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Grapevine trunk disease in German viticulture: occurrence of lesser known
fungi and first report of Phaeoacremonium viticola and P. fraxinopennsylvanicum
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Summary

Thirteen species of lesser known wood inhabiting
fungi living on grapevine (Vitis vinifera) and/or in the
vicinity of vineyards are presented with respect to sys-
tematics, life strategy and symptoms, host range, geo-
graphic distribution, transmission and occurrence on
Vitis, identification, and diagnosis. Sampling has been
performed during a three-year-survey covering nurser-
ies, vineyards, and neighboring fruit trees in the viticul-
tural area of southern Palatinate, Germany. The possi-
ble pathogenic significance and the relation to grapevine
trunk diseases are discussed. The following species are
reported for the first time in Germany: Cadophora lu-
teo-olivacea, C. fastigiata, Collophora paarla, Coniochae-
ta hoffmannii, Eucasphaeria capensis, Phomopsis coto-
neastri, and the Esca-related Phaeoacremonium viticola
and P. fraxinopennsylvannicum. Eucasphaeria capensis
and Phomopsis cotoneastri are reported for the first time
from Vitis worldwide.

Key words: fungal pathogens; geographic dis-
tribution; grapevine trunk diseases; molecular diagnosis;
Phaeoacremonium.

Introduction

In nowadays viticulture, different species of Vitis are
combined in grapevine. As a result of grafting processes,
cultivars of V. vinifera, as the scion part, are combined
with rootstock species such as V. berlandieri, V. cinerea or
V. rupestris. The latter usually appear as hybrids. Both sci-
ons and rootstocks host numerous fungal organisms, show-
ing a variety of different life strategies.

As with other perennial plants, also grapevine offers a
vast range of ecological niches: fungal species may be iso-
lated from leaves, berries, and — in increasing numbers with
ongoing age — from the wood, both inside and on the sur-
face. Classification of involved fungi encompasses a variety
of taxonomic groups. Among these, anamorphic fungi and
ascomycetes are most significant in relation to number of
species and economic impact; well-known pathogens also
are among the oomycetes and, in relation to the so-called
grapevine trunk diseases (GTDs), the basidiomycetes. A
unique role falls to the glomeromycetes, forming the essen-
tial VA-mycorrhiza with grapevine roots.

Anamorphic fungi, ascomycetes and basidiomycetes
contribute to the complex of GTDs. The most important dis-
eases in this context are Esca (including possible precursor
diseases such as Petri Disease; for an overview see MUGNAI
et al. 1999, Surico et al. 2001, BErTscH ef al. 2012), Eutyp-
iosis, the "Bot cankers" (LEHOCZKY 1974, associated species
worldwide are discussed in UrBEz-Torres 2011) and black
foot disease (NascIMENTO et al. 2001, Fourie and HALLEEN
2004). Per definition, also Phomopsis cane and leaf spot
(with Phomopsis viticola as the causing agent) as well as
root rot of grapevine (species of Armillaria) are ranked
within GTDs. For Europe, the economic significance of the
latter two however is difficult to evaluate and related lit-
erature is rare (AGUiN et al. 2006, NASCIMENTO et al. 2007,
ProporuUTTI et al. 2009); also, the exact taxonomic identity
and pathogenic significance of the involved species partly
remains unresolved or detailed knowledge is restricted to
certain geographic areas (for an overview on Phomopsis,
see PuiLipps 2000).

After a prolonged period of ongoing research world-
wide, the exact composition of the fungal communities be-
ing involved in GTDs such as Esca, Petri disease or "Bot
canker" is still not fully clear. In addition to the general-
ly accepted taxa such as Phaeomoniella chlamydospora,
Phaeoacremonium aleophilum, Botryosphaeria obtusa (an-
amorph: Diplodia seriata), or species of Fomitiporia, just
to name a few, a considerable number of new species have
been detected and discussed in recent years. Among these
are many species of Phaeoacremonium (MOSTERT et al.
2006, GRAMAJE et al. 2015), species of the teleomorphic
genus of Botryosphaeria (UrBEz-TorrEs 2011), or mem-
bers of the lesser known genera, Cadophora (HALLEEN et al.
2007, GRAMAIE et al. 2011) or Neofitsicoccum (AMPONSAH
etal. 2014).

To which degree these "new" species can be found in
viticultural areas of Central Europe remains mostly un-
known with the data at hand. Also, no statement is possible
if these taxa would act as serious pathogens under Central
European conditions and if, in some way, they contribute to
the development of GTDs and related symptoms.

FiscHEr and KASSEMEYER (2003) published an annotat-
ed list of esca related fungi in Germany, which was lim-
ited to a total of seven species, including the well known
Eutypa lata, Phomopsis viticola, Botryospahearia obtu-
sa, and Cylindrocarpon destructans. Subsequent research
was limited, without taking much notice of other fungi.
Fungal colonies not fitting into the realm of Esca-related

Correspondence to: Prof. M. FiscuEr, Julius Kiihn-Institute (JKI), Institute for Plant Protection in Fruit Crops and Viticulture, Sie-

beldingen, Germany
© The author(s).

This is an Open Access article distributed under the terms of the Creative Commons Attribution Share-Alike License

(http://creative-commons.org/licenses/by-sa/4.0/).



146

fungi were mostly ignored and/or discarded. In 2013 we
initiated a monitoring program on the possible existence of
GTD-related fungi, including less known ones, in German
nurseries as well as in vineyards and surrounding areas,
with particular emphasis on fruit trees. By the end of 2015
we had collected and characterized numerous samples de-
rived from different sources: i) nurseries, both indoor and
outdoor; here, the wooden parts of the plant material and
the different substrata related to the production of grafted
vines such as water and callusing media were examined; ii)
vineyards of different age and representing different culti-
vars; here, samples were derived from leaves, berries and
wood; and, iii) air trapping was performed both in vine-
yards and nursery fields, and spore traps were also placed
in selected stands of Prunus fruit trees, all of them in the
vicinity of vineyards.

Fungi were identified by, 1) culturing followed by mi-
croscopical and / or molecular based analysis of the derived
mycelia; ii) molecular analysis without a pre-culturing
step. The latter approach was used for some of the air sam-
ples in vineyards. The presented results are a selection only
of our findings. With reference to the available literature
and our own experience a total of 13 species is presented.
For each species we provide information on life strategy
and symptoms, host spectrum, geographic distribution, and
diagnosis. General notes, with particular reference to the
possible pathogenic impact, are added for each species.
Cultural phenotypes are illustrated by photographs.

