
Introduction

During the last decades Phytophthora genus has
become increasingly important in plant pathology and envi-
ronmental sciences. Development of molecular techniques
and the availability of the DNA sequences enabling mark-
ers designing [1, 2] caused a rapid increase in the detection
and identification of Phytophthora species in plants, water,

and soil. Each year, a growing number of newly described
species, also from those deposited for years in collections,
which currently increased to 124, has been noticed [3]. 

The destructive property of P. infestans was already
shown in the 19th century, when an epidemic of potato
blight in Ireland, known as the Great Irish Famine, caused
mass starvation and the exodus of many to the North
American continent. From this period dates the name of the
genus – Phytophthora (plant destroyer). Never since has
such a destructive action of Phytophthora been repeated
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Abstract

P. lacustris sp. nov. (formerly known as Phytophthora taxon Salixsoil) was first isolated in 1972 in the

UK and then in many other European countries, including Poland. The aim of this work was a morphological,

physiological, and genetic characterization of the P. lacustris isolates by means of the daily growth rate,

mycelium morphology, and generative and vegetative structures, depending on the temperature of incubation

and growth media. In addition, the ability to colonize willow shoots and leaves was estimated.

Out of 114 isolates of P. lacustris obtained from water habitats located near plant nurseries in central and

southeastern Poland in 2007-10 that were identified on the basis of molecular tests which showed high diver-

sity in colony growth patterns and daily growth rates, 10 groups were separated by means of Duncan’s test.

Representatives of these 10 groups together with three reference isolates – P. lacustris P245 as the holotype,

P. gonapodyides CBS 117380 as a specimen most closely related phenotypically to P. lacustris, and P. cacto-
rum as a positive control of forest trees’ pathogen – were researched.

Great heterogeneity in the growth rates and morphology of mycelium, as well as in the structure of

zoosporangia and hyphal swellings, were observed. Moreover, the isolates differed in their ability to colonize

the willow leaves and shoots in the in vitro tests. Some correlation may be found between the daily growth

rates and colonizing abilities, and between the daily growth rate and the dimension of the sporangia. Also, a

large genotypic variation between the isolates based on the fingerprint patterns generated by molecular tech-

niques (RAPD and ISSR) was obtained. 
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with comparable force, due to knowledge of prevention
(crop rotation, resistant cultivars) and access to effective
fungicides. However, the importance of Phytophthoras in
today’s agriculture is high because of increasing industrial-
ization of crop production (large monogenotypic planta-
tions) and almost unlimited spread of microorganisms
between countries and continents. 

P. lacustris is an example of a species that has recently
attracted interest. It has been increasingly isolated from the
rhizosphere, soil, and water [4]. Especially the separation of
this taxon from similar P. gonapodyides has resulted in an
avalanche of reports about its mass isolation from a variety
of aquatic habitats, wetlands and nurseries [4-10]. P. lacus-
tris belongs to the Clade 6, the group of species connected
with water environment and trees, and tolerant of high tem-
peratures [11, 12]. Up to now P. lacustris has been isolated
from open water resources in many parts of the globe, i.e.:
in the U.S. states of Oregon [13], Alaska [6], Tennessee
[14], and New York [15]; Italy [16]; in Yunnan province in
China [17]; in Norway [18]; Ukraine [19]; in forest ponds
in Poland [20]; and in rivers and ponds facilitating water for
irrigation of nurseries [21]. The presence of this species in
irrigation water taken from open sources or used in circula-
tion cycles from water reservoirs is of particular importance

because of the easy spread of propagules between the nat-
ural and agricultural environments, in both directions [12].
Proving that P. lacustris is an opportunistic pathogen will
indicate a serious threat to agricultural crops and forest
nurseries.

Taking into account the above reasons, we decided to
characterize the isolates of P. lacustris obtained from rivers
and ponds in central and southeastern Poland, which are
water sources for irrigation of nurseries. 

