi, P. pseudocryptogea, P. nicotianae and P. 
plurivora, were isolated from one location. All of these 
Phytophthora spp. are classified as polyphagous spe-
cies, which are well-adapted to nurseries, forestry, and 
agricultural environments (Jung et al., 2018). Within 
this group, P. cinnamomi is particularly important. This 
organism is one of the most devastating plant pathogens, 
in terms of geographic distribution and host range. It 
has been listed as one of the 100 worst invasive species 
(Burgess et al., 2017), and is well-known as the cause 
of large-scale dieback of Eucalyptus (jarrah dieback) in 
Australian forests (Dell and Malajczuk, 1989) and as a 
cause of oak decline in the Iberian Peninsula (Brasier et 
al., 1993).

Table 2. List of Phytophthora species obtained in this study. The table indicates the nursery of provenance, if the pathogen was isolated from 
one of the sampling categories, including Runoff water, Flow-through, Puddles, irrigation pond or from Potting soil. Plant species from 
which Flow-through and Potting soil isolates were obtained are also indicated. Numbers of total species and total species from each isola-
tion matrix in each plant species per each matrix are also summarized.

Phytophthora species

Nursery

Plant species

Isolation matrix

1 2

Water

Potting soil
Runoff water Flow-through Puddles Irrigation 

pond

P. acerina / /
P. cactorum / Ceanothus concha /
P. cambivora / /
P. chlamydospora / /
P. cinnamomi / Magnolia grandiflora /

/ Ceanothus concha /
/ Ceanothus concha /
/ Elaeagnus angustifolia /

P. gonapodyides / /
/ /

P. hydropatica / /
P. lacustris / /
P. multivora / Ceanothus concha /
P. nicotianae / Cupressus sempervirens /

/ Choisya ternata ‘Aztec Pearl’ /
/ Choisya ternata /
/ Ceanothus concha /

P. plurivora / Magnolia grandiflora /
/ /
/ Choisya ternata ‘Aztec Pearl’ /

P. pseudocryptogea / Choisya ternata ‘Aztec Pearl’ /

Species per isolation matrix per plant species 7 7 1 0 6
Total species 1 12 7 4 1 0 4
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During the present study, P. cinnamomi was detect-
ed from three plant species, and from potting soil and 
flow-through water, underlining the potential spread of 
viable inoculum across a nursery. Phytophthora nicotia-
nae was similar, being found on three host species and 
in the same isolation matrices. Like P. cinnamomi, P. 
nicotianae is a severe disease agent of many plant taxa, 
but apart from ornamentals and citrus trees, it is not 
responsible for dieback diseases of woody plants in the 
wild (Brasier et al., 2022). Phytophthora cactorum, P. 
pseudocryptogea, and P. plurivora are notorious root and 
collar rot disease agents on many hosts, but while P. cac-
torum and P. pseudocryptogea have broad host ranges 

including herbaceous and crop species (Hudler, 2013; 
Delshad et al., 2020), P. plurivora is mainly a woody host 
pathogen, both in woodland and on ornamentals (Jung 
and Burgess, 2009).

Phytophthora acerina, P. cambivora and P. multivora 
are aggressive woody plant pathogens that were found 
during the present survey.  Phytophthora acerina was 
first reported on Acer pseudoplatanus and olive trees 
in northern Italy, and recently on Metasequoia glyptos-
troboides in China (Liu et al., 2022) and walnut trees in 
California (Forbes et al., 2019). Phytophthora cambivora 
has been frequently reported as the cause of ink dis-
ease of chestnut trees in southern and eastern Europe 

Figure 3. Phytophthora spp. isolated in this study from five plant hosts. The two columns in each histogram indicate the isolate sources 
(Flow-through or Potting soil; see text).



495Phytophthora spp. diversity in commercial nursery stocks

(Vettraino et al., 2005; Černý et al., 2008), but this is 
also a species with broad international distribution and 
associated with declining trees. Phytophthora multivora 
is known as a dieback and bleeding canker agent in for-
est (Scott et al., 2009, 2012) and urban trees of Western 
Australia (Barber et al., 2013), where it has been demon-
strated to be highly pathogenic on multiple native plants 
(Migliorini et al., 2019). This species is now considered a 
significant pathogen with a wide host range and broad 
international distribution in nurseries, urban environ-
ments and natural ecosystems, and has been widely 
detected, mainly in nurseries of woody plants (Migliorini 
et al., 2019; other reports cited elsewhere in this paper). 

The other Phytophthora spp. detected in this survey 
included aquatic species that are common in nurseries 
but have not been associated with severe pathogenic-
ity traits. These included P. gonapodyides, P. lacustris, 
P. chlamydospora from clade 6, and P. hydropatica from 
clade 9.

Other species of Pythiaceae were also detected in the 
present study. These belong to genera known for their 
pathogenicity on woody plants. However, these organ-
isms are secondary concerns in mature potted plants 
cultivated in ornamental nurseries, as they are primar-
ily damping-off agents affecting young hosts during the 
seedling stages. Pythium kashmiriense and Phytopy-
thium paucipapillatum are rare soilborne species, which 
have been detected only once, respectively, in Europe 
(Benavent-Celma et al., 2021) and South Africa (Crous et 
al., 2020). Phytopythium vexans has aggressiveness and 
dissemination capabilities that are similar to some of the 
most pathogenic Phytophthora spp. isolated in the pre-
sent study, although this pathogen does not exhibit the 
same levels of invasiveness in forests and natural envi-
ronments (Panth et al., 2021). Notably, P. vexans was the 
only relevant pathogen obtained in the non-commercial 
nursery.

The outcomes of this research indicate that the dif-
ferent plant production procedures used in two potted-
plant nurseries may have determined their levels of bios-
ecurity, emphasising that the implementation of effective 
management practices should be a priority in commer-
cial nurseries. Both N1 and N2, the first with little pres-
ence of Phytophthora, the second with abundant Phy-
tophthora spp. associated with all the different analysed 
sample types, did not utilize any biosecurity practises, 
such as filtering of irrigation water prior to use, culti-
vation of potted plants on benches, and use of pre-ster-
ilized potting soil. It is probable that the difference in 
production procedures led to the difference in pathogen 
abundance between the two nurseries, both in patho-
gen taxa and their spatial distributions. The produc-

tion techniques in N2, which did not differ from those 
of most of the retail nurseries located in the same area, 
were characterised by the constant input of propagation 
material from other producers. This practice is known 
to be linked to high biological risks, due to the potential 
abundance of pathogens (Ghelardini et al., 2016; Eschen 
et al., 2017). The non-application of simple, effective 
safety practices encourages spread and persistence of all 
newly introduced Phytophthora species within nurseries 
and results in losses to customers and to final recipients 
of plants, causing financial damage. The lack of bios-
ecurity measures will lead to further ecological impacts 
where plants will be finally planted, both on large scales, 
through international trade in pot plants contaminated 
with pathogens, and locally, with spread of Phytophthora 
in areas neighbouring nurseries through contaminated 
irrigation water. This last aspect was documented in the 
present study, which detected up to seven species in N2 
runoff water.

In conclusion, the results of this research demon-
strate that non-adoption of internal prevention protocols 
aimed at systemic control of Phytophthora spp. in com-
mercial nurseries can lead to severe economic losses. 
In this specific case, the N2 growers and traders were 
briefed on the necessary actions to be taken to imple-
ment a progressive process limiting infected propagation 
material and, consequently, producing and selling potted 
material that is not contaminated with Phytophthora spp.
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