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Abstract

To determine the occurrence and distribution of prevalent viruses in commercially important vineyards, a survey was carried
out in all thirteen wine-growing regions in Germany. Results reveal that the recently emerged Grapevine pinot gris virus
(GPGV) was the most abundant virus with a percentage of 18% prevalence, followed by 13% Grapevine fleck virus (GFkV),
9% Grapevine leafroll-associated virus 1 (GLRaV-1), 4% Grapevine fanleaf virus (GFLV), 2% Raspberry ringspot virus
(RpRSV), 2% Arabis mosaic virus (ArtMV) and 2% Grapevine leafroll-associated virus 3 (GLRaV-3). Distribution of some
viruses varies greatly between individual regions, thus regional hotspots or gradients were detected. GPGV for example is
mostly found in southeastern Germany, while its incidence decreases to the north along the river Rhine. The findings of this
survey provide an overview of the allocation of the most prevalent grapevine viruses in Germany and can support regional

virus management and national risk assessment especially GPGV.
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Introduction

Grapevine is an important crop in Germany, particularly in
the southwest, where it shapes the agricultural landscape
and has a major impact on the tourism industry. At the same
time, it is the perennial crop with the most adapted patho-
gens, 86 of which are viruses (Fuchs 2020). In order to sup-
port wine production and enable sustainable viticulture, the
Wine Growing Ordinance (WGO) was introduced in Ger-
many in 1986 (FAO 2022; BmZ 1986). It contains clear
regulations about the production of pathogen-free planting
material and is supplemented and adapted according to the
current state of research. To date, the WGO regulates five
viruses for propagation material, namely the Nepoviruses
Arabis mosaic virus (ArMV) and Grapevine fanleaf virus
(GFLV), the Ampeloviruses Grapevine leafroll-associated
virus 1 (GLRaV-1) and Grapevine leafroll-associated
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virus 3 (GLRaV-3), and the Macularvirus Grapevine fleck
virus (GFkV) which must exclusively be tested in rootstock
material. While ArMV and GFLV are transmitted relatively
slowly via two nematodes Xiphinema index and Xiphinema
diversicaudatum, GLRaV-1 and -3 can be rapidly spread
by various mealybug and soft scale insects (Jha et al. 1961;
Raski et al. 1983; Martelli and Boudon-Padieu Martelli
Boudon-Padieu 2006). All four viruses are known to cause
severe yield losses and biological damage on grapevine
(Fuchs 2020). GFkV, on the other hand, does not cause any
symptoms itself. It rather intensifies symptoms of other
viruses in case of a co-infection (Spring et al. 2012). In
addition, no vector of GFkV is known so far, although natu-
ral spread in the vineyard has been reported (Martelli and
Boudon-Padieu 2006).

The Nepovirus Raspberry ringspot virus (RpRSV) is not
regulated within the WGO in Germany, but in other coun-
tries such as Slovenia, plant material must be mandatorily
tested for the virus (Miljani¢ et al. 2022). RpRSV causes
severe symptoms of the grapevine fanleaf disease, espe-
cially in co-infections with ArMV and GFLV (Bercks 1968).
Besides grapevine, RpRSV infects berry crops and orna-
mental plants. It can potentially be transmitted by the three
nematodes Paralongidorus maximus, Longidorus elongatus
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and Longidorus macrosoma, depending on host plant and
virus strain (Wetzel et al. 2006).

In addition to the above-mentioned viruses, which have
been known for a long time, new viruses have emerged in
recent years, such as the Trichovirus Grapevine pinot gris
virus (GPGV), posing possible threats to viticulture. After
its characterization in 2012 in Italy, it was found in over 30
countries around the world in many different grapevine cul-
tivars (Giampetruzzi et al. 2012; Reynard et al. 2016; Abou
Kubaa et al. 2020; Debat et al. 2020; Abe and Nabeshima
2021). GPGV is associated with the grapevine leaf mot-
tling and deformation (GLMD) disease which is marked
by stunted shoots, chlorotic and deformed leaves and yield
losses (Saldarelli et al. 2014). However, because the virus is
frequently present in non-symptomatic plants, the correla-
tion between GPGV and GLMD is questioned (Morén et al.
2018). The monophagous erineum mite Colomerus vitis was
able to transmit GPGV under controlled conditions and in
semi-field studies and is currently the only known vector
(Malagnini et al. 2016). Nevertheless, GPGV was found in
several herbaceous plants suggesting at least one additional
vector (Gualandri et al. 2017). The extent to which GPGV is
a threat to viticulture is currently still being assessed.

A recent publication presented data about the presence
of grapevine viruses in propagation material from Baden-
Wuerttemberg, a southern region of German viticulture,
between the years 2009-2020 (Messmer et al. 2021). It
revealed that virus incidences were significantly less pre-
sent in pre-basic and basic planting material tested every
5-6 years than in certified material tested for viruses only
every 10 years. The conclusion was the longer the official
test periods were apart, the more the virus tended to be

introduced into a propagation plot. Additionally, the study
showed that GPGV was the most abundant virus in samples
from 2018. The focus of this work was therefore placed on
virus occurrence and distribution of commercially cultivated
vineyards in all thirteen wine-growing regions in Germany.
Therefore, all five regulated viruses ArMV, GFLV, GLRaV-
1, GLRaV-3 and GFkV as well as the unregulated viruses
RpRSV and GPGV were monitored. To our knowledge, this
is the most comprehensive study regarding grapevine viruses
in Germany. The results give an overview about the present
infestation status and provide information about the local
distribution of viruses in the German wine-growing areas.
Since this is the first nation-wide survey including the new
emerged Grapevine pinot gris virus, the data presented can
help to assess the risk potential of this widespread virus.

Materials and methods

The virus survey was conducted over three consecutive years
from 2019 to 2021 in different wine-growing regions of Ger-
many. Samples were collected during spring from April to
June. Due to the early stage of development of the plants, no
virus symptoms were visible during sampling.

Vineyard selection

There are 13 wine-growing regions in Germany, which differ
in terms of cultivation area and variety selection. All regions
were included in the virus monitoring of this study (Fig. 1).