Material and Methods

In 2007-10, using submerged rhododendron and oak
leaves as baits [22], 114 isolates of Phytophthora lacustris
were obtained from rivers (PL5, PL6, PL8, PL10), ponds
(PL1, PL4, PL7, PL9), and irrigation canals (PL2 and PL3)
located near ornamental and forest nurseries in central and
southeastern Poland (Fig. 1). The isolates were identified to
species based on PCR amplification with the species-spe-
cific primers [5]. On the basis of the growth rate and colony
morphology observed on the PDA medium they were divid-
ed into 10 groups. One isolate per group was selected for
further characterization. The reference isolates P. lacustris
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Zoosporangial dimensions [μm] 10 Polish isolates of P. lacustris
mean±SD (min.-max.)

P245
mean±SD (min.-max.)

Length 43.9±7.3 (24.4-65.9) 41.6±6.1 (29-57.3)

Width 29.5±4.9 (18-49.3) 29.5±4.9 (20.1-41.5)

Length to with ratio 1.5±0.19 (1.11-2.4) 1.42±0.15 (1.19-1.9)

Table 1. The average and individual (in brackets) sporangial dimensions of 10 Polish isolates of P. lacustris and P245.

Fig. 1. The origin of the Polish isolates tested in this study.
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Fig. 2. Types of P. lacustris hyphae on CA: a-substrate, b-aerial, c- substrate and aerial only in inoculation zone.
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Fig. 3. Types of P. lacustris colony patterns on media CA (first row) and V8A (second row) after 7-day incubation and 14-day incu-
bation on PDA (third and fourth row) at 25ºC. Differences in colony growth rate of individual isolates visible after 7-day incubation
at 25ºC on PDA.
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(P245), P. gonapodyides (CBS 117380), and P. cactorum
(obtained from rhizosphere of the alder from our own col-
lection) as a pathogen of plants from the Betulaceae
Fagaceae and Salicaceae families [23-26] were included in
the tests.

The type of hyphae growth of P. lacustrtis, incubated
for one week in darkness at 25ºC, was determined on Carrot
Agar (CA), 20% non-clarified V8 Juice Agar (V8A), and
Potato-Dextrose Agar (PDA). The colony patterns were
estimated after one week of incubation in darkness at 6, 10,
15, 20, 25, and 30ºC. The experiments were carried out
twice, with four replicates per isolate. 

The hyphal morphology was observed in microscopic
preparations, obtained by suspending colony fragments in
water or lactoglycerol at magnifications of 100, 400, and
600× using a Nikon Optiphot-2 light microscope. Four

microscopic slides were taken for each isolate in two repli-
cations. 

To obtain zoospores, V8 agar overgrown with 10-day-
old cultures was cut into pieces of a size of 5×5 mm and
flooded with 1% non-sterile soil extract. After 24-28 hours
the size of randomly chosen 35 or 25 sporangia (in the first
and the second repetition, respectively) was recorded on
two microscopic slides for each isolate. 

In order to verify whether P. lacustris forms generative
organs in contact with other species, agar plugs of colonies
of P. lacustris were placed on the Petri dishes containing
CA medium in pairs with plugs of species, which are usu-
ally isolated from water along with P. lacustris – P. cin-
namomi isolates of the A1 and A2 mating types, P. cam-
bivora, P. gonapodyides, P. cactorum, P. citrophthora, and
P. plurivora. The ability to create oogonia and antheridia

Table 2. The average and individual minimal and maximal (in brackets) radial dimensions of daily growth rate depending on medium
and incubation temperatures of 10 Polish isolates of P. lacustris, P245 and P. gonapodyides.

Growth 
temperature

Daily radial growth rate [mm/day] mean±SD (min.-max.)