We have omitted well known species such as Fomitipo-
ria mediterranea (Fmed), Phaeomoniella chlamydospora
(Pch), Phaeoacremonium viticola (Pal), Eutypa lata (Ela-
ta) or Phomopsis viticola (Diaporthe ampelina). Plenty in-
formation on these taxa has been provided over the years
and nothing new was added by our studies. It has to be
mentioned though that in concordance with previous stud-
ies (FiscHEr and KASSEMEYER 2003) Fmed, Pch and Elata
appeared as the most common GTD related fungi, at least
so in the vineyards.

Material and Methods

Sampling and culturing: Samples from
grapevine wood were collected from the southern Palat-
inate area of Germany from 2013 through 2015. Isola-
tions were made by plating surface sterilised symptomatic
grapevine material onto Potato Dextrose Agar (PDA) or
malt extract (ME) medium (for details see FiscHEr and
KassemEYER 2003, CLOETE et al. 2016). Samples from
grafting tools in nurseries were taken by scraping residues
from tools into sterile 50 mL tubes; samples from callus-
ing media were collected in April/May 2014 during cal-
lusing stage from various callusing boxes. Three spatula
tips (appr. 200 mg) each of grafting residues and callus-
ing media were suspended in 500 pL sterilised tap water
containing Tween®80 (Carl Roth), respectively. Dilution
series (undiluted, 1:10 and 1:100) were prepared in sterile
tap water and were plated on PDA containing Chloram-
phenicol at a concentration of 25 pg-mL". In addition,
liquid samples from various dipping baths (water baths,
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baths containing fungicides) were taken prior to grafting.
Dilution series (undiluted, 1:100, 1:1.000 and 1:10.000)
were plated out as described above. Dishes were incubated
at 25 °C under permanent dark conditions. Fungal growth
was checked once a day; resulting colonies were transferred
onto separate Petri dishes containing PDA. Fungal isolates
are maintained in the culture collection of the Institute for
Plant Protection in Viticulture at the Julius Kiihn-Institut,
Geilweilerhof, and are stored in tubes at +4 °C conditions.
Growth studies of mycelia were conducted on Petri dishes
(9.5 cm in diam.) containing PDA at approx. 23 °C under
daylight conditions.

Spore trapping: Spore trapping was conduct-
ed from July through December in 2014 and from March
through December in 2015. One vineyard of Vitis vinifera
'Phoenix' planted in 1996 and located at the Geilweilerhof
area as well as five fruit trees belonging to different species
of Prunus were chosen for monitoring. All trees showed
some signs of external decline and were located next to
vineyards. Sampling of the spore traps was based on the fil-
ter method described by EskaLEN and GUBLER (2001). Traps
consisted of glass slides covered with Chesebrough Vase-
line (Ponds Hamburg, Germany) affixed on tree branches
and in the canopy of vines. Slides were exchanged on a
weekly basis.

DNA extraction, PCR and sequencing:
Whole cell DNA was isolated from cultured mycelium as
described by TiLLETT and NEILAN (2000). Prior to DNA ex-
traction, cultures were grown on PDA at appr. 23 °C under
daylight conditions. Quantity and quality of the DNA were
examined using a Spectrophotometer (Nanodrop 2000c,
Thermo Scientific, Waltham, USA). Isolated DNA was di-
luted to a final concentration of maximum 100 pg-mL™" in
distilled water. The polymerase chain reaction (PCR) was
used to amplify a portion of the nuclear encoded riboso-
mal DNA unit defined by the primer combination prITS5
and prITS4 (for primer sequences, see WHITE et al. 1990).
The fragment spans the entire ITS1 region, the 5.8S rRNA
gene, and the ITS2 region. The PCR reactions were set up
in 20 pL volumes. Hot start PCR was applied throughout
using a KAPAHiFi™ Hot Start Polymerase (PEQLAB
Biotechnologie GmbH, Erlangen, Germany): twenty five
cycles were performed on a SimpliAmp™ Thermal Cy-
cler (Applied Biosystems, Darmstadt, Germany) using
the following parameters: 95 °C initial denaturation step
(5 min), 98 °C denaturation step (20 sec), 53 °C anneal-
ing step (15 sec), 72 °C primer extension (20 sec). A final
incubation step at 72 °C (1 min) was added after the final
cycle. Five uL of each PCR reaction were electrophoresed
on 1.5 % agarose gels. A 100 bp+ DNA ladder (PEQLAB
Biotechnologie GmbH, Erlangen, Germany) was used as
standard. The amplified products were purified with the
QIAquick PCR Purification Kit (Qiagen, Hilden, Germa-
ny) following the manufacturer's instructions. DNA was
suspended in 30 uL Tris-HCI buffer (10 mM, pH 8.5). PCR
primers, i.e. prITS5 and prITS4, were used for sequencing.
Cleaned products were sequenced using ABI PRISM Big
Dye Terminator v3.1 Cycle Sequencing Ready Reaction
Kit (PE Biosystems, Foster City, CA, USA). Products were
then analyzed on an ABI Prism 3130XL DNA sequencer
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(Perkin-Elmer, Norwalk, CN, USA). Sequences were pro-
cessed as described before (CLOETE et al. 2016) and have
been deposited at GenBank (www.ncbi.nlm.nih.gov/gen-
bank/).

Results
Fungal descriptions (in alphabetical order):

Aureobasidium pullulans (De Bary) G. Arnaud ex Cif.,
Ribaldi & Corte

Classification: Ascomycota, Dothideomycet-
es, Dothideales, Aureobasidium.

Life strategy and symptoms: Aureoba-
sidium pullulans is a ubiquitous fungus; it can be found
on soil, in the air, in liquids such as water or on/in any
plant part. Occurrence may be as epiphyte or endophyte.
On plants, no disease symptoms are related to the species.
On humans however, it has a certain clinical significance:
among other things the phenomenon of hypersensitivity
pneumonitis, due to mold contamination with a high fre-
quency of 4. pullulans conidia, has been reported in a few
cases (for instance TEMPRANO et al. 2007).

Host plants: On a wide range of plant species,
both angiosperms and gymnosperms, both annual and per-

ennial. The species has been reported from Vitis in Austral-
ia, South Africa, Greece and Spain (GonzaLez and TELLO
2011).

Geographic distribution: Essentially in all
regions worldwide, including both temperate and cool re-
gions; however, exact classification of the respective spec-
imens is partly uncertain (ZALAR et al. 2008).

