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A study of Phytophthora spp. in declining highbush blueberry
in Germany reveals that P. cinnamomi can thrive under Central
European outdoor conditions
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Abstract

Phytophthora cinnamomi and P. cactorum were detected in soil samples from a Vaccinium corymbosum stand in southern
Germany. Both species were virulent in an underbark inoculation assay and have not been reported from highbush blueberry
in Germany before. While P. cactorum is a widely distributed species in nurseries and (semi)natural habitats like forests,
field reports of P. cinnamomi in Germany are rare due to its sensitivity to frost. Its occurrence in an outdoor blueberry
stand indicates its potential to survive Central European winter periods that tend to be increasingly mild. Phytophthora cin-
namomi was also found in the substrate of young V. corymbosum nursery plants, suggesting a high degree of contamination
in commercial blueberry production and demonstrating the risk of spreading exotic invasive plant pathogens via planting
of infested nursery stock.
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Introduction

Northern highbush blueberry (Vaccinium corymbosum, Eri-
caceae) is increasingly cultivated in Germany due to a stead-
ily growing customer demand for its fruit, both for supply
via retail markets and for on-farm “pick-your-own” facili-
ties. Blueberry acreage in Germany in 2018 was more than
3000 ha, constituting a more than 60% increase compared
to 2012 (Anonymus 2019).

In summer 2020, a severe decline was observed in an
outdoor northern highbush blueberry container stand in
Lower Bavaria, southern Germany in a “pick-your-own”
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berry farm. By the end of June, approximately 30% of a
total of 1,400 plants were dead or heavily affected, showing
severe signs of disease, i.e. wilting and yellowing of foliage,
dieback of twigs and branches (Figs. 1 and 2). In addition,
root systems were severely reduced, so that affected plants
could easily be pulled out the substrate. Remaining root balls
were small, dark in colour and with a high proportion of
damaged roots. The blueberry stand was established in 2018
with young container plants purchased from a large whole-
sale nursery in Northern Germany transplanted singly into
large plastic containers (90 L), in a mixture of peat and saw-
dust, and covered with a layer of wood chips. The containers
were arranged approximately 40 cm apart, in rows spaced
about 3 m (see Fig. 1). Their bottoms were perforated for
drainage. Plants were watered from a nearby natural spring/
pond and fertilised as recommended. Initially, two varieties
were grown on the site: ‘Duke’ and ‘Bluecrop’. First visible
symptoms began to develop already in 2019 in ‘Duke’, and
several plants were replaced by newly purchased ones of
variety ‘Reka’. However, by summer 2020, all three varieties
were equally affected by the disease.

Vaccinium corymbosum is a well-known host plant of
several Phytophthora species, in particular the notorious P.
cinnamomi, causing severe disease and declines all over the

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s41348-021-00445-y&domain=pdf

770

Journal of Plant Diseases and Protection (2021) 128:769-774

Fig. 1 General view of the
affected Northern highbush
blueberry stand, with most of
the plants in the foreground
rows severely affected, dead, or
already removed

world (Sterne 1982; Tamietti 2003; Bryla et al. 2008; Larach
et al. 2009; Orlikowski et al. 2015; Lan et al. 2016; Huarhua
et al. 2018). Therefore, an investigation was initiated into the
potential involvement of Phytophthora spp. in this particular
disease outbreak.

Materials and methods
Sampling and isolation methods

Three mixed samples (approx. 1 L) of substrate ran-
domly taken from the remaining root balls of a selection
of affected plants were taken during summer and autumn
2020. A differentiation according to variety could not be
made, as the declining plants could not be readily dis-
criminated. Soil samples were brought to the laboratory
and subjected to a baiting test using young oak (Quercus
robur) leaves or blue lupine (Lupinus angustifolius) seed-
lings as baits (Erwin and Ribeiro 1996; Jung et al. 1996).
After 4-14 days, baits showing signs of infection were
scored for sporangia under a light microscope at x 80
magnification. Small segments from necrotic areas with
sporangia typical for the genus were plated onto V8 juice
agar (V8A, Jung and Nechwatal 2008) after being washed,
dipped in 80% ethanol and carefully blotted dry. Hyphae
indicative of Phytophthora spp. developing after 24 h—48 h
were transferred to fresh V8A plates and subcultured if
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needed for further purification from bacteria and Pythium
spp., and for identification.