Region Variety 1 # Variety 2 # Variety 3 # Total
Eastern regions
Mueller B . .
1 Saxony 60 Riesling 60 Pinot noir 40 160
Thurgau
2 Saale-Unstrut Rty 100 Pinot blanc 60 Domnfelder 50 210
Thurgau
Northwestern regions
@ 3 Abr Mueller 40 Pinotnoir 40 Pinotgris 50 130
Thurgau
4 Mosel Riesling 240 el 180 Dornfelder 220 640
Thurgau
2 5 Middle-Rhine Riesling 90 Mueller 110 Dornfelder 60 260
-~ Thurgau
3 5 % 6 Rheingau Pinot noir 70 Riesling 70 Pinot gris 70 210
a N 1\ 7 Nahe Riesling 40 Mueller =, Domfelder 40 120
4 Thurgau
10 8 Rhine-Hesse Riesling 130 Dornfelder 130 Pinot gris 92 350
L 9 Palatinate Riesling 100 Dornfelder 90 Mucller 80 270
7 8 11 @ Thurgau
10 Hessische Bergstrasse Riesling 30 Pinot noir 60 Pinot gris 50 140
9 Va Southwestern regions
® 11 Franconia Riesling 150 Pinotnoir 110 Mueller 120 380
8 Thurgau
12 13 12 Baden Pinotnoir 370 Mueller 340 Pinot gris 360 1070
\%A Thurgau
@ 13 Wuerttemberg Trollinger 150 Riesling 270 Lemberger 260 680

Fig. 1 Variety selection for virus monitoring in all 13 German wine-
growing regions. The three varieties with the greatest viticultural rel-
evance of each region are listed with the respective number of plants
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The selected vineyards are exclusively used for wine pro-
duction by full-time or part-time wine growers as well as
state or foundation wineries. In order to obtain the most
meaningful results for virus distribution in German viticul-
ture, the three most relevant varieties of each region were
used for monitoring. The number of samples was deter-
mined by the size of the regions and the willingness of the
winegrowers to participate in the survey. The areas were
randomly selected either by the authors themselves or by
employees of the local vineyard registers. However, during
selection, the widest possible range of plant age and spatial
distribution was aimed for.

In most regions, Pinot noir and Dornfelder were sampled
as red wine varieties, and Riesling, Mueller-Thurgau, and
Pinot gris as white wine varieties. The white variety Pinot
blanc, on the other hand, was only tested in Saale-Unstrut. In
Wauerttemberg, regional varieties have a higher significance.
Most frequently cultivated here are the two red wine varie-
ties Lemberger and Trollinger.

Since Baden was one of the first regions to be sampled
and the distances from the State Institute of Viticulture
and Enology in Freiburg were much shorter than to other
regions, most samples were collected from there.

Plant material and sampling

As previous internal experiments have shown that shoots
younger than the phenological stage 16 (according to the
BBCH scheme) give the best results concerning quality
and clarity of double-antibody sandwich enzyme-linked
immunosorbent assay (DAS-ELISA) signals for detection
of viruses, sampling was carried out in spring (results not
shown). Therefore, freshly emerged shoots between BBCH
stages 10—16 were collected. Regardless of vineyard size, ten
individual vines were randomly selected for sampling, with
three shoots taken from each vine near the trunk. These were
collected directly into labeled ELISA sample bags (Bioreba
AG, Reinach, Switzerland). Two shoots were intended for
DAS-ELISA, and the third shoot served as material for
GPGYV isolate analysis by reverse transcription polymer-
ase chain reaction (RT-PCR). The filled sample bags were
immediately transferred to a cold box and stored for a maxi-
mum of 2 days. Samples were sorted and either processed
immediately or stored at 4 °C until the following day. All
samples were processed within 3 days of collection. Shoots
for isolate analysis were retained at —20 °C until further
processing for RT-PCR.

DAS-ELISA

All virus tests were performed with DAS-ELISA as
described previously by Messmer et al. (2021). Assays were
done utilizing the equipment and reagents of Bioreba AG.

Briefly, approximately, 9 ml of a 1:10 (w/v) customized
“Grapevine” extraction buffer was added to each sample and
homogenized with a semi-automated bead grinder (HOMEX
5). Each sample was tested for ArMV, GFLV, GLRaV-1,
GLRaV-3, GFkV, GPGV and RpRSV following the proto-
cols provided by the manufacturer. Positive and negative
controls originate from the virus collection of the State Insti-
tute of Viticulture and Enology in Freiburg, Germany. Pho-
tometric evaluations of ELISA plates were conducted after
30 and 60 min, utilizing an Infinite F50 reader and Magel-
lan™ software (Tecan Trading AG, Maennedorf, Switzer-
land). Samples were counted positive if the absorbance value
was twice the value of the negative control. To prevent false
results, each sample was retested with one replicate. In the
case of inconclusive results, samples were retested.

Determination of GPGV isolates

A selection of GPGV-infected grapevines was analyzed in
more detail to determine the underlying GPGV isolates.
Samples were selected to cover all German wine-growing
regions and to represent plants from different varieties and
of different ages (suppl. Table 2).

Chosen samples were individually ground in liquid nitro-
gen to a fine powder. Total RNA was extracted from 80 to
100 mg of plant material by using the Universal RNA Kit
(RoboKlon GmbH, Berlin, Germany) following the manu-
facturer’s instructions. Purified RNA was transcribed into
cDNA using Moloney Murine Leukemia Virus reverse tran-
scriptase (M-MLV RT; Lucigen, Middleton, WI, USA) and
oligo(dT) as primer as recommended by the manufacturer.
GPGYV specific PCR was performed using primers designed
by Saldarelli et al. (2014) (DetF 5-TGGTCTGCAGCCAGG
GGACA-3"; DetR 5'-TCACGACCGGCAGGGAAGGA-3).
1 pl of cDNA served as template for the amplification by 1
U proofreading S7 fusion polymerase (Mobydiag, Espoo,
Finland) in a final volume of 50 ul. Thus, a 588 bp ampli-
con representing a partial sequence of the movement (MP)
and the coat protein (CP) of GPGV was obtained. The fol-
lowing PCR parameters were chosen: initial denaturation
at 95 °C for 3 min, followed by 35 cycles of 30 s at 95 °C,
30 s at 60 °C and 40 s at 72 C and a final elongation step
for 5 min at 72 °C. PCR success was verified by loading
5 ul of the reaction mix on an 1% (w/v) agarose gel. The
remaining PCR reaction was directly purified using the
NucleoSpin® Gel and PCR Clean-up Kit (Macherey—Nagel
GmbH & Co KG, Dueren, Germany). The quality of the
purified product was measured photometrically using a Nan-
oDrop™ One (Thermo Fisher Scientific Inc, Waltham, MA,
USA). Only samples with A260/A230 and A260/A280 ratios
between 2.0-2.2 and ~ 1.8, respectively, were sent for Sanger
sequencing to Microsynth SeqLab (Goettingen, Germany).
PCR products from Rheingau and Hessische Bergstrasse
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did not pass this quality test and were discarded. Samples
from 2019 were additionally cloned into pMiniT 2.0 plas-
mids and transformed into 10-beta competent E. coli using
the NEB® PCR Cloning Kit (New England Biolabs Inc.,
Ipswich, MA, USA) to study mixed infections with differ-
ent isolates. Plasmids of 5-10 single colonies were purified
and sent for sequencing. Since none of the samples showed
mixed infection with different isolates, this step was skipped
for most samples collected in 2020 and 2021.

