
Canadian Journal of Plant Pathology

ISSN: 0706-0661 (Print) 1715-2992 (Online) Journal homepage: www.tandfonline.com/journals/tcjp20

Surveys of nurseries, forests and waterways
in Minnesota revealed the presence of 14 new
records of Phytophthora species

Nickolas N. Rajtar, Tessa Kothlow, Michelle Grabowski & Robert A.
Blanchette

To cite this article: Nickolas N. Rajtar, Tessa Kothlow, Michelle Grabowski & Robert A.
Blanchette (01 Aug 2025): Surveys of nurseries, forests and waterways in Minnesota revealed
the presence of 14 new records of Phytophthora species, Canadian Journal of Plant Pathology,
DOI: 10.1080/07060661.2025.2531385

To link to this article:  https://doi.org/10.1080/07060661.2025.2531385

View supplementary material 

Published online: 01 Aug 2025.

Submit your article to this journal 

View related articles 

View Crossmark data

Full Terms & Conditions of access and use can be found at
https://www.tandfonline.com/action/journalInformation?journalCode=tcjp20



Forest Diseases / Pathologie Forestière

Surveys of nurseries, forests and waterways in Minnesota revealed 
the presence of 14 new records of Phytophthora species
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Abstract: Many Phytophthora species are plant pathogens with the capacity to inflict extensive damage and economic losses in 
nurseries, forest stands and other urban and natural landscapes. This survey aimed to study the Phytophthora species present in 
Minnesota, USA, and assess the potential damage these Phytophthora could cause to Minnesota’s urban and natural environments. 
From 2020 to 2023, soil, plant biomass and water were collected from managed and natural forests, nurseries and natural and manmade 
waterways from 15 counties in Minnesota. Forest sampling was done on stands of trees that had visible signs of stress with some 
canopy defoliation, canopy chlorosis or tree mortality. Soil and water samples were baited with rhododendron leaves or pears to isolate 
Phytophthora. Necrotic plant tissue from baits and symptomatic plant tissue collected in the field were cultured on PARPH, a selective 
medium for Phytophthora. Genetic sequencing was performed to ascertain the presence and specific identities of Phytophthora species. 
The survey identified 22 Phytophthora species across 15 counties in Minnesota. Of note, 14 species were identified that had not been 
previously recorded in Minnesota. Several of the species found may have the capability to cause serious damage to woody plants. 
Additional studies will determine their potential threat.
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Résumé: De nombreuses espèces de Phytophthora sont des agents pathogènes des plantes capables de causer d’importants dégâts et 
des pertes économiques dans les pépinières, les peuplements forestiers, ainsi que dans les paysages urbains et naturels. Cette étude avait 
pour objectif d’identifier les espèces de Phytophthora présentes au Minnesota, aux États-Unis, et d’évaluer les dommages potentiels 
qu’elles pourraient provoquer dans les environnements urbains et naturels de l’État. Entre 2020 et 2023, des échantillons de sol, de 
biomasse végétale et d’eau ont été collectés dans des forêts gérées et naturelles, des pépinières ainsi que dans des voies d’eau naturelles 
et artificielles réparties dans 15 comtés du Minnesota. L’échantillonnage en forêt a été réalisé sur des peuplements d’arbres montrant 
des signes visibles de stress, comme une défoliation partielle du couvert, une chlorose du feuillage ou la mortalité des arbres. Les 
échantillons de sol et d’eau ont été appâtés avec des feuilles de rhododendron ou des poires pour isoler Phytophthora. Les tissus 
végétaux nécrosés provenant des appâts et les tissus symptomatiques collectés sur le terrain ont été cultivés sur le milieu sélectif 
PARPH, spécifique à Phytophthora. Un séquençage génétique a été réalisé pour confirmer la présence et identifier précisément les 
espèces de Phytophthora. L’enquête a permis d’identifier 22 espèces de Phytophthora dans les 15 comtés du Minnesota. Il est à noter 
que 14 de ces espèces n’avaient jamais été recensées auparavant dans l’État. Plusieurs des espèces détectées pourraient potentiellement 
causer des dommages importants aux plantes ligneuses. Des études complémentaires seront nécessaires pour évaluer leur niveau de 
menace.
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Introduction

