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ABSTRACT
Junker, C., Goff, P., Wagner, S., and Werres, S. 2016. Occurrence of Phytophthora in commercial nursery production. Plant Health Prog. 17:64-75.
Two commercial woody ornamental nurseries were sampled for the
presence of Phytophthora species over a period of three years between
2011 and 2014. The samples were taken every two months at different
propagation (greenhouses, plastic tunnels) and cultivation (container
stands) areas as well as from nearby pathways and from a water recycling
system with a slow sand filter. Furthermore, different materials like soil,
substrates, residues, wind-carried leaves, water and sediment were
sampled. In total, 12 known Phytophthora species could be detected.
Further, three isolates did not match any of the known species.

Phytophthora ramorum, P. gonapodyides, and P. plurivora were the
species with the highest detection rates. Phytophthora ramorum could be
detected during all seasons of the year. In total, the puddles on the
pathways had the highest percentage of positive detections. Residues,
wind-carried leaves and water and sediment from the water runoffs were
also good places for Phytophthora survival. In both nurseries, the plant
samples showed very low infection rates. Ideas for surveys and
management are discussed.

INTRODUCTION
Multiple surveys and epidemiological studies have shown that
nurseries are an important source for the global spread of the
fungus-like microorganisms of the genus Phytophthora (Bienapfl
and Balci 2014; Duff 1994; Hardy and Sivasithamparam 1988;
Hulvey et al. 2010; Prospero et al. 2013; Rytkonen et al. 2012;
Schlenzig et al. 2015; Themann et al. 2002b; Vercauteren et al.
2013; Warfield et al. 2008; Werres et al. 2007). Detailed genetic
studies demonstrate the introduction and spread of Phytophthora
species, for example, P. ramorum (Eyre and Garbelotto 2015;
Goss et al. 2009; Goss et al. 2011; Van Poucke et al. 2012) and
P. plurivora (Schoebel et al. 2014). The spread of these pathogens
to natural habitats can result in severe ecological damage. This is
well demonstrated for P. ramorum (Chastagner et al. 2011; Eyre
and Garbelotto 2015; Prospero et al. 2013; Shishkoff 2011; Van
Poucke et al. 2012; Webber et al. 2010). Therefore, the
eradication of Phytophthora is recommended for nurseries.
Most surveys and studies are based on the sampling of
symptomatic plants (see references above); some also include
other samples, like water from different sources used for
irrigation (Bush et al. 2003; Ghimire et al. 2011; Hong et al.
2011; Hong et al. 2008; Loyd et al. 2011; Loyd et al. 2014;
Themann et al. 2002b; Tjosvold et al. 2008). There is little
knowledge, however, about the occurrence and survival of
Phytophthora during the different steps of commercial plant
production. This information is necessary for the development of
good management strategies for Phytophthora in nurseries.
Therefore, the present study focused on sampling at different
stages of propagation and cultivation of plants along with