Phylogenetic analysis

GPGV isolates are currently assigned into three clades—A,
B and C (Saldarelli et al. 2014; Bertazzon et al. 2017). In
order to determine the genetic diversity of GPGV in Ger-
many, sequences obtained from monitoring samples were
analyzed in more detail. Therefore, sequences were assem-
bled to single contigs using Clone Manager 9, Professional
Edition software (Sci Ed Software LLC, Westminster, CO,
USA). Constructed contigs were then aligned with reference
genomes using the ClustalW algorithm of MEGA X Version
10.1.8 (Kumar et al. 2018). Reference genomes with the
following GenBank accession numbers were selected from
NCBI for clade A: LN606703.1 (MOLA 6), KU845348.1
(PIA-G44), MH019203.1 (RQ25), MH019204.1 (RQ30),
543,887,400 (SK30), KF134125.1 (SK13) and KX522755.1
(Riesling 25-3); for clade B: KU845367.1 (ORM-G40) and
LN606705.1 (MOLA 14); for clade C: KU845372.1 (SUS-
G49); LN606739.1 (ALA-P4) and FR877530.2 (ZA505-
1A). Since the monitoring samples lack information on
symptom expression, three further internal isolates were
added, which were isolated from highly symptomatic plants
from Baden and Wuerttemberg in 2018. Afterward, a phylo-
genetic tree was constructed following the maximum likeli-
hood method and Tamura-3 parameter model and a bootstrap
of 2,000.

Alternative GPGV host screening

To identify alternative host plants of GPGV, samples were
taken from the accompanying flora in a selection of vine-
yards. Typical plants of the sub-vegetation in vineyards, but
also fruit trees and shrubs in adjacent marginal areas, were
sampled. The collection was done simultaneously with the
sampling of grapevine material. Plant material was trans-
ferred to a cooling bag directly after sampling, brought to
laboratory and stored at —20 °C until further processing. For
homogenization, each sample was individually ground to a
fine powder using liquid nitrogen, pestle, and mortar. Total
RNA was extracted using the Universal RNA Kit (RoboK-
lon GmbH, Berlin, Germany). M-MLV reverse transcriptase
(Lucigen, Middleton, WI, USA) and oligo(dT)s were used
for cDNA synthesis. This was followed by PCR with Det or
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CP-2 primer pairs (Saldarelli et al. 2014; Bertazzon et al.
2016) with the same settings as described in 2.4. To check
whether the RNA extraction and cDNA from the potential
alternative host plants have worked, an additional PCR was
conducted using primers amplifying the mitochondrial
NADH dehydrogenase subunit 5 of plants (Nad5-F 5'-GAT
GCTTCTTGGGGCTTCTTGTT-3’; Nad5-R 5'-CTCCAG
TCACCAACATTGGCATAA-3") (Kato et al. 1995). The
following PCR settings were chosen: initial denaturation at
95 °C for 3 min, followed by 35 cycles of 30 s at 95 °C, 30 s
at 50 °C and 30 s at 72 °C. A final elongation step at 72 °C
for 1 min was performed. Amplicons were loaded on a 1%
(w/v) agarose gel to verify the PCR success.

Statistics

Data were analyzed with the statistical software R (Version
1.2.5001, Boston, MA, USA). Chi-square tests with sub-
sequent pairwise McNemar tests were used for analyses of
hypotheses based on nominal data. The Cochran’s Q test was
utilized for hypotheses based on dichotomous variables and
multiple categories with paired responses. For all statistical
tests, an alpha level of 0.05 was chosen.

Results

Between 2019 and 2021, 462 vineyards were tested as part
of the present study, resulting in a total number of 4,620
individual samples. In order to obtain a high informative
value about the virus distribution in German vineyards, the
three most frequently cultivated varieties were monitored in
each region (Fig. 1).

Frequency of viruses found in Germany

DAS-ELISA analysis revealed that 44% of the randomly col-
lected samples showed an infection with one of the tested
viruses (Fig. 2). GPGV was the most frequent virus in the
monitoring, accounting for 18% prevalence. It is followed
by GFkV with 13% and GLRaV-1 with 9%. In the case
of GLRaV-1, it must be mentioned that the grape variety
Lemberger has been excluded from the graph. Lemberger
is obligatorily infected with leafroll-associated virus 1 and
would lead to a biased result of 14% (Staudt et al. 1994).
GFLV could be detected in 4% of the tested vines, RpRSYV,
ArMV and GLRaV-3 each in 2% of the samples. RpRSV
was tested first within the second year of the survey. It was
not tested in samples from Baden and Wuerttemberg.
Further analysis showed that nearly 80% of all virus infec-
tions in this monitoring were due to single infections (suppl.
Table 1). Two viruses were detected in 18% of infected
plants and three viruses in 2%. Quadruple and quintuple
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No Virus
56%

b
GLRaV-1*
9%
C
GFLV
4%

¢ 2%
AMV
c 2%

GLRaV-3

2%

Fig.2 Frequency of viruses in German vineyards. Results of 4,620
tested grapevines all over Germany. Each sample was tested for the
following viruses: Grapevine pinot gris virus (GPGV), Grapevine
fleck virus (GFkV), Grapevine leafroll-associated virus 1 (GLRaV-
1), Grapevine fanleaf virus (GFLV), Raspberry ringspot virus
(RpRSV), Arabis mosaic virus (AtMV) and Grapevine leafroll-
associated virus 3 (GLRaV-3). According to a Cochran’s Q test, dis-
similar letters indicate significant differences between viruses (Q (5,
N=4620)=1467.289, p<0.001). RpRSV was not included to statisti-
cal analysis, because it was not tested in all regions. Mixed infections
were not considered. *Refers to a survey population excluding the
grapevine variety Lemberger. **Refers to a survey population exclud-
ing the regions Baden and Wuerttemberg

infections were found in only one vine each. No particular
association between viruses was found in mixed infections.
GFkV, although the second most prevalent virus in this sur-
vey, was found in the majority of vineyards (43.5%), directly
followed by GPGV and GLRaV-1, each found in around 30%
of the tested plots (Table 1). However, GPGV clearly has the
highest percentage of vineyards where all samples tested
positive (27.5%). GFkV and GLRaV-1 only infected all col-
lected samples in 5.0% and 6.9% of the vineyards, respec-
tively. GFLV was found in 15.4% of the vineyards, ArMV
and RpRSYV in around 11%, and GLRaV-3 was found in only
8.2% of the analyzed vineyards. None of those viruses was
found in all samples collected in one vineyard.