Phytophthora, a genus of water moulds in the class 
Oomycetes, has had a profound history of causing 
extensive damage and economic losses to nurseries, 
forest stands and landscapes worldwide (Schwingle 
and Blanchette 2008; Hansen et al. 2012; Hulbert 
et al. 2017). With over 5,000 hosts, including trees, 
agronomic crops and ornamental plants, Phytophthora 
causes some of the world’s most destructive plant 
diseases (Yang et al. 2017). For instance, P. ramorum 
causes sudden oak death and ramorum blight, which 
has resulted in an estimated 35–40 million killed trees 
in the family Fagaceae in coastal California and south
western Oregon, while P. cinnamomi causes a decline 
and death of many woody plants and is considered 
one of the most devastating plant pathogens in the 
world (Rizzo et al. 2002; Rizzo and Garbelotto 2003; 
Yang et al. 2017; Hardham and Blackman 2018; 
Weiland 2021; Shamoun et al. 2024).

Minnesota’s forests are economically important for lum
ber, tourism and recreation. Pathogenic Phytophthora spe
cies that negatively impact common tree species are of 
serious concern. These Phytophthora have the potential to 
cause widespread losses in urban settings, nurseries and 
forest systems. Some of the most susceptible hosts include 
oaks, rhododendrons and larch (King et al. 2015; 
Garbelotto et al. 2021; Schweigkofler et al. 2022).

In Minnesota, oak species comprise nearly 25% of 
prairie parkland ecosystems, 35% of eastern broadleaf 
forests and 7% of Laurentian mixed forests. 
Additionally, larch or tamarack comprise nearly 2% of 
eastern broadleaf forests and 10% of Laurentian mixed 
forests in Minnesota (Hillard et al. 2022). This wide host 
range, combined with Phytophthora’s ability to cause 
devastating disease, highlights the ecological and eco
nomic threats posed by Phytophthora and its potential to 
affect biodiversity and the functionality of the 
ecosystem.

Nursery systems and plant trade appear to be major 
pathways for spreading Phytophthora species globally 
(Hulbert et al. 2017; Weiland 2021). A recent study indi
cates that P. ramorum (and other Phytophthora species) can 
arrive at new locations via infected nursery material and 
survive in the soil for up to three years (Peterson et al.  
2022). These plant materials from different regions can 
potentially introduce new Phytophthora species to the 
state (Garbelotto et al. 2018). Such introductions could 
have significant economic and environmental repercus
sions, underscoring the importance of this study. This threat 
is a concern that is particularly relevant to Minnesota, 

where nurseries ship and receive plant material between 
states. Of additional concern for Minnesota is that disease 
diagnosis in nurseries is typically only performed using 
rapid serological tests (B. Arenz, personal communication, 
15 May 2024), resulting in only genus-level identification 
of pathogens. As a result, an important gap in knowledge 
exists which may prevent appropriate mitigation measures 
from being taken as species identification is necessary to 
determine risk assessment. Previous surveys in 2007 and 
2008 detected several important species of Phytophthora in 
Minnesota in nurseries, including P. citricola, 
P. citrophthora, P. xcambivora, P. cactorum, P. europea, 
P. rubi (P. fragariae var. rubi) and P. nicotianae (Balci et al.  
2007; Schwingle and Blanchette 2008).

The introduction and spread of Phytophthora in 
a nursery setting may be difficult to eradicate once 
established. A particular challenge related to preventing 
the spread of Phytophthora is that it can lay dormant and 
undetected in the soil of potted plants and survive for 
long periods of time as chlamydospores (Hwang 1978; 
Migliorini et al. 2023). The overland spread of 
Phytophthora occurs from the dissemination of sporan
gia and zoospores causing plant infection (Shishkoff  
2007). Once in a nursery setting, Phytophthora can 
easily spread via irrigation water or water splash via 
motile zoospores, increasing the distribution of the 
pathogen due to the close proximity of plants in 
a nursery setting (Pettitt et al. 2008; Antonelli et al.  
2022; Migliorini et al. 2023; Green et al. 2025).

