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Summary

To define control strategies for “Bois Noir” dis-
ease (BN) it is necessary to know factors favouring its
spreading by the vector Hyalesthes obsoletus Signoret.
During 2003-2006 a research was carried out in 18 vine-
yards of a grape-growing area of North Italy to assess
the influence of insecticides, applied on grapevine cano-
pies, and environment surrounding the vineyards on
disease spreading. The vector population density was
higher outside than in the centre of the vineyards. In-
secticides applied to grapevine canopies did not signifi-
cantly influence the vector population level in the cen-
tre of the vineyards. The majority of vineyards showed
randomized distribution of symptomatic grapevines.
Seven vineyards had an aggregate distribution due to
an edge effect from a border side with nettle. The in-
cidence of border sides not contiguous to other grape-
vine rows on vineyard surface was positively related to
higher levels of BN. The incidence of border sides with
nettle on vineyard surface was positively correlated to
disease incidence in the vineyards with aggregate distri-
bution of symptomatic grapevines. All the data support
the importance of surrounding vegetation as source of
inoculum of BN phytoplasma. Molecular analyses on
ribosomal and tuf genes show that 16 out of the 18 vine-
yards were affected only by BN: in 13 only tuf-type I
was identified, in 2 only tuf-type I, in 1 both tuf-types,
and in 2 it was not possible to identify the tuf-type of
phytoplasmas detected. In the weeds tested only tuf-
type II phytoplasmas were identified while H. obsoletus
was carrying both phytoplasma tuf-types.

Key words: Grapevine yellows, Hyalesthes obsoletus,
phytoplasma, epidemiology, chemical control.

Introduction

Bois noir (BN) is a grapevine yellows (GY) associated
with 16SrXII-A phytoplasmas causing severe damages in
European vineyards. BN phytoplasmas were transmitted to
grapevine by Hyalesthes obsoletus Signoret (Homoptera,
Cixiidae) using as source of inoculum Convolvulus arven-
sis L. (MAIXNER 1994, Srorza et al. 1998) and Urtica dio-
ica L. (ALma et al. 2002, BressaN et al. 2006). However,
these phytoplasmas were also detected in other plants and

auchenorrhyncha species that are supposed to be involved
in BN epidemiology (MAIXNER 2006).

Recently, within the 16SrXII-A ribosomal subgroup
(stolbur phytoplasmas), in Germany three different strains
were distinguished on the basis of tuf gene sequences
(LaNGER and MAIXNER 2004). These strains show specifici-
ty for different plant species: type I was detected only in U.
dioica, type 1l was found in C. arvensis and in Calystegia
sepium L. and type 11l was recorded only in C. sepium.

In Germany the population level of the vector inside
the vineyards is influenced by the ground coverage of C. ar-
vensis and highest levels of BN - type I were observed in
the grape-growing areas where H. obsoletus is more abun-
dant in the vineyards (MAIXNER and REINERT 2000; DARI-
MoNT and MaIxNeR 2001). However, in the grape-growing
areas of central Europe, where BN is mostly associated to
C. arvensis (MAIXNER et al. 1995; Srorza et al. 1998), the
chemical control of the vector is considered not suitable
because the nymphs are hidden in the soil and the plan-
thopper host plants grow also outside the vineyards (SFor-
zA and BoupoN-PaDpiEu 1998; WEBER and MAIXNER 1998).

In some grape-growing areas of North Italy the high
density of the vector on nettle outside the vineyards, and
the edge effect observed both for H. obsoletus (CreDI et al.
2004, BrEssaN et al. 2006) and for BN disease (ARZONE
1993, CavaLLing et al. 2003, CrEDI et al. 2004), would indi-
cate that herbaceous vegetation surrounding the vineyards
can be an important phytoplasma source for grapevines. In
North Italy insecticides applied on the grapevine canopy
seem to influence neither the disease (PAvan 1989, Pavan
et al. 1989) nor the captures of H. obsoletus in grapevine
canopy (Mori et al. 1999, CavaLLINI et al. 2003).

To define control strategies, factors favouring BN
spreading in the different grape-growing areas must be
well investigated. Therefore, a research was carried out in
a grape-growing area of North Italy to assess the influence
of insecticides, applied on grapevine canopies, and of envi-
ronment surrounding the vineyards on disease spreading.