10 Polish isol. of P. lacustris P245 P. gonapodyides

PDA

6ºC 0.25±0.2 (0-0.83) 0.44±0.17 (0.25-0.67) 0.52±0.4 (0.08-1)

10ºC 0.6±0.3 (0-1.33) 0.83±0.12 (0-1) 1±0.1 (0.8-1.2)

15ºC 1.5±0.5 (0.13-2.8) 1.9±0.3 (2.2-2.2) 1.3±0.2 (1.1-1.7)

20ºC 2±0.7 (0.48-3.3) 2.7±0.2 (2.3-3) 1.7±0.2 (1.4-2)

25ºC 2.7±0.6 (1.7-4.6) 3.3±0.8 (2.3-4.2) 2.3±0.2 (1.8-2.5)

30ºC 2.4±0.7 (0.8-3.9) 3.1±0.3 (0-3.4) 1.2±1 (0.2-2.3)

37ºC 0.03±0.06 (0-0.39) 0.06±0.07 (0-0.19) 0.03±0.06 (0-0.17)

CA

6ºC 0.57±0.3 (0-1.3) 0.61±0.2 (0.33-0.83) 0.85±0.3 (0.5-1.2)

10ºC 1.1±0.6 (0.17-2.6) 1.6±0.17 (1.3-1.8) 1.9±0.2 (1.6-2.2)

15ºC 2.5±0.6 (0.83-3.9) 3.1±0.2 (2.8-3.3) 2.6±0.3 (2-2.9)

20ºC 3.3±1.1 (1.4-5.4) 4.2±0.2 (4-4.5) 3.4±0.4 (2.9-3.8)

25ºC 4±1.3 (1.7-7) 2.9±1.3 (1.5-5.2) 3.5±0.6 (2.3-4.1)

30ºC 4.2±0.9 (2.7-6.1) 4.2±0.6 (3.3-5.1) 3.2±0.2 (2.8-3.4)

37ºC 0.15±0.14 (0-0.75) 0.19±0.06 (0.08-0.25) 0.14±0.06 (0.08-0.25)

V8A

6ºC 0.38±0.16 (0.17-0.75) 0.29±0.23 (0-0.67) 0.56±0.19 (0.33-0.83)

10ºC 1.4±0.4 (0.75-2.5) 1.6±0.1 (1.4-1.8) 1.8±0.2 (1.5-2.2)

15ºC 2.5±0.6 (1.7-3.8) 2.9±0.07 (2.8-3) 2.6±0.07 (2.5-2.7)

20ºC 3.5±0.7 (2.4-5.1) 4±0.1 (3.8-4.2) 3.4±0.2 (3.2-3.7)

25ºC 4.7±0.8 (2.9-7.1) 5.2±0.2 (5-5.5) 4.6±0.2 (4.3-5)

30ºC 5.1±0.6 (4.1-6.3) 5.1±0.7 (3.8-5.8) 4.2±0.1 (4-4.3)

37ºC 0.06±0.07 (0-0.25) 0.15±0.16 (0-0.33) 0.06±0.07 (0-0.17)
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Fig. 4. Morphology of hyphae of P. lacustris grown on CA (a-b) V8A (c-e) and PDA (f). Bar = 60 μm.

Fig. 5. Shapes of zoosporangia (a-f) and hyphal swellings (i) of P. lacustris. Internal nested (g) and extended (h) proliferation. Bar = 10 μm.
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was evaluated after 2 and 3 weeks of incubation in the dark
at 25ºC. The experiment was repeated twice, with 3 plates
for each combination. After incubating the above-men-
tioned species in pairs, the colony growth was observed for
the potential formation of inhibition zones. 

The measurements of the daily colony radial growth
were carried out on CA, V8A, and PDA media. Mycelial
agar plugs of 4 mm, excised from the active growth zone of
isolates growing on PDA at 25ºC, were placed in the centre
of Petri dishes of 90 mm diameter. The plates were kept for
24 h at room temperature (18ºC) in order to initiate the
growth processes then incubated in the dark at 6, 10, 15, 20,
25, 30, and 37ºC. The measurement of colony diameter
started after 48 h of isolate growth at a given temperature
and was repeated on four consecutive days. The experiments
were conducted twice, taking four plates per replication.