sampling different materials like substrates, residues, windcarried leaves, and water and/or sediment. The results should help
nursery managers to get a better understanding of “survival
places” of Phytophthora species in their nursery and to develop
better sanitary procedures. The results may also help to develop
good protocols for sampling in nurseries for Phytophthora. These
protocols can be used for surveys and monitoring.
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NURSERIES, SAMPLES, SAMPLING DATES, AND
DIAGNOSTIC METHODS
Two commercial nurseries were chosen for the study. Nursery 1
had a production area of about 19 ha, and nursery 2 of about 50
ha. Both nurseries produced mainly woody ornamentals including
Rhododendron spp. Our study concentrated on Rhododendron
because they are one of the most important host plants for
Phytophthora ramorum in Europe. Both nurseries propagated
Rhododendron themselves. Nursery 2 commissioned the rooting
by a third nursery until the first year of the project and rooted the
cuttings themselves in the following years. Nursery 2 had a water
recycling system and used a slow sand filter to clean the surplus
water.
Between August 2011 and May 2014, a total of 498 samples
were taken. Sampling was done every two months except in
January 2013. In addition, 18 samples were taken in November
and December 2011 from the third nursery where the cuttings
from nursery 2 were rooted. The sampling focused mainly on
selected areas used for the propagation and cultivation (Fig. 1,
Table 1) and on different sampling materials (Fig. 2, Table 2). For
the soil, substrate, residues, water, sediment, and rootball
samples, the Rhododendron leaf test was used (Themann and
Werres 2000; Themann et al. 2002a). Living cultures of
Phytophthora isolates were obtained from the baits and from
symptomatic plant samples by direct isolation on carrot piece agar
without selective amendments according to Werres et al. (2001).
Bait leaves and samples from the symptomatic plant samples
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FIGURE 1A
Detection of Phytophthora by sampling areas in nursery 1. Upper two rows from left to right: Detection of Phytophthora in the fields; in greenhouses
and plastic tunnels; on container stands; and in an outdoor place for substrate storage. Lower two rows from left to right: Sampling in the field; on
the pathway in front of a greenhouse; sampling places (red arrows) in a greenhouse covered with film; sampling beneath multipot propagation
trays; and at an outdoor storage place for potting media.
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FIGURE 1B
Detection of Phytophthora by sampling areas in nursery 2. Upper two rows from left to right: Detection of Phytophthora in the fields; in plastic
tunnels; on container stands; and in the water recycling system with slow sand filter. Lower two rows from left to right: Sampling on a pathway
between plastic tunnels (red arrow); on a pathway close to a container stand; in a runoff; and in a water retention reservoir for recycling water.
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FIGURE 2
Detection of Phytophthora from different sampling materials. Upper row from left to right: Detection of Phytophthora in nursery 1 and 2. Lower two
rows from left to right: Organic residues on a container stand; sand layer and sand residues on a pathway in a greenhouse; wind-carried leaves on a
pathway close to a container stand; and puddle on a pathway.

were double checked with a genus-specific primer for
Phytophthora spp. according to Schena et al. (2008).
Interpretation of the results was as follows: Direct isolation that
resulted in a living Phytophthora culture was called “Phytophthora positive” regardless of whether the PCR was also
positive. Positive results that were obtained only by PCR with the
genus-specific primer but without successful isolation was judged
as “uncertain.” When no method gave positive results, the sample
was said to be “Phytophthora negative.” The living cultures were
identified by morphology and sequence analysis (ITS 1/4) (White
et al. 1990). Interpretation of the sequence analysis was according
to Grunwald et al. (2011). The ITS had to correspond >99% with
the data available in the NCBI GenBank database
(http://www.ncbi.nlm.nih.gov/genbank), Phytophthora-ID
(Grunwaldt et al. 2011), and Q-Bank (http://www.q-bank.eu). If

the sequence matched <99%, the species was addressed as
“complex.”
WEATHER DATA
Air temperature and precipitation were measured continuously
from August 2011 until May 2014. All data were measured by the
nearest official meteorological station relevant to each nursery.
In Germany, the climate is characterized by moderate to cool
summers and by mild winters. Rain falls year round with a
maximum in summer. During the three years of the study,
temperatures ranged from –19.1°C (nursery 1) and –15.3°C
(nursery 2) to 34.8 °C (nursery 1) and 35.0 °C (nursery 2) (Fig. 3,
Table 3). The winter of 2012-2013 was relatively cold with 109
days of frost (<0°C, October to April) in nursery 1 and 84 in
nursery 2. In 2012 and 2013, nursery 1 had more days with
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TABLE 1
Detection of Phytophthora species in different propagation and cultivation sections.
Sampling areas
Greenhousesa

Fields
Phytophthora species

Nursery

1
n=14

2
n=13

1
n=108

Container
stands

Plastic tunnels
1
n=69

2
n=12

1
n=63

X

X
X
X

2
n=119

Outdoor
substrate
storageb
1
n=12

Water
recycling
systemc
2
n=49

X

P. cactorum
P. citricola
complex P. cryptogea / P. drechsleri
P. gonapodyides
complex P. humicola / P. inundata
P. lacustris
P. megasperma
P. plurivora
P. ramorum
P. rosacearum, complex
P. rosacearum
P. syringae
P. chlamydospora
Phytophthora spp.