While surveying nurseries for Phytophthora is 
a common focus of investigations, forest stands and 
waterways are often overlooked. These locations encom
pass larger areas to be surveyed compared to nurseries, 
and the Phytophthora species found in these areas may 
differ from those found in nurseries (Hulvey et al. 2010; 
Jung et al. 2017; Bily et al. 2022; López-García et al.  
2024). Sampling in forests will allow for detection of 
pathogens that arrive via other pathways like hikers’ 
shoes (i.e., P. ramorum) or carried on logging equipment 
or recreational vehicles. In addition, monitoring of forest 
environments is important to determine if species intro
duced through the nursery pathway are escaping into 
natural ecosystems.

Baiting waterways including rivers, streams, lakes 
and ponds is critical for the detection of species that 
may not have been found on land and is often used as 
an early detection method for Phytophthora species. 
Phytophthora has been successfully detected via water
ways by baiting with rhododendron leaves in the United 
States and around the world (Reeser et al. 2011; Luchi  
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2022; Bourret et al. 2023). Streams and rivers present 
a unique sampling opportunity as the area being 
sampled is non-static and the sampling surface is con
sistently changing, thus increasing the likelihood of 
successfully baiting for Phytophthora. The 
Phytophthora species detected via waterways are often 
hybrids or undescribed species (Hulvey et al. 2010; 
Burgess 2015; Stamler et al. 2016; Bily et al. 2022).

Thus, sampling at each type of location is necessary 
to detect unique species of Phytophthora. Surveying 
nurseries, forest stands and waterways can provide 
a better understanding of which Phytophthora species 
are present in the state of Minnesota. The study pre
sented here was done to survey Minnesota nurseries, 
forest systems and waterways for Phytophthora and to 
describe which Phytophthora species are present in the 
state, including those new to the state, and to determine 
where they occur. While this survey is geographically 
focused on Minnesota, USA, the findings have broader 
implications for the Great Lakes region and other areas 

with similar climatic conditions, ecological composi
tions, and plant trade pathways.

Materials and methods

Between 2020 and 2023, samples were collected from 
across Minnesota to determine the presence of 
Phytophthora. Soil, plant biomass and waterways were 
assessed for their potential to harbour Phytophthora species.

Nurseries

Between 2022 and 2023, 32 nurseries from 20 counties 
in Minnesota were sampled to identify the species of 
Phytophthora present (Fig. 1). Sampled nurseries were 
chosen because they had both in-ground plant material 
and they brought in plant material from other states. This 
represents a pathway and place for establishment of the 
pathogen. Selection from a diversity of counties was also 
a factor in site selection.

Fig. 1 A dot density map of the counties in Minnesota that nursery samples were taken from between the years of 2022 and 2023. Blue dots 
indicate sampling only occurred in that county in 2022, orange dots indicate that sampling only occurred in that county in 2023 and purple 
dots indicate sampling occurred in that county in both years. The number of dots correspond to the number of sampling sites in that county. 
However, the placement of the dot in the county is random and does not correspond to the actual site of sampling in order to preserve 
confidentiality.
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Samples consisting of 500 grams of soil were col
lected from areas with standing water, cull piles and 
soil from symptomatic potted plants at 29 of the 32 
nurseries. One sample was collected per site two times 
per year for a total of 58 soil samples per year. Spring 
sampling occurred in May or June and fall sampling 
occurred in August or September each year. Soil was 
collected in quart-sized Ziploc® bags or sterile Whirl 
Pak® bags and brought to the laboratory for analysis.

Three nurseries were chosen for more frequent and 
diverse sampling; one nursery was located in 
Washington County, one nursery in Dakota County and 
one nursery in Hennepin County. The three nurseries 
were sampled once in the spring, twice in the summer 
and once in the fall to allow for sampling of diverse 
plant hosts. The nursery inspections focused on plants 
and trees that are known to be hosts for Phytophthora. 
These plants and trees included rhododendron and azalea 
(Rhododendron spp.), oak (Quercus spp.), maple (Acer 
spp.), lilac (Syringe spp.) and larch (Larix spp.). Plant 
biomass was collected from symptomatic plants (dieback 
on stems of plants, dead plant tissue and leaves with 
brown spots/lesions). Soil and plant material, which 
included roots, leaves, and above the soil plant biomass, 
were collected and placed in sterile Whirl Pak® bags and 
brought to the laboratory for analysis.