To assess the genomic diversity of isolates the poly-
morphisms between microsatellites (ISSR) and randomly
amplified DNA fragments (RAPD) were studied. The iso-
lation of DNA from the pure Phytophthora cultures and
PCR conditions were carried out according to the proce-
dures developed previously [27] in a thermal cycler
GeneAmp PCR System 9700 (PE Biosystems). DNA frag-
ments were amplified using 14 primers – decamers from
Operon: OPX-02, OPX-03, OPX-06, OPX-07, OPX-08,
OPX-13, OPX-14-OPZ 14, dodecamers C85 and C92 [28],
and ISSR primers (UBC) 808, 827, 889, and 890. The PCR
products were separated on 1.4% agarose gels (SeaKem) at
a voltage of about 3 V/cm and stained with ethidium bro-
mide. Only the bands within 300-1750 bp reproducible in
2-3 reactions were qualified for analysis. Their presence or
absence was used to prepare a genetic distance matrix using
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Fig. 6. Mycelium growth of reference and the slowest and the fastest growing P. lacustris isolates depending on temperature and medium±SD.



Restdist program (package PHYLIP 3.695) with the modi-
fied coefficient of Nei and Li [29]. Dendrograms were cre-
ated in accordance with the program TreeView [30], based
on the data obtained by UPGMA in the Neighbor (PHYLIP
3.695). To increase the reliability of the constructed tree the
bootstrap of 1000-fold multiplication was used.

The ability of 10 selected isolates of P. lacustris along
with reference isolates to colonize detached young willow
leaves and annual shoots of Salix integra 'Pendula' at tem-
peratures of 6, 10, 15, 20, 25, and 30ºC was investigated.
Mycelial plugs overgrown by 7-day old cultures of
Phytophthora were placed using a sterile needle on injured
leaves near its main nerve and at the base of 7-cm long
shoots. As the control, the fragments of non-inoculated
medium were taken. The experiment was performed twice.
In total, 20 leaves and shoots were inoculated per each iso-
late. The rate of necrosis formation was observed and the
size of necrotic spots on leaves was measured in two direc-
tions and averaged and on the stem only length of necrosis
was recorded. In order to fulfill Koch's postulates,
Phytophthoras were re-isolated from the necrotic tissue
resulting from the inoculation and subjected to molecular
identification. Small fragments on the border of
healthy/necrotic tissue were excized and placed on PDA in
order to obtain Phytophthora mycelium. In PCR amplifica-
tion, identity of DNAs from pure Phytophthora cultures
and necrotic plant tissue was confirmed along with DNAs
of reference isolates. 

Statistical analyses were performed using the STATIS-
TICA 10 package. Mean values of radial growth rates and
the size of the necrosis for each temperature were analyzed
by the main effects analysis of variance in two-way
ANOVA. In some cases, the data compared in the post-hoc
Duncan and Dunnett's tests were subjected to Box-Cox
transformation in order to normalize the data. Holotypic
isolate P245 was used as the control, which was compared
with the traits of other isolates. 

Results

Colony Morphology

Isolates of P. lacustris on CA-formed colonies having
the hyphae of the substrate type (Fig. 2 a), aerial (Fig. 2 b),
and aerial in inoculation site only and the remaining part of

hyphae was the substrate (Fig. 2 c). Isolates on V8A formed
aerial hyphae, whereas on PDA mycelium was more com-
pact and substrate. Colonies were of chrysanthemum-like
patterns (Fig. 3 a, e, i), petaloid (Fig. 3 d, h), radiate (Fig. 3
g), stellate (Fig. 3 b, f, j), and sometimes smooth (Fig. 3 c),
and intermediate between the above-mentioned (Fig. 3 k, l).
A greater diversity of colony patterns was observed on V8A
and CA media. On PDA, the differences between one-week
old isolates predominantly concerned the colony size and
substantial differences in morphology of colonies were vis-
ible after two weeks of incubation (Fig. 3 i-p).
Heterogeneity in the developed colony patterns was also
observed between the individual replicates of the same iso-
late.