X
X

X
X

X
X

X

X
X

X
X

X
X
X

X

X

X
X
X

X

X

X

X

X
X

X
X
X

X
X

X
X
X

X
X

X

X
X

X = detection of the Phytophthora species. Blank = no detection of the Phytophthora species.
a No greenhouses in nursery 2.
b No water recycling system in nursery 1.
c No outdoor substrate storage in nursery 2.

TABLE 2
Detection of Phytophthora species in different sampling materials.

Phytophthora species
Nursery

P. cactorum
P. citricola
complex P. cryptogea /
P. drechsleri
P. gonapodyides
complex P. humicola /
P. inundata
P. lacustris
P. megasperma
P. plurivora
P. ramorum
P. rosacearum, complex
P. rosacearum
P. syringae
P. chlamydospora
Phytophthora spp.

Field soil
1
n=12

2
n=12

Sanda

Substratesb

1
n=48

1
n=14

Residues
1
n=30

2
n=41

Wind
carried
leavesc
2
n=26

Water +
sediment
(puddles)
1
n=24

2
n=23

Water +
sediment
(runoffs, water
retention
reservoir)d

Plants

2
n=23

1
2
n=128 n=67

X
X
X
X

X
X

X

X
X

X

X
X

X

X
X
X

X
X

X

X
X

X
X

X
X

X

X
X
X
X
X
X

X

X = Detection of the Phytophthora species. Blank = no detection of the Phytophthora species.
a Only one sand sample in nursery 2.
b No outdoor substrate storage in nursery 2.
c No wind carried leaves in nursery 1.
d No water recycling system in nursery 1.
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FIGURE 3
Meteorological data for the sampling period (August 2011 to May 2014).

TABLE 3
Meteorological data for the sampling period (August 2011 to May 2014).
Nursery 1

Rainfall
(mm/24 h)
Temperature
(°C)

Average
Minimum
Maximum
Average
Minimum
Maximum

Nursery 2

2011
Aug-Dec

2012
Jan-Dec

2013
Jan-Dec

2014
Jan-May

2011
Aug-Dec

2.9
0.0
10.9
10.3
–5.2
30.0

2.1
0.0
6.6
9.0
–19.1
34.8

2.1
0.0
13.6
8.9
–18.8
33.6

1.9
0.0
10.5
6.6
–12.5
21.6

3.0
0.0
7.5
10.7
–4.0
29.9

temperatures >25° (47 in May to September 2012, 62 in May to
September 2013) than nursery 2 (31 in May to September 2012,
27 in June to September 2013). For the years 2011 to 2014, the
annual average rainfall in Germany ranged between 722 and 779
mm/year. Nursery 1 was located in an area with more rainfall
(annual averages 2011 to 2014: 754 to 821 mm/year) than nursery
2 (annual averages 2001 to 2014: 622 to 704 mm/year).
PHYTOPHTHORA SPECIES DETECTED
In nursery 2 more than twice as many samples tested positive
for Phytophthora (37.4%) than in nursery 1 (15.9%) (Fig. 4). The
number of uncertain detections was low: 5.4% in nursery 1, 4.5%
in nursery 2. In both nurseries the majority of samples testing
positive contained only a single Phytophthora species; only a low
number of samples yielded two species (Fig. 5). Only in nursery 2
7.2% of the samples positive for Phytophthora contained three
Phytophthora species. In nursery 3 where samples were taken
only in November and December 2011 two of the 18 samples
were positive, and three were uncertain.
In total 12 Phytophthora species were detected (Fig. 6). Further
three isolates did not match any of the known species. The