Material and Methods

In the period 2003-2006 a study was conducted
in 18 vineyards (13 in the first year) located in a grape-
growing area of the Emilia-Romagna region (North Italy)
(Tab. 1). In the first year of study only BN phytoplasmas
were detected in the investigated vineyards. In 2006 vine-
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Table 1
Characteristics of the sampled vineyards
. Ground . . Phytoplasmas
Borde'r sides not covered Ratio bor(.ler side Spatial distribution of id}e]ntri)ﬁed in
Vineyard  Area COIlt.lgU.OuS to by C. length / vineyard symptomatic grapevines grapevine
N. (%) (m?) grapevine rows (m) arvensis surface (N. samples)
total with (le :; © total with frequency edge 16Sr  type type

U. dioica nettle distribution effect  XII-A I 11

1 15513 336 64 1 0.025  0.005 Poisson no 1 1 0

2 22482 570 130 3 0.025  0.006 Poisson no 3 2 0

3 1960 265 15 2 0.135  0.008 Poisson no 2 2 0

4 8169 426 10 1 0.052  0.001 Poisson no 2 0 1

5 7734 226 0 2 0.029  0.000 Poisson no 5 4 0

6 30478 554 10 4 0.018  0.000 Poisson no 5 3 0
Poisson,

7 6424 176 52 2 0.027  0.008 negative yes 1 0 0
binomial

8 5502 291 6 2 0.053  0.001 Poisson no 13 6 1

9 12072 576 192 1 0.048 0016  negative yes 2 20
binomial
Poisson,

10 5040 288 75 4 0.057 0.015 negative yes 2 1 0
binomial

11 9778 302 40 3 0.031  0.004 Poisson no 1 0 0

12 14450 564 191 3 0.039  0.013 negative yes 1 10
binomial

13 9596 177 55 1 0.018  0.006 Poisson no 2 0 1

14 27196 478 118 2 0.018 0004  neeative yes 11 6 0
binomial

15 16428 270 59 3 0.016 0004  Deeative yes 5 30
binomial
Poisson,

16 7404 190 52 2 0.026  0.007 negative yes 8 2 0
binomial
Poisson,

17 3877 354 0 3 0.091  0.000 negative no 6 3 0
binomial

18 5219 253 20 2 0.048  0.004 Poisson no 3 2 0

(*) all the vineyards are cv. 'Lambrusco’, except N. 9 that is 'Chardonnay'. (**) 1 =< 10 %; 2 = 10-20 %; 3 = 20-30 %; 4 => 30 %.

yard 9, the only of 'Chardonnay', was removed since it was
not anymore productive.

Map of the vineyards: Amapofeachinves-
tigated vineyard (symptomatic and asymptomatic grape-
vines) and of the surrounding habitat (border sides contigu-
ous or not to other grapevine rows) was made. The border
sides not contiguous to other grapevine rows were rich in
spontaneous herbaceous vegetation, mostly along edge-
rows and ditches. The area of the mapped vineyards, the
total length of border sides not contiguous to other grape-
vine rows and the length of the border sides with U. di-
oica were measured. The percentage of vineyard ground
covered by C. arvensis was estimated and the vineyards
grouped in four covering classes (1 =< 10 %; 2 = 10-20 %;
3 =20-30 %; 4 => 30 %). The percentage of symptomatic
grapevines was estimated for four consecutive years; from
the second year the percentage of new symptomatic grape-
vines and the percentage of recovered grapevines were cal-

culated respectively on the basis of the asymptomatic and
symptomatic grapevines in the previous year.

PCR and RFLP analyses: Intheinvestigat-
ed vineyard habitats symptomatic grapevines, spontaneous
plants with suspected symptoms of phytoplasma disease
(Urtica dioica, Ulmus minor, Convolvolus arvensis, Aris-
tolochia clematidis, Calistegia sepium, Galium aparine,
Medicago sativa, Mentha sp., Plantago lanceolata, P. ma-
jor, Salix sp.) and H. obsoletus were collected and tested to
verify phytoplasma presence and identity. Nucleic acid was
extracted following described procedures for grapevines
and herbaceous samples (PRINCE et al. 1993) and insects
(ANGELINI et al. 2001). Nested-PCR followed by restriction
fragment length polymorphism (RFLP) analyses on 168 ri-
bosomal gene and on tuf gene for phytoplasma molecular
characterization was performed as described (Dupuk et al.
2004). Informative restriction enzymes employed were
Trul and Tagl on 16S gene and Hpall on tuf gene.
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H obsoletus samplings: Ineach vineyard
the population of H. obsoletus adults on herbaceous veg-
etation, inside (central part) and outside (around) the vine-
yards, were weekly monitored from June to August using
sweep nets. In 2003 the sampling was carried out only on
herbaceous vegetation outside the vineyard. At each sam-
pling the herbaceous vegetation was swept 60 times, both
inside and outside the vineyards, collecting the specimens
captured in the net every six sweeps.