Morphology of Structures 

All isolates tested on V8A formed long hyphae without
swellings and numerous branching (Fig. 4 a). The excep-
tion was the isolate PL6, having a slightly more numerous
branching than the rest (Fig. 4 b). On the CA medium all
isolates, excluding PL1 and PL10 (Fig. 4 c), were numer-
ously branched (4 d) and produced long hyphae (Fig. 4 c,
d), with the exception of PL7, which produced short (Fig. 4
e), and PL3 and PL4, forming hyphae of a medium length.
Isolates cultured on PDA were characterized by shorter and
more branched hyphae (Fig. 4 f).

After flooding with non-sterile soil, extract isolates
formed simple, single sporangiophores. The shape of the
nonpapillate zoosporangia varied – they were ovoid (Fig. 5
d, h), ellipsoidal (Fig. 5 b, g), lemoniform (Fig. 5 c, e), and
obpyriform (Fig. 5 a, f). The isolates showed a tendency for
internal proliferation and thus intercalary sporangia were

Characterization of Polish Phytophthora lacustris... 625

averaged mycelial growth

0

1

2

3

4

5

6

6 10 15 20 25 30 37

incubation temperature [oC]

da
ily

 ra
di

al
 g

ro
w

th
 [m

m
/d

ay
]

PDA

CA

V8A
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Fig. 8. Cladogram of P. gonapodyides and P. lacustris isolates
based on UPGMA of genetic distance matrix obtained by
RAPD and ISSR. Numbers indicate internal node labels.
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often observed both nested (Fig. 5 g) and extended (Fig. 5
h), and occasionally also the external proliferation was
noted. Average sporangial dimensions of the studied 10 iso-
lates of P. lacustris were within the range of 37.2-48.9×27.2-
32.3 μm (average of 43.9±7.3×29.6±4.9 μm). The mean
ratio of length to width was 1.5±0.2, with the average range
of 1.35-1.72 (Table 1).

Isolates PL2, PL3, PL5, and PL8 in the presence of soil
extract produced the abundantly globose or ellipsoid hyphal
swellings sized 16-27 × 12-26 μm (Fig. 5 i). 

None of the tested P. lacustris (inoculated individually
and in pairs on plates) formed sexual reproduction organs,
also in the presence of P. cinnamomi A1 and A2, P. cam-
bivora A1, P. citrophthora, P. gonapodyides, P. cactorum
and P. plurivora. The presence of P. lacustris isolates did
not stimulate the production of those organs at A1 and A2
testers of P. cinnamomi, and isolates of P. cambivora A1, P.
citrophthora, and P. gonapodyides. After the insightful
tests, we found that the two last isolates were sterile. 

Colony Daily Growth Rate

The slowest growth of P. lacustris isolates was observed
on PDA and the fastest on V8A. We observed significant
differences in the growth rates between the isolates, regard-
less of the medium used. The slowest growth was typical
for PL6 and PL7 isolates, while PL5 and PL8 (excepting
PDA) grew the fastest (Fig. 6). The largest differences in
the growth rates (almost double) were demonstrated at the
temperatures 20 and 25ºC, while at extreme temperatures
the differences were small, regardless of the medium.

The average growth rates of Polish isolates at the
optimal range of growth temperatures on V8A, CA, and
PDA were at 25ºC: 4.7±0.8, 4±1.3 and 2.7±0.6 mm/day,
respectively and at 30ºC: 5.1±0.6, 4.2±0.9 and 2.4±0.7
mm/day, respectively. The average and extreme (minimal
and maximal) values of the daily radial growth rates for
individual isolates are listed in Table 2.

Isolates of P. lacustris did not form inhibition zones on
the medium when inoculated in pairs with other species of
Phytophthora. Those isolates, which grew faster, occupied
the same surface of the medium as the first.

Growth Temperature Range

Mycelium growth of the tested isolates was observed
within the temperature range from 6 to 37ºC (Fig. 7). The
growth optimum of most isolates on CA and V8A was at
30ºC, while on PDA medium only PL9 isolate had its
growth optimum at 30ºC and the rest at 25ºC (Fig. 6).