Transmission and occurrence on Vi-
tis: One-celled conidia are readily formed by the fungus
and are thought to act as the primary source of dissemina-
tion (for instance, see BARNETT and HUNTER 2006). In our
studies, the fungus was revealed from different sources: 1)
in nurseries, it was isolated from wood of plant material
and from waste water; ii) in vineyards, it was detected on
the leaf surface, in wood next to the grafting union, and
in xylem sap during springtime; iii) on spore traps located
outside of vineyards. Air, water etc. therefore are consid-
ered as the main vectors for the fungus. All in all, 4. pullu-
lans was among the most frequently isolated fungi in our
monitoring.

Identification (Figure, a): The fungus is easy to
cultivate and is fast-growing. Colonies on PDA are usual-
ly yeast-like; slightly pink when young, but turning dark
with ongoing time; surface is more or less slimy due to pro-
duction of conidia. We detected some variation in cultural
appearance among our isolates, but this is in congruence

Figure: Fungi related to grapevine trunk disease in Germany. Cultures on PDA after 14 d of incubation at approx. 23 °C under
daylight conditions. a: Aureobasidium pullulans; b: Botryosphaeria dothidea; ¢: Cadophora luteo-olivacea; d: Collophora paarla;
e: Coniochaeta hoffmannii; f: Diplodia seriata; g: Eucasphaeria capensis; h: Leucostoma persoonii; i: Neofusicoccum luteum; j:
Phaeoacremonium fraxinopennsylvanicum; k: Phaeoacremonium viticola; 1: Phomopsis cotoneastri.
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with former observations (summarized in SLEPECKY and
STARMER 2009).

ITS sequence based on primer pair
ITSS5-1ITS4: GenBank accession KX034050. No spe-
cies-specific primers exist.

Notes: The species is significant under different as-
pects: 1) it is of considerable importance in biotechnology,
producing several enzymes and the edible polysaccharide
polymer pullulan, and ii) several strains of the fungus are
used as biocontrol agent on a variety of fruits or, in general,
against postharvest pathogens such as Botrytis cinerea or
Penicillium expansum (IppoLito et al. 2000). The species
is more or less omnipresent in relation to grapevine and
viticulture; its eventual impact on the plant is uncertain,
but no real damage of the host is to be expected. For further
evaluation of an antagonistic behavior tests on the possible
efficacy against GTD related fungi would be essential.

Botryosphaeria dothidea (Moug. ex Fr.) Ces. & De
Not.

Classification: Ascomycota, Dothideomycet-
es, Botryosphaeriales, Botryosphaeria.

Life strategy and symptoms: A number
of disease symptoms have been related to B. dothidea in
the past, among which dieback and canker on shoots and
trunks are the ones most often cited (LARIGNON et al. 2001,
under the designation "Black Dead Arm"; PuiLLips 2002,
UrBez-TORRES ef al. 2009). Besides, also berries might be
affected (MiLLHOLLAND 1991). The species is saprobic, par-
asitic or endophytic (for an overview on related literature,
see FArRr and Rossman 2015), and the transfer between
these different stages is still not fully clear. RoLSHAUSEN
et al. (2010) have evaluated pruning wound susceptibility
of grapevine using B. dothidea and other species.

Host plants: Both on angiosperms and gymno-
sperms, trees and shrubs; Vitis is just one of numerous hosts
of B. dothidea. The species was redefined more recently
(SuippERs ef al. 2004) and so the reported host range might
be actually somewhat more limited. PuiLLips et al. (2013)
should be consulted for actual data on the host range of
B. dothidea.

Geographic distribution: Probably world-
wide and cosmopolitan (PHILLIPS et al. 2013).

Transmission and occurrence on Vi-
tis: In general, infection by Botryosphaeriaceae is
thought to occur via wounds (voN ArRx and MULLER 1954,
SMITH et al. 1994; for an overview see SLIPPERS and WING-
FIELD 2007). Accordingly, affected wood takes its origin
from wounds on branches or stems.

In our studies, the fungus was revealed from the fol-
lowing sources: i) in the nursery, where it was isolated
from wood of plant material and waste water; ii) in the
vineyard it was isolated from leaf surface and from wood
of dead and living vines. In the wood of older vines the
species was always co-occurring with other GTD-related
fungi such as Fmed, Elata or Pch.

Identification (Figure, b): Colonies on PDA are
variable in appearance; mostly whitish when young, then
gradually turning dark grayish to olivaceous and finally
blackish with age; reverse side always is darker. Colony
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surface is mat-like, aerial hyphae are abundant. Mycelium
is fast-growing, covering a Petri dish (9.5 cm in diam.)
within a week (see also PuiLLips 2002).

ITS sequence based on primer pair
ITSS5-1TS4: GenBank accession KX037446. No spe-
cies-specific primers exist.

Notes: Most prominent species of Botryosphaer-
ia in Europe are B. obtusa (anamorph: Diplodia seriata;
LARIGNON et al. 2001, PHiLLips ef al. 2007, see below),
B. stevensii (anamorph: Diplodia mutila; LEHOZKY 1974)
or B. parva (anamorph: Neofusicoccum parvum; PHILLIPS
2002). The pathogenic significance of the less common
B. dothidea 1is still questionable. While the species was
shown to have some impact in pathogenicity tests (LAR-
IGNON et al. 2001, UrBEz-TORRES et al. 2009, ROLSHAUSEN
et al. 2010), it should be considered that such tests usually
are based on mycelial plugs inoculated to artificial wounds.
In the field, spores transported by air and / or water will act
as the natural infection source however (for instance, see
KunTtzMANN et al. 2009).

Endophytic appearance of Botryosphaeriacae has of-
ten been reported in the past (comprised in SripPERs and
WiNGFIELD 2007), and no symptoms may appear unless the
host plant is under stress.

Cadophora luteo-olivacea (J.F.H. Beyma) T.C. Harr.
& McNew

Classification:
Helotiales, Cadophora.

Life strategy and symptoms: The type
material of C. luteo-olivacea has been isolated from waste
water of a "Schleiferei" in Sweden, 1939. Species of Ca-
dophora have been recovered from a large variety of envi-
ronments, such as decaying wood (most interesting, BLAN-
CHETTE et al. 2010 report occurrence of Cadophora in Ant-
arctica, where it was isolated from E. Shackleton's wooden
hut erected in 1907), soil, or plants such as grapevine. In
the latter, the species might be related to general decline
(HALLEEN ef al. 2005, 2007, ROONEY-LATHAM et al. 2005)
and also was isolated from young vines affected by Petri
disease, from nursery material and related environmental
samples (GRAMAJE et al. 2011). Cadophora spp. are also
found in healthy vines.