Virus prevalence in vineyards of different ages

The oldest vineyard sampled was planted in 1944, while the
youngest ones were planted in 2020. Samples were catego-
rized into five groups: 1944-1980, 1981-1990, 1991-2000,
2001-2010 and 2011-2020 (Table 2).

GPGYV was the only virus showing significantly more
infections in the youngest vineyards than in the older ones.
In the category with the oldest vines planted between 1944
and 1980, 9.7% of the plants show GPGV infections. In
vines planted between 2011 and 2020, the percentage of
GPGYV positive plants increased to 28.2%. The incidences
of GFkV, GLRaV-3 and RpRSV remain relatively constant
between the categories. GFkV shows the highest incidences
with values of 10% to 17% depending on the category. The
incidences of GLRaV-3 and RpRSV were between 0 and
3%. GLRaV-1, GFLV and ArMYV incidences, on the other
hand, decrease between the categories from older to younger
plants. While GLRaV-1 is found in 16.7% of the samples in
the oldest plots, it is found in only 6.5% of the samples in
the youngest group. The frequencies of GFLV and ArMV

Table 1 Virus incidences in the analyzed vineyards of the German-wide survey

Viruses No. of vineyards ~ No. of positive % of positive No. of vineyards in which all % of vineyards in which

tested vineyards vineyards samples tested positive all samples tested
positive?

GPGV 462 138 29.87 38 27.54

GFkV 462 201 43.51 10 4.98

GLRaV-1* 436 130 29.82 9 6.92

GFLV 462 71 15.38 0

ArMV 462 52 11.25 0 0

GLRaV-3 462 38 8.22 0 0

RpRSV#* 287 32 11.15 0 0

*The value is calculated by dividing the number of vineyards in which all samples tested positive for a particular virus by the number of vine-

yards positive for the virus

*Refers to a survey population excluding the grapevine variety Lemberger

**Refers to a survey population excluding the regions Baden and Wuerttemberg
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Table2 GPGYV occurs more frequently in vineyards with the youngest age category

Year Samples GPGV GFkV GLRaV1* GFLV ArMV GLRaV3 RpRSV**
1944-1980 300 29 (9.7%) b 51(17.0%)a 50 (16.7%)a 17 (5.7%) abc 9 (3.0%) ab 9 (3.0%) a 0 (0.0%) a
1981-1990 640 117 (183%)b 74 (11.6%)a 64 (10.7%) abc 53 (8.3%)a  25(3.9%)a 3(0.5%) a 9 (3.0%) a
1991-2000 1040 167 (16.1%)b 105 (10.1%)a 125 (13.0%) ab 59 (5.7%)ab 21 (2.0%)ab 20 (1.9%) a 19 (2.8%) a
2001-2010 1350 231 (17.1%)b 175 (13.0%)a 112(9.0%)bc 42 (3.1%)bc  15(1.1%)b  23(1.7%)a 15(1.9%) a
2011-2020 1010 185 (282%)a 144 (14.3%)a 64 (6.5%) c 23 (2.3%) ¢ 14 (14%)ab  12(1.2%)a 21 (3.0%)a
Chi-square X*(4,N=4620) X%(4,N=4620) X*(4,N=4100) X? X? X2 X2 (4,N=2610)
Test =76.38, =14.69, =38.22, (4,N=4620) (4,N=4620) (4N=4620) =5.19,
p=<0.01 p=<0.01 p=<0.01 =43.66, =21.58, =11.04, p=0.03
p=<0.01 p=<0.01 p=<0.05

Distribution of virus incidences in the different groups of planting years. GPGV is the only virus for which an increase in infections can be
observed in the younger planting years. According to a Chi-square test, dissimilar letters indicate significant differences

*Refers to a survey population excluding the grapevine variety Lemberger

**Refers to a survey population excluding the regions Baden and Wuerttemberg

are 5.7% and 3.0%, respectively, in the oldest vineyards and
2.3% and 1.4%, respectively, in the youngest sites.

Spatial distribution of viruses in Germany

The distribution of the viruses in the German wine-grow-
ing regions varies greatly. For example, GPGV shows a
high prevalence in Saxony and Saale-Unstrut, where it was
found in almost 90% and 80% of the samples, respectively
(Table 3). In Franconia, the virus has been detected in
40% of the samples. In Wuerttemberg and Baden, GPGV

Table 3 Virus incidences in the German wine-growing regions

incidence is around 16%, and in Palatinate, Ahr and Rhine-
Hesse, around 11%. Between 3% and 1.5%, GPGV-infected
samples were found in the regions of Nahe, Hessische
Bergstrasse, Mosel, Rheingau and Middle-Rhine. Mosel,
Middle-Rhine and Rheingau showed statistically the few-
est GPGV infections. The spatial distribution becomes
particularly visible when the results are projected onto
a map. GPGV is mainly found in the southwestern and
eastern wine-growing regions (Fig. 3).