Waterways at two of the three selected nurseries were 
sampled for Phytophthora using baits. Waterways con
sisted of irrigation ponds, rivers, lakes and streams. One 
water trap was placed at each location. The water traps 
consisted of a metal mesh fish enclosure that was baited 
with two Anjou pears and a mesh bag filled with 15 
freshly cut rhododendron leaves (Luchi 2022). Water 
traps were set approximately 30 feet from shore, sub
merged two feet underwater, and anchored to a metal 
stake on shore to keep them from floating away. Traps 
were checked every 5 days from May to August. Pears 
and rhododendron leaves with lesions indicative of pos
sible pathogen presence were removed, placed in sterile 
Whirl Pak bags, and brought to the laboratory for isola
tion. Fresh bait was added to the traps to replace 
samples.

Forests

Forest soil was collected in the summer and fall of 
2020–2022. Forest soil samples were collected from 
eight counties around Minnesota. Sampling focused on 
stands of trees that had visible signs of stress with some 
canopy defoliation, leaf or needle chlorosis, stunted 
growth and/or tree mortality. Sampled species included 

Acer rubrum, Acer saccharinum, Betula pappyrifera, 
Fraxinus nigra, Juglans nigra, Pinus resinosa, Populus 
deltiodes, Populus tremuloides, Tilia americana, 
Quercus macrocarpa and Quercus rubra. Soil was 
taken from three trees in each stand at three different 
locations near each tree: 1) at the base of the tree, 2) 
three feet from the base of the tree and 3) at the dripline 
of the tree at approximately three to four inches deep. 
This sampling process was done to ensure good coverage 
of the rootzone. Approximately 500 g of soil was taken 
from each of the three sampling locations per site and 
was placed in quart-sized Ziploc bags and brought to the 
laboratory. There were 12 sites sampled across the eight 
counties and three soil samples taken from each site for 
a total of 36 samples.

Urban

Four urban lakes were sampled during the summer of 
2022 for Phytophthora using baits. The urban lakes were 
selected for their proximity to landscape plantings or 
houses with landscapes to allow for the detection of 
potential Phytophthora species in the waterways. The 
water sample collection in urban waterways was per
formed in the same manner as waterway sampling at 
nurseries.

Isolation of Phytophthora

Plant samples, including symptomatic leaves, stems and 
roots from nursery plants as well as rhododendron leaves 
and pears used as bait, were briefly surface sterilized in 
10% bleach and then rinsed with deionized water to 
remove surface contaminants. Chocolate brown circular 
leaf lesions from rhododendron baits or symptomatic 
nursery plants were cut from the leading edge of the 
lesion and if there were multiple lesions per sample, 
each lesion was sampled. Samples were cut into one 
centimetre by one centimetre pieces with a sterile scalpel 
and forceps and placed into PARPH, a Phytophthora 
selective medium (Ferguson and Jeffers 1999). The 
PARPH consisted of 950 mL deionized water, 50 mL 
clarified V8 juice and 15 g Difco agar, which was auto
claved for 30 minutes and allowed to cool to 50°C. Then, 
5 mL of PCNB (pentachloronitrobenzene), 1 mg of 
rifampicin (dissolved in 1 mL of methanol) and 50 mg 
of hymexazol were added.

Similarly, pear and rhododendron leaves collected 
from water baits were isolated onto PARPH agar. The 
pears were assessed for water-soaked chocolate brown 
lesions indicative of Phytophthora. A one centimetre by 
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one centimetre piece was taken from the leading edge of 
the pear lesion with a sterile scalpel and forceps and 
placed into PARPH agar. If there were multiple lesions 
per pear, each was plated onto PARPH agar. For branch, 
stem and root samples, the outside bark was removed, 
and 1 cm × 1 cm samples were taken from the phloem 
and xylem using a sterile scalpel and placed into PARPH 
agar.

A modified version of the procedure described by 
Bernhardt and Swiecki (2019) was used to isolate 
Phytophthora from soil samples. A sub-sample of 400  
g of soil was transferred from each field sample into 
a sterile plastic gallon bag. The sub-sample was brought 
to field capacity with deionized water and incubated with 
the top sealed at 20°C for three days. After three days, 
Anjou pears were added to the soil bags with one pear 
being added to each bag. The pear was placed into but 
not under the soil sample. Bags were filled with deio
nized water until 2/3 of the pear was covered. For 
a negative control, Anjou pears were placed in a plastic 
bag filled with deionized water, covering 2/3 of the pear. 
The tops of the bags were left open and the pears were 
checked daily for the presence of firm chocolate brown 
lesions, indicative of possible Phytophthora infection. 
Pears with suspect lesions were isolated by taking 
a one centimetre by one centimetre sample from the 
leading edge of the lesion using a sterile scalpel and 
forceps and plated on PARPH agar.