2012
Jan-Dec

2013
Jan-Dec

2014
Jan-May

1.8
0.0
8.6
9.7
–15.3
35.0

1.9
0.0
9.5
9.4
–13.1
34.9

1.5
0.0
5.3
7.2
–9.9
22.4

dominant species were P. gonapodyides, P. plurivora and
P. ramorum, but the range of species and the frequency of
occurrence varied with the nursery: For example, P. gonapodyides
was primarily detected in nursery 2 (59.4% of the positive
samples) while P. ramorum occurred in 50% of the positive
samples in nursery 1 but only in approximately one third of the
samples from nursery 2. The number of “uncertain” detection was
higher in nursery 1 than in nursery 2. It was interesting to see that
in the samples with more than one Phytophthora species nearly
always P. gonapodyides was the accompanying species.
P. ramorum was mainly found together with P. gonapodyides
and/or P. plurivora (data not shown). In nursery 3 the three
positive samples were contaminated with P. ramorum. This
finding was the decisive element in the manager’s decision from
nursery 2 to cancel the subcontract for rooting at nursery 3.
DETECTION OF PHYTOPHTHORA BY YEAR AND SEASON
Phytophthora was detected in all three years of the study
(Fig. 7). In nursery 2, the number of positive samples seemed to
decrease until February 2013, than increased until the end of the
study.
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FIGURE 4

FIGURE 5

Samples with Phytophthora.

Number of Phytophthora species detected per sample. “n” = number of
samples tested positive for Phytophthora.

FIGURE 6
Range of Phytophthora species detected. “n” = number of samples tested positive for Phytophthora.

Within the two nurseries Phytophthora could be detected
during every season (Fig. 7). Even when the samples were frozen
during winter, i.e. like the water in puddles or the soil, live
cultures of Phytophthora could be obtained (data not shown).
Some Phytophthora species were only detected once, for
example P. cactorum, P. citricola and P. drechsleri/P. cryptogea,
while others, like P. ramorum, P. plurivora and P. gonapodyides
were detected during nearly all seasons of the year (Table 4) but
with varying rates in the two nurseries: While in nursery 2 the
three latter Phytophthora species were present at nearly each
sampling date, in nursery 1 P. plurivora could only be detected

between October 2011 and July 2012 and in May 2014;
P. gonapodyides was found only in May 2012 and 2014 and in
September 2013 (data not shown). There was no correlation
between Phytophthora detection and temperatures or rainfall.
DETECTION OF PHYTOPHTHORA IN THE
PROPAGATION/CULTIVATION AREA AND IN THE WATER
RECYCLING SYSTEM
Both nurseries cultivated the majority of their Rhododendron as
containerized plants, and valuable old plants (mother plants) were
maintained as field-grown stock. Nursery 1 rooted the
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FIGURE 7
Detection of Phytophthora by year and the month. *In February 2013 sampling was not possible; the nursery managers sent samples.

Rhododendron in greenhouses or in greenhouses covered with
film and hardened the young plants in multipropagation trays in
plastic tunnels, mainly on a sand layer but in some plastic tunnels
also on geomembranes with sand layers beneath. The 1-year-old
Rhododendron were than cultivated on container stands. Nursery
2 used only plastic tunnels for rooting and hardening and
container stands for further cultivation. The plastic tunnels had
stands covered with a geomembrane and only a single pathway in
the middle covered with stones. These pathways were kept very
clean so that no good samples could be taken. Sampling beneath
the geomembrane was only possible in nursery 1 on an old
container stand where the membrane was removed to reconstruct
the stand.

In both nurseries, Phytophthora could be detected at all
sampling areas (Figs. 1A and 1B). In the covered sections, the
highest percentage of positive samples (57.1% in nursery 1 and
94.7% in nursery 2) came from the outdoor pathways close to the
entrances of the greenhouses and plastic tunnels. In the
greenhouses and plastic tunnels, Phytophthora could be detected
on the indoor pathways (only sampling in nursery 1) and on the
stands for the multipropagation trays (Figs. 1A and 1B). The
sampling in nursery 1 showed that the pathogens were present on
the indoor stands no matter whether the sublayer under the
multipropagation trays was a geomembrane or sand. The situation
on the container stands was similar; the highest percentages of
positive samples (55.0% in nursery 1, 64.7% in nursery 2,) were
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TABLE 4
Detection of Phytophthora species in the different sampling months
Sampling months
Jan/Feba
Nursery
Phytophthora species

P. cactorum
P. citricola
complex P. cryptogea / P. drechsleri
P. gonapodyides
complex P. humicola / P. inundata
P. lacustris
P. megasperma
P. plurivora
P. ramorum
P. rosacearum, complex P. rosacearum
P. syringae
P. chlamydospora
P. spp.