The occurrence of GFkV ranges from 20.8% in the Ahr
region to 5.5% in Franconia. Despite the broad range of

Region GPGV (%) GFkV (%) GLRaV-1 (%) GFLV (%) RpRSV (%) ArMV (%) GLRaV-3 (%)

Saxony 87.5a 16.9 abc 5.0 bed 0.0d 15.6a 00a 0.6 ab

Saale-Unstrut 76.2 a 11.9 abc 2.9cd 0.0d 0.5 be 0.0a 0.5 ab

Ahr 10.8 cde 20.8 ab 2.3 cd 2.3 abed 0.8 bc 1.5a 0.0b

Mosel 2.8¢e 6.9c 13.8b 0.3 cd 0.8 be 0.8a 44a

Middle-Rhine 15e 12.7 abc 5.4 bed 2.3 abcd 0.0c 19a 1.2 ab

Rheingau 24¢e 14.3 abc 33cd 0.5cd 1.9 bc 24a 1.4 ab

Nahe 33 de 6.7c 375a 0.8 bed 0.0c 0.8a 0.0b

Rhine-Hesse 10.3 cd 20.6 ab 29.7 a 5.4 abc 0.9 be 03a 0.6 ab

Palatinate 11.5¢cd 9.6 bc 7.4 bed 1.1 bed 7.4 ab 22a 0.4 ab

Hess. Berg- 2.9 de 13.6 abc 0.0d 0.0d 0.7 be 00a 0.7 ab

strasse

Franconia 40.0b 55¢ 10.5 be 9.5 ab 2.6 be 2.1a 0.3 ab

Wuerttemberg  16.6 ¢ 6.9 c 34.6 a 13.1a 37a 1.5 ab

Baden 16.0c 20.3 ab 6.0 bed 3.2 abc 2.7a 1.9 ab

Chi-square test ~ X*(12,N=4620) X> X2 X’(12,N=4620) X*(10,N=2870) X* X2(12,N=4620)
=1355.6, (12,N=4620) (12,N=4620) =230.81, =172.48, (12,N=4620) =50.76,
p=<0.01 =147.71, =550.99, p=<0.01 p=<0.01 =35.98, p=<0.01

p=<0.01 p=<0.01 p=<0.01

Viral incidences are shown for Grapevine pinot gris virus (GPGV), Grapevine fleck virus (GFkV), Grapevine leafroll-associated virus 1
(GLRaV- 1), Grapevine fanleaf virus (GFLV), Raspberry ringspot virus (RpRSV), Arabis mosaic virus (AtMV) and Grapevine leafroll-associ-
ated virus 3 (GLRaV- 3). According to a chi-square test dissimilar letters indicate significant differences between regions
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incidences, only the regions of Wuerttemberg, Mosel, Nahe
and Franconia differ significantly from the regions Ahr,
Rhine-Hesse and Baden. All other regions lay in between
and are statistically indifferent.

Regarding GLRaV-1, the regions Nahe, Wuerttemberg
and Rhine-Hesse show highest incidences with 37.5%,
34.6%, and 29.7%, respectively. In contrast, not a single
infection was detected in the region Hessische Bergstrasse.
The Mosel region, at 13.8%, has statistically fewer GLRaV-1
infections than the Nahe region, Wiirttemberg, and Rhine-
Hesse, but does not differ from Franconia (10.5%), Palati-
nate (7.4%), Baden (6.0%), Middle-Rhine (5.4%), and Sax-
ony (5.0%). The remaining regions do not differ from each
other with GLRaV-1 occurrences between 3.3% (Rheingau)
and 2.3% (Ahr).

Most GFLYV infections were detected in Wuerttemberg
(13.1%). However, GFLV occurrences in Franconia (9.5%),
Rhine-Hesse (5.4%), Baden (3.2%), Ahr (2.3%) and Middle-
Rhine (2.3%) showed no statistical differences. The Mosel
region had the fewest GFLV infections in relation to the sam-
ples tested (0.3%). No GFLV infections were detected in the
Hessische Bergstrasse, Saxony, and Saale-Unstrut regions.
All GFLV occurrences in the remaining regions did not dif-
fer significantly among themselves.

By far the most RpRSV infections are found in Saxony
(15.6%). Statistically, however, the occurrence of RpRSV is
not different in Palatinate with 7.4%. In the Middle-Rhine
and Nahe regions, the virus was not found in any of the sam-
ples. All other regions do not differ statistically from each
other, with RpRSV incidences between 2.6% (Franconia)
and 0.5% (Saale-Unstrut).

ArMV was generally detected in very few samples (suppl.
Fig. 1). There is no statistical difference for this virus for
any of the regions. It was found most frequently in Wuert-
temberg with 3.7%. In the regions Hessische Bergstrasse,
Saxony and Saale-Unstrut, it was not detected in any of the
samples.

Positive GLRaV-3 samples were also found very rarely.
From a statistical point of view, only three regions differ.
In the Mosel region (4.4%), the virus was detected more
frequently than in the Ahr and Nahe regions, where the
virus was present in none of the samples. All other regions
show a GLRaV-3 incidence between 1.9% (Baden) and 0.3%
(Franconia).

Occurrence of GPGV isolates

The GPGYV isolates from German vineyards are distrib-
uted across all clades (Fig. 4). Most samples (40 out of
53 isolates) assigned to clade A, six to clade B and seven
to clade C. As expected, the internal isolate from a highly
symptomatic plant from Baden clustered to clade C, while,

interestingly, both isolates from Wuerttemberg clustered
to clade A.

Clade A isolates have been predominant in the north-
eastern and northwestern regions, whereas in eastern
regions, isolates from all clades were present (Table 4).
Compared to clade A isolates, isolates assigned to clade B
and C were rather rarely found in this study. It is interest-
ing that despite the small number of tested samples from
Saxony, only clade C isolates were identified. Clade C
isolates were otherwise only found in single samples from
Palatinate and in Wuerttemberg.

Concerning polymorphisms at the end of the MP region
of GPGYV, the German isolates were highly homogeneous
(suppl. Table 3). Almost all isolates had the stop codon at
position 6,702 which results in a 375 amino acid long MP.
However, four isolates showed a T/C polymorphism at site
6,684 as described by Saldarelli et al. (2014) which causes
a stop codon creating a protein six amino acids shorter.
All isolates were assigned to clade C. No isolate showed
the T/C polymorphism at site 6,687 known from Spanish
isolates causing a 370 amino acid long MP (Moréan et al.
2018).