Morphological and molecular species identification

Phytophthora isolates obtained from the substrate samples
were examined microscopically for the production and
dimensions of chlamydospores, sporangia and gametangia.
Sporangia formation was induced by flooding 1 cm squares
cut from actively growing V8A cultures for 24 h—-48 h in
nonsterile soil filtrate (Jung et al. 1996). For each isolate
each 40 sporangia, oogonia and oospores were measured if
present. Selfsterile isolates were paired with Al and A2 mat-
ing type strains of P. cinnamomi to identify whether they are
sterile or heterothallic and to which mating type heterothallic
isolates belong (Jung et al. 2020). Characteristic features
and sizes of morphological structures were compared with
descriptions and dimensions reported in the literature (Erwin
and Ribeiro 1996). Molecular identification was based on the
sequences of the internal transcribed spacer regions (ITS)
1 and ITS 2, and the 5.8S rRNA gene of the nuclear rDNA
gene cluster and the cytochrome oxidase subunit 1 gene, as
described elsewhere, using the primers ITS 6 and ITS 4 or
COXF4N and COXR4N (Cooke and Duncan 1997; Kroon
et al. 2004). Sequences were compared to those deposited in
the GenBank database at NCBI using Blast searches (https
://www.ncbi.nlm.nih.gov/BLAST).
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Fig.2 Severely damaged Northern highbush blueberry container
plant in the affected stand

Pathogenicity trial

One-year-old green V. corymbosum (variety ‘Reka’) twigs
(approx. 3 mm-5 mm in diameter) without obvious signs of
disease were collected from commercial plants purchased
from a garden centre for an underbark inoculation assay with
Phytophthora isolates, as reported earlier (Jung and Nech-
watal 2008). Eight twigs per isolate were cut to about 15 cm
length and surface disinfected by wiping with 80% ethanol.
After inoculation with agar discs of the Phytophthora iso-
lates or as a control, with non-inoculated V8A discs, twigs
were incubated at 24 °C for one week.

For a planned soil infestation assay, young Vaccinium
corymbosum plants (variety ‘Reka’) were purchased from
a large commercial nursery in northern Germany. Upon
arrival, a soil sample pooled from the root balls of all ten
plants was collected and subjected to a bait test as described
above. The test revealed a heavy Phytophthora infestation
of the plants (see below). Due to the severe risk of contami-
nation expected for any plants purchased from commercial
suppliers, a soil infestation test could not be performed dur-
ing the present study.

Results

In the baiting tests, Phytophthora isolates were obtained
from two of the three soil samples taken in the “pick-your-
own” blueberry stand, while from the third sample no Phy-
tophthora was isolated. The two isolates (one species from
each sample) were tentatively identified as P. cinnamomi

(isolate ATO) and P. cactorum (isolate AT1) based on char-
acteristic morphological features of their reproductive struc-
tures and hyphae.

Phytophthora cinnamomi had ovoid, non-papillate,
but apically thickened sporangia, on average 48 X 34 um
(30-70x24—44 pm) in size, with a mean length/breadth
ratio (L/B) of 1.39, internal, sometimes nested proliferation,
and conspicuously coralloid, swollen and irregular hyphae,
clusters of spherical hyphal swellings and thin-walled chla-
mydospores of highly variable size. Oogonia and oospores
were not observed in single culture, but they were produced
in the pairing with an A1 mating type tester strain of P. cin-
namomi, revealing that isolate AT(0 belonged to mating type
A2. Phytophthora cactorum was characterised by the pro-
duction of oogonia and slightly aplerotic oospores (typically
25 um-32 pm and 23 pm-30 pm in diameter, respectively),
monoclinous, paragynous antheridia and broad ovoid spo-
rangia, on average 45 %37 um (38-50x 30—42 um, mean L/B
1.21) with a conspicuous papilla (ca. 5 um long). Sporangia
were caducous with a very short pedicel (<4 um) (Fig. 3).

Remarkably, a substrate sample taken from young V.
corymbosum plants originally purchased for a planned soil
infestation test also readily revealed P. cinnamomi, as sug-
gested by the isolates’ typical morphological features (iso-
late B1).