1
n=38

2
n=27

March
1
n=49

2
n=53

Jul/Augb

May
1
n=60

2
n=44

1
n=36

2
n=34

Sep
1
n=38

Oct

2
n=25

1
n=17

Nov
2
n=7

1
n=38

2
n=32

X
X
X
X

X
X

X
X

X

X

X

X

X

X

X

X
X

X
X

X

X
X

X
X

X
X
X

X
X
X

X
X

X
X

X

X
X

X
X

X
X

X

X

X
X
X
X
X
X

X
X

X
X

X

X

X
X

X
X

X = detection of the Phytophthora species; blank = no detection of the Phytophthora species.
a 2013 sampling was in February instead of January.
b 2011 sampling was in August instead of July.

on the pathways nearby (Fig. 1A and 1B). On the container stands
of nursery 2 the detection rate was nearly similar (63.0%) but
much lower in nursery 1 (22.2%). In both nurseries, the detection
rates of Phytophthora in the plant samples increased from the
propagation/hardening section (the increase can be seen in
Fig. 1A for nursery 1 and in Fig. 1B for nursery 2) to the
container stands (Fig.1). In addition, an indoor and an outdoor
storage place for substrates could be sampled in nursery 1; in
8.3% of the samples stored open air Phytophthora could be
detected (Fig. 1A). The sampling of the water recycling system
with slow sand filtration in nursery 2 showed the highest
percentage of positive samples (60%) in the runoffs followed by
the water retention reservoir (48.2%) (Fig. 1B). The 25% of
filtrate samples with uncertain Phytophthora detection originated
from sampling dates soon after the filter had been switched on
after a longer period of switchoff. In the samples from the clean
water reservoir, no detection of the pathogens was possible.
In both nurseries, the widest range of Phytophthora species
could be detected in the samples from the container stands
(Table 1). A wide range of species was also present in the samples
from the plastic tunnels and in the water recycling system of
nursery 2. Phytophthora ramorum was present in all areas,
similarly with P. plurivora that was not detected only at the
sections for substrate storage in nursery 1. Phytophthora
gonapodyides was present in samples from the fields (only in
nursery 1), from plastic tunnels and container stands (both
nurseries), and from the water recycling system in nursery 2.
In nursery 1, single samples were taken from beneath the
geomembranes of an old container stand under construction. Out
of the four samples taken, two were positive: one yielded
P. chlamydospora and the other yielded P. chlamydospora and
P. ramorum (data not shown).
DETECTION OF PHYTOPHTHORA IN DIFFERENT SAMPLING
MATERIALS
Materials chosen for sampling were: (i) field soil from the
mother plant sections (both nurseries); (ii) sand from the layers
beneath the multiport propagation trays or beneath the
geomembranes in the greenhouses and plastic tunnels (only in
nursery 1); (iii) substrates from the indoor and outdoor storage