Host plants: Uncertain with the scattered data
at hand, but possibly occurring on many deciduous plant
genera.

Geographic distribution: Probably world-
wide and cosmopolitan. Our finding of the species is the
first documented one in Germany.

Transmission and occurrence on Vi-
tis: The species readily produces conidia that are dis-
persed by wind or water and may infect any wounds in
the wood (GRaMAJE et al. 2011). Cadophora luteo-olivacea
in our studies was frequently found in nurseries, where it
was isolated from grafting tools, wood of plant material
(rootstocks, both grafted and non-grafted), waste water as
well as from callusing media, i.e. sawdust and peat. In the
vineyard, on one occasion it was isolated from xylem sap;
otherwise, it was mostly derived from the wood next to the
grafting union both in dead and living vines.

Ascomycota, Leotiomycetes,
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Identification (Figure, c): Mycelium is slowly
growing on PDA, reaching maximum 1.5 cm of diam. per
week. Colony surface in the centre is slightly cottony, oli-
vaceous-greenish; at the margin it is usually whitish-gray-
ish, smooth and shiny; reverse side is darker.

ITS sequence based on primer pair
ITSS5-ITS4: GenBank accession KX037447. Spe-
cies-specific forward primers have been published by Spa-
DARO ef al. (2011).

Notes: Pathogenicity trials have been performed
with C. luteo-olivacea and C. melinii by GRAMAJE et al.
(2011). The former species produced lesions in selected
rootstocks and consequently was considered a potential
pathogen (also see HALLEEN et al. 2007, TRAVADON et al.
2015). Trials were based on mycelial plugs though and in
this way do not fully represent natural conditions where
conidia will act as source of infection. Based on conidi-
al suspensions, postharvest pathogenicity was document-
ed on kiwifruit, apple and pear (Spabaro ef al. 2011). In
our studies C. luteo-olivacea was the species most com-
monly isolated from wood showing signs of brown wood
streaking (bws) and gummosis. While it usually appeared
"single-handed" in affected areas of plant material, it was
co-existing with other wood fungi such as Pch or Pal in
older vines in the field. Further attention will be necessary
to evaluate the pathogenic significance of C. luteo-olivacea
on grapevine.

Another member of Cadophora new for Germany is
C. fastigiata Lagerf. & Melin which was recovered on
one opportunity from wood of rootstock material. To our
knowledge (compare with BLANCHETTE et al. 2010, GRAMA-
JE et al. 2011, TravaDON et al. 2015) this is the first report
of this species on Vitis as a host plant worldwide. GenBank
accession is: KX037448.

Collophora paarla Damm & Crous
Classification: Ascomycota, Leotiomycetes, un-
certain order, Collophora.

Life strategy and symptoms: Little is
known about the life strategy of the recently described
C. paarla (Damm et al. 2010). The type material has been
collected from dark brown wood necrosis in the wood of
Prunus persica (Peach) or P. salicina (Japanese plum) in
the Western Cape region of South Africa and no further
findings of the species have been documented so far. Re-
lated species have been derived exclusively from the same
host genus, usually next to pruning wounds but also from
discolorations inside tree branches, and often co-existing
with other fungi such as Alternaria or Phaeoacremonium.

Host plants: Both Prunus persica (in the formal
description) and P. salicina (Table) are mentioned in the
original paper by Damm et al. (2010).

Geographic distribution: Original descrip-
tion from South Africa; with our finding now also demon-
strated for Germany. Distribution probably larger, but re-
cords are most likely incomplete because of poor knowl-
edge and/or misidentification.

Transmission and occurrence on Vi-
tis: Conidia are formed in masses by the fungus and by
wind or water may be transported to infection sites such as
injured wood. Occurrence on grapevine is uncertain with
the data at hand.

Identification (Figure, d): Mycelium is slowly
growing on PDA, under 25 °C conditions reaching appr.
1 cm in diam. per week. Colony surface is without aerial
mycelium; with irregular wrinkles in the centre; white to
gray in the beginning, and slowly turning pale reddish with
ongoing time. Margin is irregular, concolorous with cen-
tre.

ITS sequence based on primer pair
ITSS5-1TS4: GenBank accession KX037449. No spe-
cies-specific primers are known.

Notes: In pathogenicity trials performed on a vari-
ety of Prunus cane sections, C. paarla caused lesions sig-
nificantly longer than the negative control but significantly
shorter than those caused by the pathogen control, Eutypa

Table
Grapevine Trunk Diseases in Germany: selected fungal species in alphabetical order and their occurrence in different
environments
Isolated from
Species . 3 outside .
nursery  vineyard . environment
vineyard
Aureobasidium pullulans + + + wood, xylem sap, air sample
Botryosphaeria dothidea + wood
! Cadophora luteo-olivacea + + wood, tool debris, sawdust, peat
' Cadophora fastigiata + wood
"'Collophora paarla + air sample
' Coniochaeta hoffinannii + wood
Diplodia seriata + wood
-2 Eucasphaeria capensis + + wood, water, air sample
Leucostoma persoonii + air sample
Neofusicoccum luteum + wood
' Phaeoacremonium fraxinopennsylvanicum + wood
' Phaeoacremonium viticola + wood
-2 Phomopsis cotoneastri + wood

! First reports for Germany; 2 First reports for Vitis worldwide; * from spore traps attached to trees of Prunus spp.



150

lata (Damm et al. 2010). Existence of the species on grape-
vine is uncertain; however, isolates might be simply over-
grown on Petri dishes or they might be discarded due to
their non-familiar appearance not resembling more wide-
spread pathogens. In our studies, the species was revealed
twice, August and September 2014, from spore traps at-
tached to trees of Prunus persica respective P. dulcis, lo-
cated next to vineyards.

Coniochaeta hoffmannii (J.F.H. Beyma) Khan, Gené
& Guarro

Classification: Ascomycota, Sordariomycetes,
Sordiales, Coniochaeta.

Life strategy and symptoms: Species
of Coniochaeta and their anamorphs, Lecythophora, are
ubiquitous and have been reported from substrata such as
animal dung, wood-pulp, bark or wood of trees, water, soil
etc. (see compilation given in Damm ef al. 2010). CASIERI
et al. (2009) detected C. hoffmannii (as Lecytophora hoff-
mannii) on pruning wounds of young Vitis vinifera 'Hum-
agne' in Switzerland. This finding was the first report of the
species on grapevine; no particular symptoms were related
to the fungus.