Molecular identification of Phytophthora isolates

All isolation plates were incubated at room temperature 
(20°C) for 5 to 10 days. Plates with white mycelial growth 
were examined under the microscope and all isolates with 
branched hyphae, sporangia or oospores were transferred to 
PARPH. Isolates believed to be Phytophthora were then 
transferred to a separate PARPH plate to obtain a pure 
culture. Pure cultures were incubated for 14 days at 
20°C. A cetyltrimethylammonium bromide (CTAB) 
extraction was performed with fresh mycelia from pure 
cultures to extract the genomic DNA of each 
Phytophthora culture (Blanchette et al. 2016). The mito
chondrially encoded cytochrome c oxidase subunit 2 gene 
(COX2) was amplified via polymerase chain reaction 
(PCR) using a Phytophthora-specific primer pair 
COXII_FM35: 5’CAG-AAC-CTT-GGC-AAT-TAG-G-3’ 
and COXII_FMPhy-10b: 5’GCA-AAA-GCA-CTA-AAA- 
ATT-AAA-TAT-AA-3’ (Choi et al. 2015). PCR parameters 
were: an initial denaturation step of 95°C for 4 min; 36 
cycles of 95°C for 40 s, 55°C annealing temperature for 
40 s and 72°C extension for 60 s; and final extension 

of 5 min at 72°C (Martin and Tooley 2003; Kroon 
et al. 2004; Schwingle et al. 2007; Choi et al. 2015). 
Gel electrophoresis was performed using SYBR green 
I pre-stain and read with a Dark Reader DR45 to 
confirm successful PCR reactions. Sanger sequencing 
was completed for both forward and reverse COXII 
primer pairs (Applied Biosystems – Foster City, CA). 
Sequences were assembled in Geneious Prime 
2024.0.3 (https://www.geneious.com). NCBI BLASTn 
was used to compare sequences to known taxa in 
GenBank using the megablast option in GenBank.

Phytophthora species identified as new to the state and 
being previously unreported from Minnesota underwent 
additional sequencing to confirm their species identifica
tion. Phylogenetic trees were made based on each 
Phytophthora clade for identification. The internal tran
scribed spacer region of the rDNA was amplified via 
PCR using the primer pair ITS5 and ITS4 (Gardes and 
Bruns 1993; Abad et al. 2023). Gel electrophoresis and 
Sanger sequencing were completed for both forward 
ITS5 and reverse ITS4 to obtain consensus sequences. 
Consensus sequences were assembled in Geneious Prime 
2024.0.3 (Geneious 2023) and used to create phyloge
netic trees with known species in GenBank from each 
clade (Abad et al. 2023). Phylogenetic relationships were 
obtained and calculated using Geneious Prime 2024.0.3, 
using the MAFFT v7.490 alignment tool and MrBayes 
3.2.6 plugins for Bayesian analysis. The parameters for 
the phylogenetic trees were 1.1 × 106 MCMC genera
tions, which were used with a sampling frequency of 
every 200 generations and the first 10% of sampled trees 
discarded as burn in (Held et al. 2020). This method of 
identification is consistent with the United States 
Department of Agriculture’s (USDA) recommended pro
cedures (Abad et al. 2023).

Statistical analysis

Descriptive analysis of the isolated Phytophthora species 
was performed in R version 4.1.3 (Wickham 2016; 
R Core Team 2022) the package ‘ggplot2’ was used to 
generate figures. The frequency of species and clades 
detected were illustrated with bar graphs and heatmaps, 
stratified by host and sample location.

Results

Phytophthora species detected

A total of 460 Phytophthora isolates from across 
Minnesota were recovered on selective media and iden
tified using Sanger sequencing with COX2 primers for 
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initial species identification and ITS5 and ITS4 primers 
to confirm species identity of Phytophthora species that 
were new to the state of Minnesota (Fig. 2). The BLAST 
search identified 22 different species with 97% or higher 
similarity to a published GenBank sequence. The most 
common Phytophthora species detected were P. pini 
(113), P. cactorum (92), P. lacustris (76), P. honggalle
glyana (59) and P. nicotianae (33). The other species of 
Phytophthora were detected at lower frequencies.