Each year in the autumn, information about insecti-
cides applied to grapevine canopies were collected, and the
vineyards were grouped according to the number of neuro-
toxic insecticides sprayed during the flight of H. obsoletus
adults.

Data analysis: The means of the data (number
symptomatic, new symptomatic or recovered grapevines
and number of vector captures) that passed the normal-
ity test were compared with ordinary ANOVA (repeated
measured ANOVA for matched observations) and Tukey-
Kramer multiple comparisons test.

The means of the data that did not pass the normal-
ity test were compared with Mann-Whitney U-test (two
unmatched samples), Kruskal-Wallis test (more than two
unmatched samples) or Friedman test (more than two
matched samples). For multiple comparisons Dunn’s post-
test was used.

Relationships between two variables were studied
with linear regression analysis. To test the relationship be-
tween H. obsoletus population density, or chemical control
intensity, and the disease, the number of new symptomatic
grapevines in each year was related to the number of vector
captures, or to the number of insecticide treatments, both in
the previous and in the same year.

To study the spatial distribution of the disease in the
vineyards, the grapevines were grouped in sampling units
of nine plants. The observed frequencies of symptomatic
plants per sampling unit were compared with the expect-
ed frequencies generated according Poisson and negative
binomial models using the chi-square test (FOWLER et al.
1998). When the frequency distribution of symptomatic
plants in a vineyard fitted to a negative binomial distribu-
tion, it was investigated if this was the consequence of a
gradient of symptomatic plants decreasing from a border
side with high density of U. dioica. The vineyards were di-
vided in six zones of equal size characterized by increasing
distance from the considered border side. For each zone the
number of grapevines symptomatic in the first sampling
year and in at least one of the sampling years was counted.
The existence of a gradient was determined comparing the
percentage of symptomatic grapevines in the six zones
with the chi-square test. The observed disease gradients
were compared with those predicted by power low model,
that well describes disease gradients by a natural source of
infectious vectors (GREGORY 1968, PURCELL 1974).

Results

H obs oletus density and flight
period: In2003 the captures outside the vineyards were

higher than in the following years, but the data are not
comparable because of the different number of sampled
vineyards (13 in 2003 and 18 in the other years) (Fig. 1).
Considering the 18 vineyards monitored during the period
2004-2006 (17 in 2006), the total captures of H. obsoletus
on herbaceous vegetation were higher in the first two years,
even if the differences were not significant because of the
high variability among vineyards within each year (Fig. 1).
In the three years in which H. obsoletus was sampled in
two different positions, the captures were always higher
outside than inside the vineyards (significant differences at
Mann-Whitney U-test in 2004 and 2005).
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Fig. 1: Average captures recorded with sweep net from June to
September in 18 vineyards (13 in 2003) sampled during 2003-
2006. inside = herbaceous vegetation in the centre of the vine-
yards (non considered in 2003); outside = herbaceous vegetation
surrounding the vineyards. Max and min of the total catches re-
corded in the sampled vineyards are reported.

In the four years of the study the captures of H. obso-
letus outside the vineyards began in mid June-early July
and ended in early-late August. The peak of captures was
always observed in July (Fig. 2).
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Fig. 2: Flight of H. obsoletus recorded on U. dioica and C. arven-
sis surrounding the vineyards using sweep net.

Identification of GY: Among the grape-
vine samples tested 2 to 13 for each vineyard resulted posi-
tive to the presence of 16SrXII-A phytoplasmas (Tab. 1);
in vineyards 1 and 11 "Flavescence dorée" phytoplasmas
were also identified (data not shown). Nested-PCR ampli-
fication on tuf gene provides amplicons from the major-
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ity of BN infected grapevine samples; only two vineyards
(7 and 11) were providing no amplification with this gene
(Tab. 1). RFLP analyses showed the clear prevalence of
tuf-type I BN phytoplasmas (LANGER and MAIXNER 2004),
only in three vineyards tuf-type II was identified (Tab. 1).

The tests performed on the spontaneous plant species
collected allow the identification of 16SrXII-A phytoplas-
mas in U. dioica, C. arvensis, M. sativa, P. lanceolata and
Salix sp.; only in C. arvensis and M. sativa it was possible
to obtain amplification of tuf gene, and both species were
infected by tuf-type II "Bois Noir" phytoplasmas (data not
shown). Molecular analyses performed on 270 H. obsoletus
insects allow the detection of 16SrXII-A phytoplasmas in
105 insects, among these 85 % were carrying tuf-type I and
the rest was carrying tuf-type II phytoplasmas.