The morphological identification of all isolates was con-
firmed by ITS and cox 1 sequence data analysis. Sequence
identity was 100% to a selection of GenBank entries of the
respective species. Sequences were deposited in the Gen-
Bank database under the accession numbers MW287138
(AT0), MW242712 (AT1) and MW?242744 (B1) for ITS and
MW503943 (AT0), MW503945 (AT1) and MW503944 (B1)
for cox 1.

Both P. cinnamomi and P. cactorum proved to be highly
aggressive to V. corymbosum ‘Reka’ in the twig underbark
inoculation assay. First visible symptoms on twigs appeared
less than 24 h after inoculation with both Phytophthora
species. After one week, both species had produced large
necroses with average lengths of 3.9 cm in length for P.
cinnamomi and 3.4 cm for P. cactorum. Variation in lesion
length caused by both Phytophthora species was high, with
lengths ranging from 1-6 cm. Reisolations from infected
twigs readily confirmed the species originally inoculated.
Controls remained healthy, without any visual symptom
development.

Discussion

Diseases of blueberry, in particular V. corymbosum, caused
by P. cinnamomi have long been reported from all over the
world. First reports from the U.S. date back to the 1970s
(Sterne 1982), and the disease has since been reported from
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Fig.3 Morphological structures of Phytophthora cinnamomi and
P. cactorum; a—g. morphological structures of P. cinnamomi isolate
ATO: a ellipsoid non-papillate sporangium with nested prolifera-
tion inside an empty sporangium shortly before zoospore release; b
elongated-ovoid sporangium releasing zoospores; ¢ sporangium
showing multiple nested proliferations; d, e typical coralloid lateral
hyphae (after cytoplasm retraction in e.); f thin-walled chlamydo-

South America, Asia and Europe (Tamietti 2003; Larach
et al. 2009; Orlikowski et al. 2015; Lan et al. 2016; Huarhua
et al. 2018). While in 2010 P. X cambivora was isolated
from a young plantation of V. ovata in Germany (Jung et al.
2016), so far no incidence of Phytophthora spp. in general
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spores; g cluster of irregular hyphal swellings and chlamydospores;
h-1 morphological structures of P. cactorum isolate AT1: h—i. ovoid
papillate sporangia with typical very short pedicels (arrows); j-1. glo-
bose to subglobose, slightly aplerotic oogonia formed in solid V8A,
with thick-walled oospores and paragynous antheridia (arrows); scale
bar=25 um (a—f and h-1); scale bar=50 pum (g)

and P. cinnamomi in particular on V. corymbosum has been
reported from Germany.

In the present study, P. cinnamomi and P. cactorum
were isolated from the rhizosphere of declining plants of V.
corymbosum in a “pick-your-own” berry farm in Southern
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Germany suffering from symptoms like wilting and yellow-
ing of foliage, dieback of twigs and a severe reduction of the
root system. Phytophthora cinnamomi was also recovered
from V. corymbosum plants purchased from a commercial
nursery in Northern Germany. Both P. cinnamomi and P.
cactorum proved to be aggressive to V. corymbosum in an
underbark inoculation assay.

Phytophthora cinnamomi is undoubtedly the most notori-
ous globalised plant pathogen with a confirmed host range of
almost 5,000 plant species (Erwin and Ribeiro 1996; Hard-
ham and Blackman 2018). The origin of P. cinnamomi lies
in Southeast Asia where both mating types Al and A2 co-
occur in a balanced ratio (Ko et al. 1978; Jung et al. 2020).
The global epidemic is driven by two clonally spreading
genotypes of the A2 mating type (Engelbrecht et al. 2017;
Socorro-Serrano et al. 2019). Based on old reports of typi-
cal ink disease symptoms of Castanea sativa in Portugal, P.
cinnamomi is suspected to have been introduced to Southern
Europe in the early 1800s (Crandall et al. 1945). Mating
type A2, in particular, is generally considered to be more
adapted to warmer regions, suffering from, or unable to
survive, severe winter frost (Erwin and Ribeiro 1996; Jung
et al. 2020). Accordingly, only few records of this patho-
gen to occur in Germany exist, mostly from nurseries (Jung
et al. 2016). Zinkernagel and Krober (1978) already sug-
gested that P. cinnamomi can tolerate winter temperatures
in Germany in climatically favoured areas. However, with a
changing climate and rising temperatures on a global scale,
a range expansion of the pathogen to regions previously
too cold for its survival can be expected (Brasier and Scott
1994; Bergot et al. 2004; Burgess et al. 2017). Indeed, there
are a number of recent reports indicating that P. cinnamomi
will increasingly be able to thrive in Central Europe under
outdoor conditions. Recently, P. cinnamomi was detected
in C. sativa stands in SW Germany, a region known for its
mild climate and comparably high mean winter tempera-
tures, constituting its first detection in a forest stand in Ger-
many. Remarkably, the affected trees originated from natu-
ral regeneration and had no direct connection to a nursery
(Peters et al. 2019). In 2015 and 2017, P. cinnamomi was
isolated from bleeding stem cankers of mature Juglans regia
in Austria and Araucaria araucana in Germany, respectively
(T. Jung, T. Cech and T. Corcobado, unpublished results).
In Poland, P. cinnamomi was found causing a decline of a
Quercus robur stand (Oszako and Orlikowski 2005). The
present report provides additional evidence that this patho-
gen is increasingly able to survive Central European winter,
in particular when severe frost events are lacking, causing
severe disease symptoms in the field. The affected blueberry
stand in Lower Bavaria was established two years before
the pathogen’s detection. Assuming that P. cinnamomi was
already present in the nursery plants at the time of planting,
the pathogen had already survived two winter periods in a