Phylogenetic analysis of previously unreported 
Minnesota species is depicted in Supplementary Figs S1– 
S6. Phylogenetic trees for clades 2, 3, 4, 6, 8, 9 and 
10 highlight several new-to-the-state species. 
Phytophthora species were separated into their respective 
clades to help with positive detection and accurate identi
fication. Phytophthora species in each clade were grouped 
together to make phylogenetic trees. Specifically, the phy
logenetic tree for clade 6 incorporates four new-to-the- 
state species, while the tree for clade 9 has three species.

The species of Phytophthora detected varied by loca
tion (Fig. 3). In total, 15 species (186 isolates) were 
identified in forest samples, 26 (261 isolates) in nursery 
samples and three (13 isolates) in urban samples (Fig. 3). 
The Phytophthora species most frequently isolated from 
urban landscapes were P. honggalleyglana and 
P. rosacearum. The most frequently detected species 

from nurseries were P. lacustris, P. cactorum and 
P. pini. In forest landscapes, the most frequently detected 
species were P. pini, P. cactorum and P. cambivora. 
Many species were found in at least two location types 
(often in both nursery and forest sampling). 
Phytophthora rosacearum was found in all three location 
types.

Similarly, the species and frequency of 
Phytophthora detected varied by substrate sampled 
(Fig. 4). There were 29 species (68 isolates) detected 
in soil samples, eight species (92 isolates) detected in 
water samples and seven species (68 isolates) detected 
in plant samples (Fig. 4). The most frequently isolated 
species from soil were P. cactorum, P. pini and 
P. lacustris. From water, the most common species 
detected were P. lacustris, P. honggalleglyana and 
P. gregata and in plant samples, the most frequently 
detected species were P. nicotianae, P. pini and 
P. cambivora. Soil was the most frequently sampled 
substrate and the highest number of Phytophthora 
were identified from soil. However, P. gregata and 
P. irrigata were only detected in water samples. 
Many species were identified in multiple substrates, 
including P. gonapodyides, P. nicotianae, P. irrigata 
and P. rosacearum, which were detected in water in 
addition to soil. P. cactorum, P. cambivora, 

Fig. 2 Bar graph of the frequency of Phytophthora species detected across all sampling methods from 2020–2023 in Minnesota stratified by 
new-to-the-state (orange) versus previously detected in Minnesota (blue).
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Fig. 4 Heatmap of Phytophthora species frequency detected from 2020–2023 in Minnesota by substrate. Darker shades of red indicate 
a higher frequency of detection of that species from forest, nursery or urban locations and lighter shades of orange indicate a lower frequency 
of detection by substrate. New-to-the-state species of Phytophthora are labelled with an asterisk (*) along the x-axis, whereas previously 
reported species have no asterisks.

Fig. 3 Heatmap of Phytophthora species frequency detected from 2020–2023 in Minnesota by sampling location. Darker shades of red 
indicate higher frequencies of that species from forest, nursery or urban locations and lighter shades of orange indicate lower frequencies of 
detection by location. New-to-the-state species of Phytophthora are labelled with an asterisk (*) along the x-axis, whereas previously 
reported species have no asterisks.
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P. citrophthora, P. pini and P. plurivora were detected 
in plant material in addition to soil.

First Phytophthora species records for Minnesota

Of the 22 species of Phytophthora detected in the state, 
a total of 14 are herein newly reported to Minnesota 
based on literature and database searches. Figure 4 illus
trates the frequency of each Phytophthora species 
detected, stratified by whether it was new to the state. 
The new-to-the-state Phytophthora species are 
Phytophthora lacustris, P. honggalleglyana, P. pluri
vora, P. inundata, P. pseudosyringae, P. gallica, P. rosa
cearum, P. tropicalis, P. polonica, P. chlamydospora, P. 
gregata, P. pseudocryptogea, P. irrigata and P. sansome
ana. New-to-the-state Phytophthora species were most 
frequently detected in nursery samples with 14 of the 
new species (261 isolates) from nursery samples. 
Interestingly, while only three species from 13 isolates 
were identified from urban sources, all three of these 
species were new to Minnesota.