Symptomatic grapevines over the
years : During 2003-2006 the average percentage of
symptomatic grapevines in the 10 vineyards with "Lambr-
usco', affected by BN and sampled every year, was equal
to 10.6 without significant statistical differences among the
years (Fig. 3). On average the 7.5 % of asymptomatic grape-
vines in the previous year showed the disease (Fig. 3). In
2006 the percentage of new symptomatic grapevines was
significantly lower than in 2004. On average the 64.3 %
of grapevines symptomatic in the previous year recovered
(Fig. 3). In 2006 the incidence of recovery decreased sig-
nificantly in comparison with previous years.

Border sides and herbaceous
vegetation: Theratio length of border sides not con-
tiguous to other grapevine rows/vineyard surface was high-
ly variable (Tab. 1) in relation to the width of the mapped
plot and to its belonging to a wider vineyard. It was maxi-
mum when the sampled plots were short, of irregular shape
and not contiguous to rows of other grapevine cultivars.

The ratio length of border sides with nettle/vineyard
surface was very variable being influenced by both the pres-
ence of U. dioica and by the same factors mentioned above.
C. arvensis was present on the ground inside and outside
the vineyards; in some vineyards it was rare, whereas in
others it covered a wide part of the ground (Tab. 1).

Spatial and frequency distributi
on of symptomatic grapevines: Fre-
quency distribution of symptomatic grapevines, recorded
in the first year of sampling, fitted only to Poisson distribu-

= symptomatic

= new symptomatic

tion in 10 cases, only to negative binomial distribution in
4 cases and to both distributions in 4 cases (Tab. 1). The
two vineyards affected also by FD (1 and 11) fitted to Pois-
son model. The vineyards in which the symptomatic grape-
vines showed an aggregate distribution were, except one
(17), also those with a high presence of U. dioica along
at least one border side of the vineyard. The zone of the
vineyard nearest to this border side, showed a percentage
of symptomatic grapevines significantly higher of that in
the inner zones (Tab. 2). The vineyard 17 did not show an
edge effect, but in this case the distribution of symptomatic
grapevines did not reject either Poisson model (Tab. 1).
The power low model significantly described the edge ef-
fect in six of the seven considered cases (Tab. 2). In the
vineyard 16 the distribution of the symptomatic plants
would suggest the existence of two sources of inoculum
opposite each to other.

Factors influencing the captures of
H. obsoletus on herbaceous vegetation
in the centre of the vineyards: H. obsoletus
captures on the herbaceous vegetation inside the vineyards
was apparently not influenced by those on herbaceous veg-
etation outside the vineyards (in the four years of the study
the P of the regression analyses ranged from 0.15 to 0.54).

The number of insecticide treatments applied on
grapevine canopies during the flight of H. obsoletus did
not significantly influence planthopper captures inside the
vineyards (in the four years the P, at Kruskal-Wallis test,
range from 0.19 to 0.78) (Fig. 4). However, considering
the classes one and two treatments per year, the captures
were on average lower where two times insecticides were
sprayed. The amount of H. obsoletus captured inside the
vineyards was not related to C. arvensis coverage of the
ground: in the three years the P of the regression was re-
spectively 0.07, 0.96 and 0.70.

Factors influencing BN disease: Vine-
yards 1 and 11 were not included in the analyses because
affected also by FD, as well as vineyard 9 because of a dif-
ferent cultivar. Therefore, only the 15 vineyards of cultivar
Lambrusco and affected only by BN were considered.

The percentage of new symptomatic grapevines was
not related to the insect captures inside the vineyards re-
corded either in the following year or in the same year
(Tab. 3). The relationship between vector captures out-
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Fig. 3: Average percentage of grapevines symptomatic, new symptomatic (calculated on the asymptomatic in the previous year) and
recovered (calculated on the symptomatic in the previous year) recorded in during 2003-2006 in the 10 Lambrusco vineyards sampled
all the four years and infected by BN phytoplasma. Bars indicate the range observed in the sampled vineyards. Different small letters

indicate significant differences per p < 0.05.
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Table 2