Host plants: Unknown, but probably occurring
on numerous host plants both coniferous and deciduous
(for instance, see SIEBER ef al. 1999).

Geographic distribution: Unknown, but
probably widespread. Existing data are most likely incom-
plete because of poor knowledge and/or misidentification.
In our study reported for the first time in Germany.

Transmission and occurrence on Vi-
tis: By wind, water etc. The species has been revealed
from pruning wounds of young vine (CasiEri et al. 2009)
and, on one occasion, from the grafting union of older
vines in our study.

Identification (Figure, e): Colonies are mod-
erately-growing on PDA, with colony diam. of appr.
3.0-4.0 cm in two weeks; appearance is flat and smooth at
the margin, more wooly and with distinct aerial hyphae at
the centre; margin is grayish to yellowish; centre is orange
to dark gray, with slimy heads producing huge amounts of
broadly ellipsoidal to cylindrical conidia; colony colors are
less pronounced on reverse side.

ITS sequence based on primer pair
ITSS5-ITS4: GenBank accession KX158197. No spe-
cies-specific primers are known.

Notes: Under certain conditions, C. hoffmannii
might act as a soft rot fungus. Different types of hyphae
have been described for the species (HALE and Eaton 1985),
with the so-called T-branch hyphae being able to penetrate
the wood cell wall. Cellulase is one of the enzymes usually
segregated by soft rot fungi. No external symptoms were
observed in young vines infested by C. hoffinannii in the
study of Casieri ef al. (2009). In contrast, the sampled vine
in our study showed weak Esca symptoms on the leaves;
age of the vine was over 15 years, however, and it contained
both Pch and Fmed. After all, the role of C. hoffimannii as a
potential pathogen is not clear at the moment.
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Diplodia seriata De Not.

Classification: Ascomycota, Dothideomycet-
es, Botryosphaeriales, Diplodia.

Life strategy and symptoms: Diplodiase-
riata (with the teleomorphic state, Botryosphaeria obtusa;
SHOEMAKER 1964) is potentially related to several diseases
such as black rot of fruits, Frogeye leaf spot on leaves, and
canker of wood on numerous plant species. In grapevine,
Black Dead Arm (BDA) was first described in 1974 in
Hungary (Lenoczky 1974) and originally was associated
with one particular species only, namely the close relative,
Diplodia mutila (Bot. stevensii). Up to now, however, more
than 20 Botryosphaeriaceae species have been related to
grapevine trunk diseases (for instance, vaN NIEKERK et al.
2006), and therefore the name "Botryosphaeria dieback"
has been proposed recently (UrBEzZ-TORRES et al. 2012).
Essentially it is an open question if species of Botryos-
phaeria should be considered true pathogens, endophytes
or, most likely, as opportunistic organisms switching back
and forth between these two strategies (PHiLLIPs 2002).

Host plants: Apparently on numerous plant
species, both coniferous and deciduous (PHiLLIPS et al.
2013).

Geographic distribution: Apparently world-
wide (PHILLIPS ef al. 2013). The species is probably wide-
spread in Germany, but has been usually overlooked or ig-
nored until more recently. In contrast, it has been common-
ly isolated in France some 15 years ago already (LARIGNON
et al. 2001).

Transmission and occurrence on Vi-
tis: Pycnidia have been shown to develop on infected
wood or shoots (PuiLLips, 2002, BErTsCH ef al. 2013). Air-
borne conidia are formed by pycnidia and are spread with
or without rainfall (Kuntzmann ef al. 2009; vAN NIEKERK
et al. 2010). Invasion of host plants most likely is via prun-
ing wounds and/or wounds caused by other mechanical
damage.

Identification (Figure, f): For detailed culture
characteristics see PuiLrips (2002). On PDA, colonies are
fast growing under 25 °C conditions, covering a Petri dish
(9.5 cm) within one week; they are grayish brown to nearly
black, with a dense aerial mycelium. Reverse side is almost
getting black with ongoing time. No conidial structures are
formed on PDA.

ITS sequence based on primer pair
ITSS5-1TS4: GenBank accession KX037450. For mul-
ti-species primer pairs see Ribgway et al. (2011).

Notes: In our studies, Diplodia seriata was only
detected in older vines in the vineyard; no isolates were
obtained from nursery material or from grafting tools. In
a pathogenicity study based on mycelial plugs, D. seriata
was among the less pathogenic species, causing lesions
between appr. 18 and 32 mm long on lignified canes of
the cultivars Redglobe and Cabernet Sauvignon after four
weeks of incubation (UrBEZ-TORRES ef al. 2009). With the
data at hand it is still difficult to evaluate the exact patho-
genic potential of D. seriata in Germany; in our findings
the species always was in co-existence with other GTD
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related fungi such as Pch or Fmed and therefore should be
rather considered as an opportunist.

Eucasphaeria capensis Crous

Classification: Ascomycota, Sordariomycetes,
Hypocreales, Eucasphaeria.

Life strategy and symptoms: No particu-
lar symptoms are known to be related to E. capensis, possi-
bly due to the sparse information available on this fungus.
All isolates mentioned in the original description had been
derived from leaves or leaf litter of Fucalyptus trees and
their relative importance remains largely unknown (Crous
et al. 2007). Very recently (Azeem et al. 2015) the species
was isolated from Hylobius abietis ("Pine weevil") fec-
es and frass in Sweden. Volatile organic compounds are
thought to be produced by the fungal community associ-
ated with the feces, some of which are known to influence
the orientation of pine weevils.

Host plants: Essentially unknown; in the liter-
ature described from living leaves or leaf litter of Euca-
lyptus sp. (Crous et al. 2007), from feces and frass of the
beetle Hylobius abietis (in this way possibly indicating the
fungus” existence on conifers), and from leaves of the As-
teraceae genus Espeletia (MILES et al. 2012).

Geographic distribution: Possibly world-
wide; so far known from South Africa (Crous ef al. 2007),
Columbia, Canada and the Far East. One single European
finding has been published recently, from Sweden (Azeem
et al. 2015).

Transmission and occurrence on Vi-
tis: In the original description (Crous et al. 2007) sub-
epidermal ascomata and conidiomata had been observed
on infested leaves of Eucalyptus and both ascospores and
conidia will act as spreading agents in the field. In our stud-
ies we demonstrated E. capensis from a spore trap attached
to a tree of Prunus avium next to a vineyard, from waste
water and rootstock wood derived from a single nursery,
and in one case from the stemhead of a 20 year old trunk
of living vine.