Genomic Diversity Assessment

Ninety bands out of 106 obtained from the amplifica-
tion of P. lacustris DNA were polymorphic (84.9%). For a
common pool of isolates – P. lacustris and P. gonapodyides,
127 fragments were obtained, out of which 122 (96.1%)
showed polymorphism. Among them, 21 (16.5%) DNA
fragments were specific only to P. gonapodyides and 11

(8.7%) were common for all the isolates of P. lacustris, and
absent in P. gonapodyides. 

Phylogenetic analysis revealed genomic heterogeneity
of the tested isolates (Fig. 8). Three clades were separated:
first – formed by PL2 and PL3 isolates, second – by PL8
and P245, and the third was divided into two subclades: one
contained only PL7 isolate and the rest – P. lacustris iso-
lates in the second subclade. However, considerable differ-
ences in genetic distances are shown among the isolates of
this subclade and also genetically closely related pairs PL5
and PL10, and the groups of pairs PL6/PL1 and PL9/PL4
can be separated.

Colonization Ability Assessment

Lack of necrosis was noticed on the control leaves and
shoots. Individual isolates of P. lacustris caused the necrot-
ic spots formation of size dependent on incubation temper-
ature. The smallest spots occurred at 6ºC, and the largest at
30ºC (Fig. 9). On the fourth day after inoculation, the ten-
dency to form the biggest spots on the leaves was observed
with PL4, PL1, and PL5 isolates and, at lower tempera-
tures, often with PL3. The smallest ones were caused by
PL6 and PL7 isolates. P245 isolate caused necroses of the
intermediate size, whereas P. cactorum and P.
gonapodyides caused necrotic spots much smaller than the
isolates of P. lacustris (Fig. 10).

On the fourth day after inoculation, the biggest shoot
necrosis were caused by PL4, PL5, and PL8 isolates, and

626 Nowak K. J., et al.

Fig. 9. Temperature-dependent colonization abilities of P.
lacustris (10 Polish and P245), P. gonapodyides, and P. cacto-
rum isolates illustrated as necroses of S. alba tissue on the
fourth day after inoculation ± SD.
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often by PL3. The slowest colonization of willow one-year
shoots was observed for P. cactorum and P. gonapodyides,
and in P. lacustris isolates of PL9, PL7, and PL6. P245 iso-
late showed an intermediate ability to colonize the shoots. 

The presence of P. lacustris, P. cactorum, and P.
gonapodyides in necrotic tissues was confirmed by PCR
with the re-isolated Phytophthoras.

Discussion

A great interest in P. lacustris is associated with its mass
isolation from necrotic fragments of plants, plant debris,
water, and sludge at different latitudes [4]. It is often isolated
together with P. gonapodyides from humid environments,
mostly from natural habitats [6, 9, 11, 13, 14, 31, 32], but
less often from fruit and ornamental nurseries [10, 21, 33].

This ubiquity leads to the question of the role this
species plays in nature. Until recently, the Phytophthora
species were considered as primary pathogens [34]. Now, a
large group of species is considered saprophytes, which are
involved in the breakdown of plant debris and occasionally
may cause local plant necrosis [4, 11, 35, 36]. P. lacustris
has never been recognized as a main agent of dieback of
trees and shrubs in the environment, although its isolates
were obtained from necrotic stem bases and necrotic roots
of 60-year-old trees of Fraxinus excelsior showing
advanced Phytophthora rot symptoms [8], from dead

Prunus plants from a nursery [33], or from the soil sampled
around diseased 100-year-old ash trees [36]. Isolates of P.
lacustris are able to colonize leaves, shoots, and fine roots
[4, 8, 18, 37, 38]. 

The saprophytic character of P. lacustris speaks to great
diversity in colony patterns, growth rates, and size of the
zoospores, as well as DNA polymorphism within the ITS
fragments and cox1 [4] and within microsatellite DNA
locus S29-30 [20]. Our studies confirmed the above reports;
isolates of P. lacustris formed colonies of different patterns
on tested media and at the same temperature. The holotype
of the species, P245 isolate, did not stand out in features
that could be considered model ones. In general, the daily
colony growth rate and the size of necrotic spots of this iso-
late had intermediate values in our study population. It can-
not be said that one of the isolates studied here was partic-
ularly similar to P245. Only analyses of ISSR and RAPD
fragments revealed molecular similarity of PL8 to P245,
but statistical Dunnet’s tests of other tested features often
showed significant differences between those isolates. 