Table 4 Distribution of GPGV isolates in German wine-growing
regions

Region Tested Isolates
vineyards

Clade A Clade B Clade C
Eastern regions 8 50385%) 3(23.0%) 5(38.5%)
Saxony 0(0.0%)  0(0.0%) 4 (100.0%)
Saale-Unstrut 505.5%) 3(333%) 1(11.0%)
Northwestern 16 28 (93.3%) 1(0.03%) 1 (0.03%)

regions
Ahr 2 4 (100.0%) 0 (0.0%) 0 (0.0%)
Mosel 2 2 (100.0%) 0 (0.0%) 0 (0.0%)
Middle-Rhine 2 1(50.0%) 1(50.0%) 0 (0.0%)
Rheingau - - - -
Nahe 1 1 (100.0%) 0 (0.0%) 0 (0.0%)
Rhine-Hesse 2 7 (100.0%) 0 (0.0%) 0 (0.0%)
Palatinate 7 13 (92.9%) 0 (0.0%) 1(7.1%)
Hess. Bergstrasse — — - - -
Southwestern 8 7(70.0%) 2 (2.0%) 1(1.0%)
regions

Franconia 3 2(50.0%) 2(50.0%) 0(0.0%)
Baden 3 4 (100.0%) 0 (0.0%) 0 (0.0%)
Wauerttemberg 2 1(50.0%) 0 (0.0%) 1 (50.0%)
Total 64 40 (75.0%) 6 (11.0%) 7 (13.0%)

GPGYV isolates of randomly selected vines were determined. Dis-
played are the total and relative number of isolates in each region and
their affiliations to various genomic clades known from previous pub-
lications
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Alternative GPGV host plants

A total of 104 additional samples of the accompanying flora
of individual vineyards were sampled and tested by RT-PCR
for GPGV infection (suppl. Table 4). Besides, randomly col-
lected symptomless plants, also plant material showing leaf
deformations, and mottling or stunted shoots were analyzed.
However, in none of the samples, GPGV was present (suppl.
Fig. 2).

Discussion

Samples from all thirteen German wine regions were
tested for the viruses ArMV, GFkV, GFLV, GLRaV-1 and
GLRaV-3 listed in the WGO (FAO 2022) as well as for the
currently unregulated viruses RpRSV and GPGYV. In line
with a study performed on propagation material (Messmer
et al. 2021), the present study proofs GPGV as the most
abundant virus in commercially cultivated vineyards. 18%
of all tested samples in German vineyards were positive for
this virus (Fig. 2). The high GPGV infection rate becomes
even more significant when considering that the samples
were collected in a triple blind procedure. Both the vineyards
and the ten vines per vineyard were randomly selected. The
third level of randomness resulted from the sample date early
after budbreak, so that no symptoms were visible, avoiding
subconscious selection of conspicuous vines. GFkV was
with 13% the second most common virus in commercial
vineyards, while GLRaV-1 was present in 9% of the samples
(excluding samples from Lemberger). GFLV was found in
4% of samples followed by RpRSV, ArMV and GLRaV- 3,
each found in 2% of the vines tested.

The different frequencies of viruses in the survey could
be influenced by various parameters. Certainly, vector
insects have a great influence on virus occurrence. GPGV
and GLRaV-1 show significantly higher frequencies in the
survey than the Nepoviruses GFLV, RpRSV and ArMV.
Nepoviruses are transmitted by soilborne nematodes, which
are rather slow vectors (Jha et al. 1961; Raski et al. 1983).
GPGYV and GLRaV-1 are transmitted by the Eriophyes mite
Colomerus vitis and by various mealybugs and soft scale
insects, respectively (Martelli et al. 2006; Malagnini et al.
2016). These are common insects in German vineyards
and more mobile than nematodes (Huebschen et al. 2004,
Steinmetz et al. 2017). Therefore, viral spread of GPGV and
GLRaV-1 is more likely than that of Nepoviruses. From this
perspective, the very low incidence of GLRaV-3 in Germany
is remarkable. In many other countries, this virus is one of
the most common in grapevine where it causes severe symp-
toms and economic damage (Maree et al. 2013; Xiao et al.
2018; Blaisdell et al. 2020; Crnogorac et al. 2021; Carija
et al. 2022). GLRaV-3 is spread mainly by mealybugs of

@ Springer

the genera Heliococcus, Phenacoccus, Pseudococcus, and
Planococcus. Most of them are present in German wine-
growing regions and are also able to transmit GLRaV-1
(Tsai et al. 2010; Bertin et al. 2016). Since GLRaV-1 occurs
more often in German vineyards, it could be assumed that
GLRaV-3 never became widely established in Germany,
and thus, no vector-based spread occurred. In contrast, the
high incidence of GFkV (13%) is difficult to explain by
vector-based transmission alone, as no vector is known to
date (Sabanadzovic et al. 2017; Martelli and Boudon-Padieu
2006). Presumably, the high incidence is due to the lack of
testing of GFKV in scions, since according to the WGO, the
virus must only be tested in rootstocks. Therefore, it can be
assumed that the virus is also already present to a consider-
able extent in shoot material from where it is spread. These
concerns have been shared by ICVG members since 2003
(Maliogka et al. 2015). However, all regulated viruses were
significantly less frequent in the survey than the unregulated
GPGYV. This unregulated state currently allows GPGV to
multiply exponentially through infected planting material,
ultimately increasing the likelihood of being transmitted by
its vector, explaining its high occurrence. Although RpRSV
is also unregulated, it has a very low incidence (2%). Prob-
ably, this circumstance can be attributed again to its rather
slow vectors of soilborne nematodes. The probability of a
suitable nematode feeding on an infected vine is quite low
at this small frequency of RpRSV. And even if this were the
case, transmission to neighboring plants would take a long
time due to the low mobility of the nematodes in the soil.
The planting year of the vineyards also seems to have an
influence on virus occurrences. The incidences of almost
all regulated viruses decreased continuously, so that signifi-
cantly fewer viruses were present in young vineyards than in
older ones (Table 2). Since the WGO was enacted in 1986,
there could be a link between the successive reduction in
the incidence of viruses and the new phytosanitary meas-
ures introduced at that time. However, exceptions to this
are GFkV and GLRaV-3 which show more or less stable
incidences around 13% and 1.5% over the last 8 decades,
respectively. The reason for stable GFkV incidences on
such high levels is not known. The incidence of GLRaV-3
appears to be so low that vector-based transmission, as with
RpRSYV, is unlikely. Consequently, the amount of virus is
kept constantly low. In contrast to the other viruses, GPGV
is the only virus that shows an almost continuous increase
over the past 5 decades. Incidences have risen from 9.7%
between 1965-1980, to 18.3% between 1981-1990, to
16.9% between 1991-2000, to 17.5% between 2001-2010,
and eventually reached 28.2% between the years 2011-2020.
Similar observations were recorded in a survey in Ontario
where GPGV increased from 13.3% between 1974-1990 to
25.7% between 2006-2016 (Xiao et al. 2018). According
to phylogeographic analyses of Hily et al. (2019), GPGV
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entered Europe in the mid-twentieth century from Asia. The
oldest GPGV-infected vines in this study were planted in
1965, what might suggest that GPGV became established
in Germany later than other viruses. However, the number
of old vines tested during this study was rather low, and the
suitable vector could just as well have transmitted the virus
to older vines in recent years.