section (mainly in nursery 1, see section above); (iv) residues that
usually were present on container stands between the containers
or in the covered sections between the multipropagation trays or
on the pathways (both nurseries); and (v) water and sediment
from puddles on the pathways (both nurseries) and (vi) from the
water recirculation system (nursery 2). In nursery 2, extra samples
were taken from wind-carried oak leaves because many Quercus
robur trees grew close to the production areas. Fallen oak leaves
from nursery boarders were carried by wind to the container
stands where they often accumulated at the edges of the container
stands and mixed with other residues, soil, or sand.
Phytophthora could be detected in all sampled materials. The
highest percentages (50.0% in nursery 1, 95.7% in nursery 2)
came from the water and sediment samples taken from puddles on
the outdoor pathways (Fig. 2). In nursery 1, the second highest
contamination rate (41.7%) was in the field soil. All other
sampling materials in this nursery had detection rates below 15%.
In nursery 2, the second highest detection rate was from the windcarried oak leaves (73.1%) followed by the water and sediment
samples from the runoffs and the water retention reservoir
(52.2%) and the residues (48.8%). In both nurseries, the plant
samples showed very low detection rates (16.2% in nursery 1,
11.9% in nursery 2).
In both nurseries, the widest range of Phytophthora species
could be detected in the water and sediment samples from the
puddles (Table 2). Multiple species of Phytophthora could also be
detected in the water and sediment samples from the runoffs,
from the retention reservoir, and in the wind-carried leaves from
nursery 2. Phytophthora ramorum was present in all materials
sampled except the plant samples of nursery 2. This species was
also present in rootball samples from asymptomatic
Rhododendrons in nursery 1. Phytophthora plurivora could also
be detected in nearly all materials including the rootballs of
asymptomatic Rhododendron but not in the sand and the substrate
samples. Phytophthora gonapodyides was mainly present in the
water and sediment samples but also in the residues and in windcarried oak leaf samples of nursery 2. Concerning the plant
samples, only one rootball sample from nursery 2 showed
contamination with P. gonapodyides (data not shown).
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DISCUSSION AND RECOMMENDATIONS FOR NURSERY
PRACTICE
The numerous detections clearly show that Phytophthora
species can survive in different areas and materials of commercial
plant production. It is very obvious that contaminated pathways
are the best inoculum source for the spread of these Phytophthora
species throughout a nursery. Many nurseries have unpaved
pathways. The bumpy pathways have puddles that offer
Phytophthora excellent conditions for survival. Water runoffs and
retention reservoirs are further good places for survival of the
water-borne Phytophthora species (Ghimire et al. 2011; Hong et
al. 2011; Parke et al. 2004; Themann et al. 2002b; Werres et al.
2007). On the container stands and on any kind of indoor stands,
the residues seem to be the most important source for inoculum.
Most of the residues contained plant debris from, for example,
fallen leaves of the cultivated plants. It is well known that
Phytophthora can survive for long periods in plant tissue
(Linderman and Davis 2006; Rytkonen et al. 2013; Shishkoff
2007). It is not yet clear whether the wind-carried common oak
leaves in nursery 2 were infected with the Phytophthora species
isolated or whether the debris, soil, or sand mixed with these
leaves in nursery 2 carried the isolates. Studies with oak species
and Phytophthora gave varying results; susceptibility of Quercus
robur varied with the Phytophthora species (Balci et al. 2008),
from low susceptibility to P. ramorum (Denman et al. 2005) to no
infection with P. ramorum (Rytkonen et al 2012). Varying
susceptibility of other oak species to P. ramorum was also
demonstrated by Widmer et al. (2010).
Plants did not seem to be the best subjects to sample for
nursery surveys of Phytophthora. The high contamination rates in
the samples from the pathways and residues close to the plant
stands did not correspond with the detection rates of
Phytophthora in the plant samples. The reason could be the
application of fungicides specific for oomycetes. But there is the
risk that the fungicides do not always kill Phytophthora so that
plants remain asymptomatic for a long period. If asymptomatic
plants will be surveyed, sampling from rootballs or the
surrounding potting medium can help to detect latent infection
(Parke 2007; Ufer et al. 2008; Vercauteren et al. 2013; Werres et
al. 2007).
The results showed that under the climatic conditions in
Western Europe, even in winter, survival of many Phytophthora
species is possible in containerized plants and in other materials.
Studies with P. ramorum indicate that low temperatures increase
the inoculum levels (Tjosvold et al. 2008; Vercauteren et al.
2013). In our studies there was no clear correlation between
temperature/rainfall and the detection rate of P. ramorum. It may
be that the “artificial” situation of plant cultivation in a nursery
has a greater influence on the inoculums level and/or quality. For
example, high nitrogen fertilization can increase the susceptibility
of Rhododendron towards Phytophthora especially if the cultivar
is susceptible (Hoitink and Powell 1990; Hoitink et al. 1986;
Hummel et al. 2013). Other factors can be water or osmotic stress
(Blaker and MacDonald 1981; Roubtsova and Bostock 2009).
Contaminated material presents the highest risk for the spread
of Phytophthora, but the risk for plant infection seems less clear.
For example, to cause disease with contaminated irrigation water,
the inoculum in the water must be very high and/or the infection
conditions favorable (Hong et al. 2011; Tjosvold et al. 2008;
Werres et al. 2007; Zappia et al. 2014). Contaminated potting
media seem to be a risk for root infection, as was demonstrated
for P. ramorum and Rhododendron (Parke 2007; Tjosvold et al.