Identification (Figure, g): On PDA, colonies
reach appr. 2 cm of diam. in one week. Appearance is
slightly variable in subcultures. Usually, cultures are with
sparse or without aerial mycelium; centre is ochraceous to
reddish, margin is thin, cream; reverse side is more or less
identical; older colonies are becoming increasingly dark
reddish.

ITS sequence based on primer pair
ITSS5-1ITS4: GenBank accession KX037451. No spe-
cies-specific primers are known.

Notes: Ourisolate from wood of rootstock was iso-
lated from a zone of dark discoloration typical for Esca
related pathogens; the possible pathogenic significance of
E. capensis however remained unknown in our studies.
Despite its distinct colors in culture conditions the fungus
has been completely overlooked in the past, but apparently
is more widespread both in vineyards and in nurseries. To
our knowledge our finding is the first in Central Europe
and the first worldwide from V. vinifera.

Leucostoma persoonii (Nitschke) Hohn.

Classification: Ascomycota, Sordariomycetes,
Diaporthales, Leucostoma.

Life strategy and symptoms: The spe-
cies causes the so-called Leucostoma canker on a variety
of stone fruit trees, which is considered as one of the most
serious stone fruit diseases worldwide (Ogawa 1991). Dif-
ferent wooden parts of the trees might be affected, such
as twigs, branches or trunks. Symptoms include discolora-
tion, necrosis, and, with ongoing time, gummosis, i.e. am-
ber gum ooze is apparent on infected sites.

Host plants: Most prominent on Prunus spp.
and Malus spp.; besides occurring on numerous deciduous
trees.

Geographic distribution: Probably world-
wide. Very few reports exist for Germany, all of them in
the eastern part.

Transmission and occurrence on Vi-
tis: The fungus infects through injured, dying or dead
tissues of the tree (Tekauz and Patrick 1974). Conidia will
be released from pycnidia especially during cooler and
moist weather periods and will be spread by wind or water
(BERTRAND and ENGLisH 1976). After infection, the result-
ing mycelium is able to actively invading healthy tissue.
The role of ascospores in the disease cycle is unknown.
With our data, the possible occurrence on Vitis remains un-
certain.

Identification (Figure, h): On PDA, colonies
are fast growing under 25 °C conditions, covering a Petri
dish (9.5 cm) within one week. They are grayish, with a
greenish touch especially on the reverse side; centre al-
ways is slightly darker. Aerial mycelium is well developed,
dense and flat. No conidial structures are formed on PDA
after 14 d.

ITS sequence based on primer pair
ITSS5-1TS4: GenBank accession KX037452. No spe-
cies-specific primers are known.

Notes: Overall life strategy as well as pattern of
host invasion of L. persoonii are strikingly similar to those
observed in GTD related fungi (BERTRAND and ENGLISH
1976). Production of the amber-colored gum corresponds
with the phenomenon of gummosis which is so common in
vines affected by GTD. Leucostoma canker is very difficult
to control, with no biological and chemical management
approach known to be truly effective (Ocawa 1991, BiGGs
and Grove 2005). With pruning, it is recommended to be
performed during warmer and dry periods of weather, in
this way adjusted to the pathogen's biology. Our sole iso-
late of L. persoonii has been derived from a spore trap at-
tached to a peach tree situated within vineyards.

Neofusicoccum luteum (Pennycook & Samuels) Crous,
Slippers & A.J.L. Phillips

Classification: Ascomycota,
Botrysphaeriales, Neofusicoccum.

Life strategy and symptoms: While the
species (as Botryosphaeria lutea) was repeatedly reported
as pathogen in grapevine, both incidence and related symp-

Dothideomycetes,
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toms seem to differ between countries (VAN NIEKERK et al.
2006, UrBEZ-TORRES 2011). AMPONsAH ef al. (2011) report
N. luteum to colonize both green shoots and trunks of
grapevine; apparently the host’s physiological state affects
the expression of symptoms on the plant. Neofusicoccum
luteum has also been reported from olives (Olea europea)
in Australia, causing fruit rot and leaf necrosis (SERGEEVA
et al. 2009). The species may also occur as endophyte or
saprobe, mainly on woody hosts.

Host plants: On numerous deciduous and co-
niferous plants (PHiLLips ef al. 2013). Among cultivated
plants, Actinidia, Malus, Olea, Pyrus and Vitis are the ones
most cited.

Geographic distribution: Probably world-
wide (PHiLLIPs ef al. 2013).

Transmission and occurrence on Vi-
tis: Conidial concentration was found to be a crucial
factor in developing of symptoms on artificially infected
green shoots (AMPONSAH ef al. 2014). Any wounds, includ-
ing pruning wounds, are susceptible to infection by air or
waterborne conidia, produced by more or less globose py-
cnidia. In the field, pycnidia together with the ascomata
are frequently formed on the same stromata (PHILLIPS et al.
2013). Susceptibility of pruning wounds against species of
Botryosphaeria was found to vary depending on the age of
the pruning wound and the time of pruning (SERRA et al.
2008, Ursez-Torres and GusLer 2011) and in general
might be related to the geographic region, rainfall etc. In
our studies, N. luteum was a comparatively rare species; it
was isolated from different parts (trunk, grafting union) of
vines older than 10 years.

Identification (Figure, i): See PuiLLips (2002)
for a detailed description. Our colonies on PDA medium
were fast growing, covering a 9.5 cm Petri dish within
4-6 d; colonies produce a slightly yellowish pigment vis-
ible in the agar next to the margin. Mycelium is grayish
when young, gradually darkening to dark grey or nearly
black with age; surface is becoming increasingly wooly.
No pycnidia are formed on PDA.

ITS sequence based on primer pair
ITSS5-1ITS4: GenBank accession KX037453. No spe-
cies-specific primers are known.

Notes: Currently 22 species are recognized for Neo-
fusicoccum, based both on morphological and molecular
characters (PHiLLIPS ef al. 2013). The anamorphic Neofi-
sicoccum luteum is linked with the well known teleomorph,
Botryosphaeria lutea, the morphological and cultural char-
acters of which have been discussed in detail by PHiLLIPS
(2002). The pathogenic significance of Botryosphaeria
species has been a matter of intensive discussion over the
years; in general, related symptoms in the vineyard are
only slowly developing, with the severity increasing with
age of the vines (LAriGNON and Dusos 2001).