Discussion

In our survey of 40 nurseries, eight forest locations and 
eight urban waterways, 22 species of Phytophthora were 
detected, with the most frequent species being P. pini 
(113), P. cactroum (92) and P. lacustris (76). In addition, 
our survey found 14 new-to-the-state species of 
Phytophthora that have not been previously documented 
in Minnesota. However, it is unclear if we are now 
detecting more species because they have been recently 
introduced to the state or because of the increased 
robustness of our biosurveillance investigations. Likely, 
some are recently introduced in nursery materials such as 
contaminated equipment and plant material, which is 
a well-documented pathway for the spread of 
Phytophthora (Jung et al. 2016; Migliorini et al. 2023). 
Others from forest locations and urban waterways may 
not have been previously detected since previous surveys 
were limited in number and scope.

The global nursery trade is widely recognized as a key 
pathway for Phytophthora dissemination. Surveys of 
European nurseries found an average of 3.6 
Phytophthora per site, with many species arriving via 
trade in asymptomatic plants (Jung et al. 2016). This is 
further supported by recent studies in Italy that found 
multiple Phytophthora species within single ornamental 
nurseries (Antonelli et al. 2022), as well as reports from 
Australia and California that nursery stock is often the 

source of multiple species introductions (Garbelotto 
et al. 2018; Laurence et al. 2024).

We identified two new-to-the-state species of 
Phytophthora from clade 2, isolates PHE 19–22 
(PP939060) and PHE 60–1 (PP939069). These isolates 
had ITS sequences that matched 99% and 100% to 
P. plurivora and P. tropicalis, respectively. 
Phytophthora plurivora was the third most frequent spe
cies found in the state and was most often isolated from 
soil in nursery and forest systems. Isolate PHE 19–22 
(PP939060) had an ITS sequence match of 99% with 
P. plurivora. This species has been reported as 
a pathogen on Rhododendron and Syringa in nursery 
settings in Oregon (Carleson et al. 2019). Phytophthora 
plurivora has also been reported to cause mortality in 
Alnus glutinosa in Portugal (Bregant et al. 2023). 
Detecting P. plurivora in both nursery and forest envir
onments is concerning, as it reflects similar patterns 
observed in European systems where nursery-derived 
pathogens are becoming established in natural environ
ments (Jung et al. 2016; Green et al. 2025).

Phytophthora tropicalis (PHE 60–1, PP939069) has 
been detected in California on Camillia and has been 
confirmed to be pathogenic on Camilla, Pieris and 
Rhododendron (Yakabe et al. 2009). Likewise, it has 
been detected in Virginia, where it causes foliar blight 
of Catharanthus roseus, Madagascar periwinkle (Hao 
et al. 2010). Although these plants are not widely culti
vated outdoors in Minnesota, other woody shrubs and 
perennials may be susceptible. Rhododendron is 
a frequently grown and sold perennial ornamental plant 
in Minnesota and may serve as a major host species and 
transmission pathway for new Phytophthora 
introductions.

We also identified a new-to-the-state Phytophthora 
species from clade 3, isolate PHE 13–9 (PP939058), 
matching 99% to the ITS sequence of 
P. pseudosyringae, a species known to cause root 
and collar rot in hardwoods such Quercus, Fagus 
and Alnus (Jung et al. 2003). This species is known 
to be moderately aggressive to fine roots of Quercus 
and Fagus, and moderately aggressive to Alnus (Jung 
et al. 2003). Phytophthora pseudosyringae has often 
been found in association with P. ramorum in surveys 
completed in California (Martin and Tooley 2003). 
While our study did not detect P. ramorum, the pre
sence of P. pseudosyringae is concerning as it can 
potentially cause damage to several native tree spe
cies in Minnesota, specifically Quercus and Alnus.

The most frequently isolated new-to-the-state species 
was P. lacustris (formerly Phytophthora taxon 
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Salixsoil) (Nechwatal et al. 2013). We often detected 
this species in soil and waterways in nursery and urban 
settings. This species is pathogenic to Alnus, Salix and 
Prunus species. It has been implicated in root rot of 
fruit trees including Pyrus communis (Bartlett pear), in 
North America (Nechwatal et al. 2013; Hao et al. 2020; 
Rial-Martínez et al. 2023).