2009). But leaf infection depended on the rainfall or on the type
of irrigation (Parke 2007; Tjosvold et al. 2009); it increased when
the plants were irrigated overhead or after heavy rainfall in spring.
The risk of infection via other contaminated materials is not yet
clear. Fallen leaves of the host plants increase the risk if
Phytophthora species can sporulate on them as demonstrated for
P. ramorum (Shishkoff 2009; Tjosvold et al. 2009; Tjosvold et al.
2008). Nevertheless, any kind of debris/residues should be
removed regularly to minimize the risk of infection.
Detailed suggestions on management strategies for pests and
diseases are published by Parke and Grunwald (2012). Based on
the results from our studies, the following recommendations can
be added for nursery surveys and management.
For surveys on Phytophthora:
(i) To check whether and which Phytophthora species are present
in a nursery, plants are not the sample of choice. Puddles on
pathways, runoffs, or other places with temporary or constant
water are much better samples.
(ii) To check the Phytophthora situation directly on the
propagation and production sections (stands in greenhouses
and plastic tunnels, container stands), mixed samples from
debris/residues are excellent samples.
(iii) To check whether asymptomatic plants are infected or
contaminated with Phytophthora, sampling of the rootballs is
better than leaves or twigs.
(iv) Samples should be taken at different seasons during the year
and at different locations in the nurseries because the range of
Phytophthora species and their distribution can vary with a
wide range of influencing factors.
(v) A combination of baiting and subsequent study of the baits
with molecular techniques can help to check large number of
samples of varying quality.
For the management of Phytophthora:
(i) Pathways should be covered with materials like gravel that
drain water quickly.
(ii) Puddles on pathways and stands should be filled immediately
with material that drains water no matter whether they are
dried or wet; that is most important if the puddle is just in
front of the entrance of a greenhouse or plastic tunnel.
(iii) Temporary disinfection bath systems at the entrances of
greenhouses and plastic tunnels for the periods of plant
movement in and out could help to keep indoor stands in the
covered sections clean.
(iv) Residues, no matter whether they are on a stand or on a
pathway, should be removed regularly. They are an excellent
source for inoculum.
(v) If possible, overhead irrigation should be replaced by drip
irrigation.
(vi) Container stands should be reconstructed perhaps within 5 to
10 years, Phytophthora can move beneath the geomembrane.
(vii) When the geomembrane is removed for reconstruction, the
layer beneath should be checked for Phytophthora
contamination; if Phytophthora is detected the sublayer(s)
must be replaced as well.
(viii) If substrates are stored outside, a cover could help prevent
contamination via air and rain splash; nursery managers
should take into consideration that the wheels of machinery
(for example, for substrate transport) can carry Phytophthora
from contaminated pathways to the storage area.
(ix) Runoff water that will be reused for irrigation should be
disinfected. Biological-mechanical techniques like slow sand
filtration systems are very effective and environmentally
friendly (for examples of different techniques, see Ufer et al.
2008; Werres and Wohanka 2014).
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(x) Even if it is difficult and time consuming to disinfect the
equipment, nursery managers should think of techniques to
clean at least the wheels of the tractors and other machinery
to prevent the spread of Phytophthora from the pathways.
(xi) Fields must be kept as clean as possible. It is extremely
difficult to eliminate Phytophthora from contaminated soil.
Chemicals for soil disinfection are not registered for use in
nurseries in every country and are not always successful in
killing Phytophthora.
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