Phaeoacremonium fraxinopennsylvanicum (T.E. Hinds)
D. Gramaje, L. Mostert & Crous

Classification: Ascomycota, Sordariomycetes,
Diaporthales, Phacoacremonium.

Life strategy and symptoms: See
MosTERT et al. (2006) and GRAMAJE et al. (2015) for de-
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tailed information. Phaeoacremonium fraxinopennsylvan-
icum (as P. mortoniae Crous & W. Gams) was found to
be related to the typical Esca symptoms of grapevine in
California; besides, on ash trees (Fraxinus latifolia) sur-
rounding the vineyards the species was detected on declin-
ing parts of the host (ESkALEN et al. 2005b). It remains an
open question if the species should be considered a serious
pathogen on non-Vitis hosts. Symptoms in the wood of
grapevine comprise bws and/or gummosis.

Host plants: Actinidia, Fraxinus, Malus, Prunus,
Pyrus, Quercus, Vitis.

Geographic distribution: Europe (Croatia,
Germany, Hungary, Italy, Spain, Sweden), Iran, South Af-
rica, Canada, USA; probably worldwide.

Transmission and occurrence on Vi-
tis: As stated by MosTERT et al. (2006), aerial infection
will come from the production of anamorphic and teleo-
morphic structures developed on the surface of grapevine
trunks, cordons etc., with the relation between conidia and
ascospores fully unknown however. As an indication of a
heterothallic life cycle, perithecia of P. fraxinopennsylvan-
icum, P. aleophilum (teleomorhic association with Tognin-
ia minima first demonstrated by MosTERT et al. 2003) and
P, viticola were observed on grapevines in the field (Roon-
EY-LATHAM ef al. 2005, EsKALEN et al. 2005 a, b). Anamor-
phic structures can be isolated out of infected parts of the
wood. In our studies, P. fraxinopennsylvanicum was isolat-
ed once, from a trunk of an approx. 20 years old V. vinifera
'Phoenix’.

Identification (Figure,j): Colonies of P. fraxino-
pennsylvanicum are characterized by a slightly yellowish
color developed after several days on PDA medium; in the
centre they are slightly felty; outer parts are flat, with en-
tire margin. Reverse side is grayish yellow. Growth is slow
under 25 °C conditions, with app. 2.5 cm in two weeks.

ITS sequence based on primer pair
ITSS5-1TS4: GenBank accession KX037455. No spe-
cies-specific primers are known.

Notes: This is the first report of P. fraxinopennsyl-
vanicum in Central Europe. To our surprise, we have found
a total of three species of Phaeoacremonium, i.e. P. aleo-
philum, P. viticola and P. fraxinopennsylvanicum, in one
single vineyard appr. 20 years old; rate of Esca related
symptoms on the leaves was > 5 % in the year of isolation
(2014). Still, with the background of sampling hundreds of
vines in different parts of Germany throughout the years
we consider P. fraxinopennsylvanicum as certainly rare in
German vineyards. In a pathogenicity study based on nine
Phaeoacremonium spp., P. fraxinopennsylvanicum was
one of two causing a significant root weight reduction af-
ter five months of incubation (Aroca and Raroso 2009).
Phylogenetically the species seems next related to a south-
ern-hemisphere species, P. novae-zealandiae (MOSTERT
et al. 20006).

Phaeoacremonium viticola J. Dupont

Classification: Ascomycota, Sordariomycetes,
Diaporthales, Phacoacremonium.

Life strategy and symptoms: Foracom-
prehensive overview see MOSTERT et al. (2006) and Gra-
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MAJE et al. (2015). In general, species of Phaeoacremoni-
um are commonly found in woody plants showing brown
wood streaking (due to plugging and discoloration of ves-
sels) and/or gummosis. In young grapevine, P. viticola in
low frequency together with the more common P. aleophi-
lum and Phaeomoniella chlamydospora is associated with
Petri Disease causing stunted growth and dieback (DuponT
et al. 2000).

Host plants: Actinidia, Prunus, Pyrus, Sorbus,
Vitis vinifera.

Geographic distribution: Europe (France,
Germany, Italy, Spain), Iran, South Africa, USA; probably
worldwide. For Germany, the only report is from a tree of
Sorbus intermedia (coll. K. Weise, Feb. 1995); unfortunate-
ly, no further information about this finding is available.
A mycelial culture has been deposited at the CBS culture
collection (www.cbs.knaw.nl) though and was included in
MOosSTERT et al. (2006), under the designation CBS 428.95.

Transmission and occurrence on Vi-
tis: Phaeoacremonium viticola is a heterothallic spe-
cies, and in fertile crossings perithecia were formed af-
ter 12 weeks under laboratory conditions (MOSTERT et al.
2006). Mycelia isolated out of infected wood will produce
abundant conidia after few days of incubation on artificial
medium. The main source of infection in the field is essen-
tially unknown, and it may be both anamorphic and teleo-
morphic structures. The respective conidia and ascospores
will be transported by air, water etc., and may be obtained
from spore traps attached to the vines in the field. As with
related species of Phaeoacremonium, injured parts of the
wood, mostly pruning wounds, will act as main entrance
of the fungus. In our studies, P, viticola was revealed once,
from the stemhead of an old vine showing typical Esca
symptoms.

Identification (Figure, k): Several species of
Phaeoacremonium, i.e. P. viticola, P. angustius, P. rubrige-
num or P. alvesii show a reddish discoloration on PDA; the
former species, however, is distinguished by a maximum
growth temperature of 35 °C, while it is lower or, mostly,
higher in the other species (MOsTERT et al. 2006). On PDA,
the colony of our specimen was mostly flat, with a wooly
centre turning reddish after prolonged incubation. Reverse
side was turning reddish brown after 8 d, becoming slightly
violet over time. A considerable cultural variation among
different isolates has been noted by MosTERT et al. (2006).

ITS sequence based on primer pair
ITSS5-ITS4: GenBank accession KX094557. Spe-
cies-specific primers for the partial B-tubulin gene have
been developed by Aroca and Raroso (2007).

Notes: After twenty years of intensive study four-
ty-six Phaeoacremonium species are presently recognized
(Crous et al. 1996, GRaMAIE et al. 2015). The very low
number of Phaeoacremonium species so far detected in
Germany might be due to incomplete sampling and/or
false identification among con-generic taxa; however, sim-
ilar results, even though based on young vines only, have
been obtained for Switzerland (Casieri et al. 2009). Even
the most common species, i.e. P. aleophilum, is quite rarely
found in infected wood of older vines, with a percentage
of <5 % among a sample of approx. 500 trunks including
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different cultivars, age and localities (FiscHER, unpubl. re-
sults). The pathogenic significance of P, viticola might be
comparable to P. aleophilum.