Since the survey has shown significant temporal dif-
ferences between virus abundances, it is interesting to see
if there are also spatial differences in virus occurrence in
Germany. All viruses, except ArMV, show significant dif-
ferences in abundance between German regions. GFkV is
widespread in the country and fairly regularly distributed
(Fig. 3). It was mostly found in Baden (20.3%), Rhine-
Hesse (20.6%) and the Ahr region (20.8%). Individual hot-
spots could be identified for GLRaV-1 and GFLV. While

Fig.3 Spatial distribution of the
four most frequently detected
viruses in the Germany-wide
survey. The maps show the
percentage of positive samples
in the probing districts for

the viruses Grapevine pinot

gris virus (GPGV, a, top left),
Grapevine fleck virus (GFkV, b,
top right), Grapevine leafroll-
associated virus 1 (GLRaV-1,

¢, bottom left) and Grapevine
fanleaf virus (GFLYV, d, bottom
right). The areas are color coded
from red (100% virus occur-
rence) to yellow (50% virus
occurrence) to white (0% virus
occurrence)

GFLV is particularly prevalent in Wuerttemberg (13.1%),
GLRaV-1 hotspots are present in the Nahe region (37.5%),
Rhine-Hesse (29.7%) and in Wuerttemberg (34.6%). Hot-
spots were also found for RpRSV and GLRaV- 3. RpRSV
has shown elevated incidences in Saxony (15.6%) and Palati-
nate (7.4%), whereas GLRaV- 3 has been found most in the
Mosel region (4.4%). With GPGYV incidences of 88% and
76%, respectively, the regions Saxony and Saale-Unstrut
clearly stand out from the others. In Franconia, Baden and
Wauerttemberg, GPGV could be detected in about 40% and
20% of the samples, respectively. In contrast, the occurrence
of GPGV decreases toward the northern regions, along the
river Rhine.

Why some viruses are more frequently present in some
regions might again depend on various influences. One
reason could be the origin and particularly the quality of

Virus
100%

50%
0%
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planting material. As observed in a previous study, there are
significant differences in virus incidence between various
propagation categories in Germany, depending on the extent
and frequency of testing (Messmer et al. 2021). The category
of standard propagation material was not considered in this
study at that time. However, it can be assumed that plants
of standard material have far more virus infections as the
controls are based solely on visual assessment without any
serological tests (FAO 2022). If plants, which have not been
tested at all or have been tested only infrequently, also come
from areas with high virus incidences, the probability of
obtaining infected planting material is high.

Another influencing factor is again the presence of vector
insects. The corresponding vectors of GLRaV-1, GLRaV-3
and GFLV may occur throughout Germany, so that the
observed regional hotspots of these three viruses may indi-
cate that the vectors are also more common in the affected
regions (Huebschen et al. 2004; Hoffmann et al. 2022). In
regions where both the virus and its appropriate vector are
present, it is quite difficult to re-contain viral infection.
Effective measures are limited to controlling the vector
insect and consistently introducing healthy planting mate-
rial over very large areas. Both require a high financial com-
mitment and joint efforts of all winegrowers in the hotspot
regions. These efforts are further challenged by the decreas-
ing number of agents approved for vector insect control. Pre-
ventive measures that stop the formation of hotspots in the
first place are consequently the best protection against viral
infections. According to the survey results, special attention
should be paid to GLRaV-3 as it remained very stable at a
low level in Germany for almost 8 decades. This very low
occurrence should be maintained in the future as long as
possible, especially when it is seen to be much more abun-
dant and damaging to vines in many countries (Caruso et al.
2022). The highest GLRaV-3 occurrence was found in the
Mosel region. Thus, especially in this region, the occurrence
of the corresponding vector insects should be monitored, and
a high phytosanitary quality of the planting material should
be aimed for.

For GPGV a clustering became visible in the eastern and
southwestern wine regions of Germany (Fig. 3). The reason
for such a distribution is not yet clear. The fact that GPGV
was found in 27.5% of infected vineyards in ten out of ten
samples (Table 1) suggests either that the virus was intro-
duced through infected planting material or that the vector
transmission of GPGYV is highly efficient within vineyards.
That both assumptions could be possible has already been
demonstrated in other studies (Demian et al. 2020; Messmer
et al. 2021; Bertazzon et al. 2020; Hily et al. 2021). The high
proportion of completely contaminated vineyards is mainly
due to the elevated incidence in the regions of Saxony and
Saale-Unstrut (Table 3). The tested vines in the eastern

@ Springer

regions were almost exclusively sourced from two nurser-
ies in Palatinate, both with a wide sales area in Germany.
Thus, highly elevated GPGV incidences should also occur
in northwestern areas of German viticulture. Since this is not
the case, the high infection rates in the eastern wine-growing
regions are at least not exclusively triggered by the planting
material from Palatinate. In addition, isolate analyses sug-
gest that the high GPGV infestation in East Germany can
possibly be attributed to planting material from other Euro-
pean countries. Between 1987 and 1989, vines were pur-
chased in Saxony from many different countries, including
Italy, France, and the Czech Republic (Hohne, personal com-
munication). NCBI Blast results show that the Saxon isolates
have the highest homologies (98.93-98.22%) with an Italian
and a Slovenian isolate (GeneBank Acc.Nr.: LN606714.1;
MWO026696.1). That is a higher degree of identity than
with the other clade C samples Mon P 271 from Palatinate
(97.71-97.35%) and Mon WU 14.1 from Wuerttemberg
(97.70-96.99%) is analyzed in this survey (suppl. Table 5).
Similar blast results were achieved for clade B isolates from
Saale-Unstrut. Since highly elevated GPGV incidences only
occur in East Germany and the isolate composition there is
by no means congruent with those in Palatinate, one has to
assume that the vines were infected at a later date in Saxony
and Saale-Unstrut through the suitable vector(s).