The colony’s morphology of the isolates studied here
varied from chrysanthemum-like, petaloid, radiate, stellate,
and sometimes smooth to intermediate between these types
within the tested isolates. Nechwatal et al. [4] observed
only very similar petaloid or chrysanthemum-like patterns,
although studied isolates originated from different environ-
ments and countries. Similar to the studies of those authors
[4], P. lacustris hyphae in our study were more dense and
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Fig. 10. Size of necroses of leaves and stems of S. alba observed on the fourth day after inoculation with P. gonapodyides, P. cacto-
rum, and P. lacustris (P245 and Polish isolates showing extreme values) ± SD.
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substrate on PDA and larger and more loose and aerial on
V8A and CA. 

Also, in the the case of the morphology of vegetative
structures, differences between the individual isolates were
observed. The shapes and sizes of sporangia and hyphae
varied within the studied population. Some isolates of
P. lacustris showed the tendency to form hyphal swellings.

A formation of generative organs was not observed as
the effect of mating of the tested P. lacustris isolates with
A1 and A2 testers of P. cinnamomi, which confirms the
studies of Brasier et al. [39]. In our studies, sexual repro-
duction organs of P. lacustris were also not formed in the
case of matings with P. cambivora A1, P. cactorum, and P.
plurivora. They also were not obtained by other authors in
a wide range of matings of P. lacustris with P. palmivora, P.
cryptogea, P. drechsleri, P. cambivora, P. capsici, P.
megakarya, and P. meadii; however, A2 testers of the last
five species formed reproductive organs in the presence of
P. lacustris [4, 18, 39].

Isolates showed differences in the daily growth rates,
regardless of the type of medium but dependent on temper-
ature. Similarly as in Nechwatal et al. [4] studies, differ-
ences between growth rates of our isolates were significant.
The slowest growth of P. lacustris isolates was observed on
PDA and the fastest on V8A. In studies of Nechwatal et al.
[4] P. lacustris grew faster on CA. This discrepancy is prob-
ably due to the differences in the way of preparing of V8A
media. In our laboratory V8 Juice Agar is being used in
non-clarified form, whereas Nechwatal et al. carried out
tests on clarified V8A (cV8A). Moreover, the infuence of
origin of V8 Juice on the properties of medium should be
taken into account. 

P. lacustris differs from the phenotypically closest
P. gonapodyides in its temperature requirements. Whereas
the optimal and maximal temperatures for P. lacustris was
28 to 33ºC and 36 to 37ºC, for the P. gonapodyides 25 and
34ºC, respectively [4]. In our study, the optimal temperature
for P. lacustris depended on medium composition because
PDA it was mainly 25ºC and on V8A and CA 30ºC.
Nechwatal et al. [4] tested 14 P. lacustris isolates and
obtained growth optimum at range 28-33ºC. Our prelimi-
nary tests conducted on 38 of 114 Polish isolates growing on
PDA at 25, 28, 30 and 32ºC revealed that 55.9% had growth
optimum at 25ºC, whereas 35.3% and 8.8% had optima at 28
and 30ºC, respectively, and none of them at 32ºC (data not
shown). This may suggest that individuals belonging to this
species are more diversified than has yet been elucidated.

In our studies, the lowest tested temperature enabling
colony growth was 6ºC, so we cannot confirm an ability to
grow at lower temperatures as reported by Nechwatal et al.
[4]. All isolates terminated growth at 37ºC. P. gonapodyides
grew always slower in optimal temperatures than the quick-
est P. lacustris isolate and P245.