region not known for having mild winters. Mean winter min-
imum temperatures in the region in 2018-2020 have been
considerably higher than the long-term average (1971-2000)
(www.wetter-by.de).

Phytophthora cactorum is another species frequently
detected in nurseries all over Europe. It is well established
in Central Europe and has been found associated with many
different woody hosts, both in nurseries and in forest stands
(Jung et al. 2016). An association with highbush blueberry
has not been reported from anywhere in the world yet. How-
ever, according to the results of the twig inoculation test and
the disease incidence in the stand, P. cactorum appears to
be similarly aggressive as P. cinnamomi. However, while
the virulence of P. cinnamomi to highbush blueberry is
undoubted and disease aetiology well understood, for P.
cactorum a soil infestation test is needed to finally confirm
its aggressiveness and pathological importance.

Together with the well-documented susceptibility of V.
corymbosum to P. cinnamomi and its frequent association
with several other Phytophthora spp. in European nurseries
(Jung et al. 2016), the results of the present study suggest
that V. corymbosum (just like Vaccinium spp. in general and
other members of the Ericaceae) is susceptible to a range
of Phytophthora species, while at the same time Vaccinium
nursery stock might be heavily infested with Phytophthora
spp. The latter was impressively demonstrated by the iso-
lation of P. cinnamomi from young V. corymbosum plants
purchased during the present study from a commercial nurs-
ery. In accordance with results from a Europe-wide study
on ubiquitous Phytophthora infestations of nursery stock, a
widespread contamination of V. corymbosum nursery plants
and beds with Phytophthora spp. can be assumed. Therefore,
newly established blueberry farms are in danger of experi-
encing severe disease problems when using these plants.
Interestingly, in that study, over all nursery stands high pro-
portions of the > 1,800 Phytophthora isolates belonged to
either P. cinnamomi or P. cactorum (Jung et al. 2016).

Although infestation of the affected “pick-your-own”
berry stand via re-circulated irrigation water originating
from a natural spring, substrates or other sources, such as
strawberry plants growing nearby, cannot be excluded, it
seems likely that the pathway of both Phytophthora patho-
gens into the stand was via infested nursery stock. Being
soilborne primary pathogens, P. cactorum and P. cinnamomi
do not thrive in aquatic ecosystems. In numerous surveys
in various countries, P. cinnamomi could not be isolated
from streams and waterbodies even when it was commonly
found in the soils surrounding the waterbodies (Hiiberli
et al. 2013; Shrestha et al. 2013; Jung et al. 2020). With
a changing climate and, in particular, increasingly milder
winter temperatures, the risk of nursery-transmitted, inva-
sive, exotic Phytophthora species to become established in
outdoor agricultural, horticultural or silvicultural stands in
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temperate zones is significantly increasing (Brasier and Scott
1994; Bergot et al. 2004; Jung et al. 2016). Perhaps the most
notorious candidate species is the (sub) tropical and Medi-
terranean pathogen P. cinnamomi which currently appears to
be on its way to become a serious threat to Central European
fields, gardens and forests.
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