Biosurveillance investigations are essential, especially 
in nursery settings, to detect and prevent the establish
ment of invasive Phytophthora species. Asymptomatic 
plant materials may also be a major pathway for intro
ducing new species in nurseries (Bienapfl and Balci  
2014). Bienapfl and Balci (2014) reported that 
Phytophthora infections in nursery plants are often 
asymptomatic, which complicates detection. Similarly, 
European surveys have shown that most Phytophthora- 
infected nursery plants appeared healthy. A survey of 
European nurseries found 49 taxa of Phytophthora over 
the course of 41 years, and the majority of the plants 
with Phytophthora appeared to be healthy (Jung et al.  
2016). The dense proximity of plants in nurseries could 
allow for the rapid spread of pathogenic species to other 
plants. Asymptomatic infection has also been implicated 
in the inadvertent introduction of Phytophthora into 
restoration sites and forest ecosystems (Parke et al.  
2010). This study suggests it is important to include non- 
symptomatic plants in future surveys.

Our survey identified many of the same species pre
viously reported in the state (Schwingle et al. 2007; 
Balci et al. 2007). However, the current investigation 
was broader in scope and scale, covering a greater geo
graphic area, including 40 nursery locations, forest 
stands from eight different counties and eight waterways 
from around the Twin Cities metropolitan area, resulting 
in 14 additional species not previously reported. Of note, 
these newly reported species were not detected during 
the 2007 nursery surveillance. This could reflect a shift 
in the species composition of Phytophthora occurring in 
the region and improvements in surveillance, such as 
expanded geographical coverage, longer sampling peri
ods and inclusion of non-symptomatic materials.

Our study emphasizes the importance of monitoring 
nurseries as a potential entry pathway for Phytophthora 
species into urban and natural landscapes. Although our 
study focused on Minnesota, the results hold important 
implications for neighbouring states and the broader 
Great Lakes region which share similar nursery trade net
works, host species and environmental conditions. Several 
of the newly detected Phytophthora species have already 
been reported in other parts of the United States, indicating 
the potential for regional movement of these pathogens 

through commerce and environmental dispersal. 
Continued regional collaboration and coordinated biosur
veillance across state lines will be critical for the effective 
management of Phytophthora and for protecting natural 
and managed landscapes in the broader region. 
Additionally, many of the species identified in the 2007 
survey of Minnesota nurseries for Phytophthora were iden
tified in forest and urban environments in our study, includ
ing P. cactorum, P. cambivora, P. citrocola, P. hedraiandra 
and P. nicotianae (Schwingle et al. 2007). It is difficult to 
determine the exact direction of the spread of Phytophthora 
in the absence of previous monitoring in urban and natural 
landscapes. The repeated detection of these species in 
nurseries supports the hypothesis that nursery plants are 
a likely entry pathway. However, the detection of some 
new-to-the-sate species exclusively in forests underscores 
the importance of surveying diverse locations.

Emerging species of Phytophthora have been shown to 
cause significant ecological and economic impacts in other 
regions. For instance, P. ramorum has caused widespread 
mortality of oaks and tanoaks in the western United States, 
prompting millions of dollars in eradication and contain
ment efforts (Cobb et al. 2020). Similarly, P. austrocedri 
has devastated native juniper populations in the United 
Kingdom (Riddell et al. 2020) and P. agathidicida is caus
ing the decline of culturally significant Agathis australis 
(kauri) forests in New Zealand (Bradshaw et al. 2020). 
Many of the new-to-the-state species we detected are 
pathogenic in other parts of the United States or globally 
and could cause large economic losses in Minnesota. While 
we did not detect some of the most serious pathogens, such 
as P. ramorum or P. xalni, we continue to be concerned 
about the potential for these pathogenic Phytophthora spe
cies to be introduced into Minnesota.

Continued biosurveillance of nurseries, forests and urban 
ecosystems is critical to detect new Phytophthora introduc
tions and to mitigate potential impacts. Future research 
directions include testing the pathogenicity of the 14 new 
species identified in this study on important woody plant 
hosts in Minnesota to evaluate their risk of establishment and 
spread in natural environments. We also plan to continue and 
expand surveillance efforts, particularly including asympto
matic material and diverse substrate types, to build a more 
comprehensive picture of Phytophthora diversity and guide 
proactive management strategies.
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