Also the fast spread of GPGV within vineyards indi-
cates vectorial transmission (Bertazzon et al. 2020; Hily
et al. 2021). So far, there is still no verification for the
existence of another GPGV vector insect than the Erio-
phyes mite Colomerus vitis. However, the presence of
another vector is very likely due to the detection of GPGV
in non-Vitis plants. GPGV has already been detected in
Ailanthus sp., Asclepias syriaca, Chenopodium album,
Crataegus sp., Fraxinus sp., Rosa canina, Rubus sp.,
Sambucus sp., and Silene latifolia subsp. Alba (Gualan-
dri et al. 2017; Demian et al. 2022). Since Colomerus
vitis is monophagous, another insect must be able to
transmit GPGV from grapevines to those plants or vice
versa (Malagnini et al. 2016). To determine the situation
of alternative host plants in Germany, samples of herba-
ceous plants from the vineyards as well as shrubs and fruit
trees from their surroundings were analyzed for GPGV.
Although some samples showed leaf mottling or stunted
growth, the virus was not detected in any of them (suppl.
Table 4). Since the sampling on vines and other plants
was carried out simultaneously right at the beginning of
the season, there was no knowledge of the phytosanitary
situation in the vineyards. Thus, many samples were taken
in vineyards without GPGYV infestation and therefore with
no virus pressure. It is also possible that the corresponding
vector, which is able to transmit GPGV between vines and
alternative hosts, is not yet established in Germany or the
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sampling was done too early in the growing season, and
the vector was not yet active.

Since no symptoms were visible on grapevine at the time
of sample collection, winegrowers and the respective state
offices who had collected the samples were asked about
GLMD symptom development in the corresponding vine-
yards. Information on symptomatology is also of high inter-
est in connection with isolate analysis. Over the years, the
theory has been established that isolates assigned to clade
A are mostly latent, whereas clade B and C isolates are
mostly virulent and can elicit GLMD symptoms in grape-
vine (Bertazzon et al. 2017). Isolate analysis of this study
determined relatively low genetic diversity in Germany.
Mainly isolates of clade A were found (72%), while iso-
lates of clade B (11%) and C (13%) were less abundant and
preferably located in eastern Germany (Fig. 4). Especially
in Saxony, where only clade C isolates were verified within
the small subset of tested plants, severe symptoms within
the analyzed vineyards were expected (Table 4). How-
ever, no symptomatic vines have been reported from there,
so far. Strong symptoms have been reported solely from
Baden, Wuerttemberg and Franconia (Reynard et al. 2016,
Hofmann, personal communication). This inconsistency
of the correlation between genetic variability of GPGV
and symptom development was already stated by diverse
groups (Bertazzon et al. 2017, 2020; Moréan et al. 2018;
Marra et al. 2020). Also, two of the three WBI internal
controls from highly symptomatic grapevines were clus-
tered to clade A, suggesting that GPGV symptoms are not
only influenced by the polymorphism at the movement pro-
tein. Hily et al. (2021) pointed out that mixed isolate infec-
tions are difficult to reveal using simple Sanger sequencing
which might also be a possible reason for the lack of corre-
lation between tested isolate and GLMD expression. Even
with an intermediated cloning step, only the predominant
isolate will be detected. High throughput sequencing (HTS)
is to date the only reliable method to get precise results on
mixed infections. Furthermore, Hily et al. (2021) designed
universal GPGV primer on the basis of HTS results able to
detect all previously known GPGYV isolates. That was not
possible with the primer pair used for isolate analysis in
this study (Saldarelli et al. 2014). Another explanation for
the discrepancy of isolate and symptom expression may
lie in cross-protection, a common phenomenon of various
viruses (Bertazzon et al. 2020). In this process, an avirulent
virus strain primes the plant and confers a certain resist-
ance to more virulent strains due to the activation of the
host-induced RNA silencing machinery. Tarquini et al.
(2019) observed this priming effect under controlled con-
ditions, and Bertazzon et al. (2020) collected field data in
which symptomless plants over consecutive years indicate
such a mechanism. It would be interesting to pursue this
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line of thought in future. For ArMV and GFLYV, this method
was not suitable due to negative influences on growth per-
formances of the vine and yield losses (Komar et al. 2008).
If it appears that GPGV is widely latent in vines in a stable
manner, cross-protection could well be an opportunity.

Conclusion

The data of this study demonstrated that the overall level of
regulated viruses in commercial vineyards in Germany is
relatively low. Few regional hotspots for some viruses were
identified in which virus incidences are above the German-
wide average. Even with suitable phytosanitary and agro-
nomic measures, such local virus accumulations cannot be
completely avoided. However, the results must be seen as
a small and momentary excerpt of the entire phytosanitary
situation of German viticulture. Other working groups for
example have shown a general increase in GLRaV-1 in Ger-
many which is probably due to scale insect habitat expand-
ing supported by global warming (Hoffmann et al. 2022).

Regarding GPGYV, the survey confirmed that the newly
emerged Trichovirus is already present to a large extent in
German commercial vineyards and is continuously increas-
ing. This was less surprising after it could already be shown
that the virus is strongly represented in propagation material
(Demian et al. 2020; Messmer et al. 2021). Virus surveys in
other countries have also identified GPGV as one of the most
prevalent viruses (Xiao et al. 2018; Spilmont et al. 2018;
Carija et al. 2022). GPGV is obviously benefiting from its
unregulated status as well as from its mobile vector insect(s).
That it is mostly latent in grapevines additionally support its
spread. The study again showed that GPGV symptomatology
has not yet been fully elucidated. Contrary to the isolate dis-
tribution found in Germany, strong GLMD symptoms were
only sighted in the regions of Baden, Wuerttemberg and
Franconia, where this virus can cause high yield losses and,
in the worst case, permanently impairs the growth of the
vines so that clearing the area becomes inevitable (Messmer
et al. unpublished data).

As already mentioned, prevention is currently the best pro-
tection against virus infections. This includes phytosanitary
monitoring, reliable diagnostics and comprehensive phyto-
pathological research. The high GPGV incidence in German
vineyards and the rapid increase in the virus within the last
decade are evidence of the need to look for prevention meas-
ures in time. Since the viruses regulated in the WGO in this
study showed stable or even declining incidences over the
last 8 decades, the inclusion of GPGV in the European-wide
regulation should be considered. Also as part of an European
and Mediterranean Plant Protection Organization (EPPO)
project, Picard et al. (2018) proposed listing GPGV as a new
regulated non-quarantine pest (RNQP) for grapevine.
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