Phomopsis cotoneastri Punith.

Classification: Ascomycota, Sordariomycetes,
Diaporthales, Phomopsis.

Life strategy and symptoms: Only re-
cently, the species has been acknowledged as a true patho-
gen, causing trunk cankers and death of young apple trees
(ABREO et al. 2012). There is some evidence, though based
on unidentified Phomopsis spp. that it might also be in-
volved in cankers on peach, plum and Asian pear (UbppIN
et al. 1998). As with other species of Phomopsis, the spe-
cies also might occur as an endophyte in green shoots.

Host plants: Reported from several deciduous
plants, such as Cotoneaster, Malus or Sorbus.

Geographic distribution: Documented for
Europe and South America, probably widespread. Our
finding represents the first report for Germany.

Transmission and occurrence on Vi-
tis: As a genus specific character P. cotoneastri forms
two types of conidia both in the field and under laboratory
conditions (ABREO et al. 2012). The so-called a-conidia are
thought to be responsible for infection processes, and are
formed under sufficiently moist conditions in pycnidia de-
veloped on the bark of shoots. Infections occur under cool-
er and more humid conditions, with the conidia spread by
wind or water. In our studies, P. cotoneastri was revealed
from the wood of rootstock material in the nursery, where
it was associated with the typical GTD related symptoms,
i.e. gummosis and bws.

Identification (Figure, 1): See ABREO et al.
(2012) for a detailed description of mycelial cultures. Ap-
parently two mycelial morphotypes exist within the spe-
cies, with our isolate belonging to the so-called type II. On
PDA, this type is characterized by a white to gray myceli-
al mat; colony diam. was appr. 3 cm after 14 d. Scattered
pycnidia are formed after several weeks, producing both
a- and B-conidia.

ITS sequence based on primer pair
ITSS5-1TS4: GenBank accession KX037454. No spe-
cies-specific primers are known.

Notes: A pathogenicity assessment of strains of
P. cotoneastri has been performed by ABRrEO et al. (2012).
In this test, lesions of different length were produced on
twigs of apple trees, in this way confirming the pathogen-
ic potential of the species. Our finding represents the first
report of the species in Germany, and the first report on
grapevine worldwide. Probably the species is far more
widespread, but has been misidentified and/or confused
with the much better known P, viticola.

Discussion

Selection of species: Atotal of over 50 fun-
gal species has been identified in a three-year-survey based
on nursery material, vineyards and neighboring fruit trees
in the southern Palatinate area of Germany. In the present
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study a selection of 13 species is covered, all of them in
some relation to wood diseases and not commonly reported
in the literature. No extra information is provided on the
well known Eutypa lata, Phomopsis viticola, Phaeomo-
niella chlamydospora, or Fomitiporia mediterranea, all of
which frequently isolated during our survey.

Numerous "first reports": After consult-
ing the specific references and data banks (Fungal databas-
es at nt.ars-grin.gov, www.mycobank.org, etc.) we realize
that eight of the above species are reported for the first
time in Germany. With respect to host range, Eucasphaeria
capensis and Phomopsis cotoneastri on a worldwide basis
have not been reported from Vitis before. The following
issues may contribute to these remarkable findings: i) our
studies have been performed over a prolonged period of
three years, including different locations, seasons and en-
vironmental conditions; ii) samples have been taken from
widely diverse substrata, including air samples from spore
traps (Table); iii) isolates of our fungi in fact have been ob-
tained in former studies elsewhere, but were not carefully
checked or even discarded. With this background we are
quite convinced that additional taxa will be uncovered in
future studies.

Species of pathogenic significance:
With reference to the available literature we consider the
following taxa as possibly relevant pathogens of grape-
vine: Botryosphaeria dothidea, Cadophora luteo-oliva-
cea, Diplodia seriata, Neofusicoccum Iluteum, Phaeoacr-
emonium viticola and P. fraxinopennsylvannicum. Among
these, the commonly isolated and obviously widespread
C. luteo-olivacea deserves particular interest. The species
occurred both in the nursery (isolated from wood of plant
material, tools, callusing media; Table) and in the vineyard,
and consistently was related with the symptoms typical for
GTDs. As for P, viticola and P. fraxinopennsylvanicum fur-
ther testing both in different vineyards and localities will
be necessary to evaluate their exact pathogenic impact on
German viticulture.

Beyond doubt Leucostoma persoonii may act as an im-
portant pathogen on trees of Prunus (cherry, peach, plum,
etc.), but to which degree - if at all - it "jumps" to other host
plants such as Vitis remains an open question. At any rate,
close spatial vicinity in the field might favor such trans-
fers between host plants, as has been demonstrated for the
Esca-related basidiomycete, Fomitiporia mediterranea, in
different parts of Europe (FiscHEr 2002, b1 MArco et al.
2004).

Airborne inoculum: We tried to assess the
occurrence and diversity of airborne inocula, i.e. spores or
conidia, by taking air samples based on spore traps placed
both in the vineyards and its vicinity. Two species, Col-
lophora paarla and Leucostoma persoonii, were solely
demonstrated by cultures derived from spore traps attached
to Prunus trees situated next to vineyards (Table). Other
species demonstrated by air sampling include the common
Aureobasidion pullulans, the rare Eucasphaeria capensis,
and all the significant Esca pathogens, i.e. Phaeomoniella
chlamydospora, Phaeoacremonium aleophilum and Fo-
mitiporia mediterranea (the latter not specifically treated
in the present manuscript). This clearly demonstrates the
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use of spore traps with respect to a more accurate evalu-
ation of potential inoculum, both in space and over time
(among others, see LArRIGNON and DuBos 2000, vaN NIEK-
ERK et al. 2011).

Conclusion

Based on a limited geographic area we have been
able to come up with a considerable number of "first re-
ports" with respect to geographic region and host plant.
We consider the success of the present study to be related
to the particular sampling approach which was used over
a prolonged period of time, covering a variety of agricul-
tural background as well as different climate conditions
throughout the year. Besides, a broad spectrum of meas-
ures has been used in order to collect and identify fungal
organisms. As a future prospect, further studies are under
way, for example with emphasis on species of Cadophora
and their putative significance for German viticulture.
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