The isolates also differed in the rate of colonization of
the willow leaves and stems. We found a positive correla-
tion between the growth rate on the medium and the rate of
plant tissue colonization, demonstrated by the size of
necrotic spots. It seems to be an interesting observation,
that general linear models analysis of the bulk data at all

temperatures tested showed an inverse proportionality of
the zoospore size produced by the tested isolates to their
growth rate on media (and thus – also to the colonization
speed of the infected tissue).

There was no correlation between the physiological
and morphological characteristics and the phylogram
groups formed based on the genetic distance matrix of
patterns generated by RAPDs and ISSRs. In phylogenetic
studies Nechwatal et al. [4] analyzed the sequences of
nuclear and mitochondrial DNA (ITS and cox1) of P.
lacustris isolates obtained from Europe, the United States,
Australia, and New Zealand. They also revealed the dif-
ferences between isolates, but they did not find any link-
age to their geographical origin and concluded P. lacustris
as a monophyletic taxon, with contradictions concerning
specific locations of the branch of the species in Clade 6
[4, 7, 11]. Such a large morphological, physiological, and
genomic diversity of traits of P. lacustris may suggest that
this species uses a variety of food sources. Also, its ubiq-
uity in aquatic habitats implies its saprotrophic character.

Among various screening methods of P. lacustris
pathogenicity, a test based on the inoculation of the sub-
strate with zoospores, under a high moisture level, or on
the roots flooded by inoculated water that likely occur
under natural conditions seems to be the most appropriate.
However, in those tests the roles of micro environmental
factors and genetic differences between seedlings are very
important. It causes differences between inoculated and
control plants to be not statistically significant, although
they are large in absolute terms [38]. In Navarro’s assays
[38] only the necroses limited to the small roots were sta-
tistically proven. Full disease development and plant
dieback resulted from artificial inoculation with P. lacus-
tris were obtained episodically [4]. In the pathogenicity
tests carried out on the one-year-old shoots of Alnus gluti-
nosa and Salix alba the inoculation with P. lacustris
resulted in the formation of larger spots than those after
inoculation with P. gonapodyides [4, 38]. In our test the
isolates of P. lacustris also colonized shoots and leaves of
willow to a greater degree than P. cactorum and P.
gonapodyides.

Based on pathogenicity tests, P. lacustris cannot be
considered as the obligatory pathogen. However, it can
facilitate the tissue colonization by other pathogens by
destroying the young roots and weakening the plant. The
experiments studying such a process should be long last-
ing. Soil-borne Phytophthora diseases generally develop
for many years, and first symptoms appear after exposure
of plants to additional unfavorable factors such as  flood-
ing, which weakens plants but promotes the abundant
release of zoospore, thereby increasing root colonization,
followed by drought, when damaged small roots are not
able to supply water [4, 33]. 

Although P. lacustris was isolated from necrotic roots
and it was found to be a causal agent of the surface necro-
sis of shoots, the statement that P. lacustris is the main
cause of Phytophthora rot or plants dieback is unauthorized.
Another aspect for explaining the yet unknown role of such
ubiquitous microorganisms in the soil and water may be
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their dominant character through which they behave like
weeds. The following characteristics could speak to the
high competition among microorganisms: an exceptional
vigor and number of propagules, no special requirements to
nutrition, efficient nutrient acquisition, high tolerance to
diverse stresses, production of stressful or toxic metabolites
for other microorganisms, and more [40].

P. lacustris, as other species of ITS Clade 6 as well as
wetland plants, are well adapted to aquatic environments
and to mutual co-existence, which enables them to live
together without parasitism. A very different situation
may occur when the microorganisms from homely wet-
lands inhabit with the irrigation water from rivers or
ponds an agricultural environment, and if cultivated there
plants are not resistant to them [4, 10]. A similar situation
may occur when any alien species inhabits cultivated
plants or a natural environment. Several species can also
behave as opportunistic pathogens, attacking weakened
plants, which can happen as a result of flooding and/or
drought.

Therefore, for a proper assessment of the potential
threat posed by P. lacustris in the natural stands and on
plantations of cultivated plants, long-term, exceeding one-
year observations of the plants inoculated with zoospores
should be conducted.
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