with U. dioica (1= border zone) and fitting of the data to power law model
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nson rone rearesson
2
N. (mzone) 1 2 3 4 5 6 P R
7 (1071)
Iyear 29.1d 179 ¢ 37a 10.5b 9.0 ab 8.2 ab 0.13 0.46
total 78.5d 478 ¢ 27.6a 314 ab 40.3 be 247 a 0.03 0.74
9(2012)
I*year 25.0¢ 21.5¢ 12.5b 89b 83b 0.6a 0.08 0.57
total 453e¢ 29.8d 209cd 14.9 be 83b 12a 0.04 0.88
10 (840)
ISyear 16.5b 6.7a 7.1a 43a 63a 59a 0.04 0.69
total 23.5¢c 9.8 ab 11.4 ab 8.6 ab 82a 14.1b 0.17 0.41
12 (2408)
Iyear 19.7¢ 10.1b 63a 45a 40a 54a 0.004 0.90
total 42.4d 41.7d 24.0c¢ 19.3b 7.2 a0 10.8 a 0.02 0.77
14 (4033)
I*year 18.0d 10.1¢ 320 2.8b 2.2 ab l4a <0.001 0.96
total 513 f 40.7 e 19.4d 145¢ 10.7b 69a 0.002 0.93
15 (2738)
I“year 92c¢ 55b 3.5ab 3.1ab 3.3 ab 24a <0.001 0.98
total 34.0d 204 c 13.4 ab 10.7 a 12.9 ab 153D 0.03 0.73
16 (1234)
Isyear  13.1b 24a 24a 39a 58a 34a 0.33 0.24
total  25.8d 9.7 ab 5.8a 7.8 ab 13.1 be 15.1¢ 0.45 0.15

1* year = percentage of grapevines symptomatic in the 1% sampling year; total = percentage of grapevines symptomatic in
at least one of the sampling years; P = statistical significance of the regression; R? = coefficient of determination
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Fig. 4: Average captures of H. obsoletus using sweep net on herbaceous vegetation present in the central part of vineyards differently
treated with insecticides (0, 1, 2 times) in the period of the adult flight. Only the group with at least two vineyards where considered.
On the top of the columns the number of the vineyards within each group is reported. No statistical differences were observed.

side the vineyards and the percentage of new symptomatic
grapevines in the next year was positive, even if it was sig-
nificant only in one of the three considered years.

The number of insecticide treatments applied during
H. obsoletus flight did not significantly influence the per-
centage of new symptomatic grapevines either in the same
year or in the following year (Fig. 5).

A significant relationship between the incidence of
the border sides not contiguous to other grapevine rows
on vineyard surface, and the percentage of symptomatic
grapevines in the first sampling year was observed consid-

ering all the sampled vineyards (Tab. 4). This relationship
was still significant if only the vineyards whose frequen-
cy distribution fitted to Poisson model were considered,
whereas it was not significant in relation the vineyards
whose frequency distribution fitted to negative binomial
model (Tab. 4). The relationship between the incidence of
the border sides with U. dioica on vineyard surface, and
the percentage of symptomatic grapevines in the first year
of sampling was not significant considering both all the
vineyards and those whose frequency distribution fitted to
Poisson model; whereas, it became significant when the



70 N. Mori et al.

Table 3

Regressions between the captures of H. obsoletus on herbaceous vegetation inside and
outside the vineyards and percentage of new symptomatic grapevines in the same and in
the next year. year/year = year of captures/year regarding new symptomatic grapevines

Capture year/new

. N. vineyards equation P R?
symptomatic year
inside the vineyards
2004/2004 10 Y =13.31-044X 042 0.08
2005/2005 15 Y =9.75-0.52X 0.08 0.21
2006/2006 15 Y =5.04-0.08X 0.36 0.07
2004/2005 15 Y =9.99-031X 0.24 0.16
2005/2006 15 Y =5.41-0.25X 0.14 0.16
outside the vineyards
2004/2004 10 Y =8.84+0.025X  0.25 0.16
2005/2005 15 Y =7.46-0.0003X 0.99 <0.001
2006/2006 15 Y =3.15+0.05X 0.17 0.14
2003/2004 10 Y =7.08+0.025X  0.23 0.18
2004/2005 15 Y =6.85+0.008X  0.59 0.02
2005/2006 15 Y =2.65+0.02X 0.04 0.29
Table 4

Regression between incidence of border sides not contiguous to other grapevine rows, total or with U. dioica, on vineyard surface
and percentage of symptomatic grapevines observed in the first sampling year considering both all the vineyards and only those
whose frequency distribution of symptomatic grapevines did not rejected per p < 0.05 two theoretical frequency distributions
(Poisson and negative binomial ones)

N. vineyards equation P R?

all vineyards

total border sides 15 Y =2.46+157.31X 0.004 0.48

border sides with U. dioica 15 Y =7.02+450.08X 0.31 0.08
only vineyards that fitted to Poisson distributions

total border sides 12 Y =2.39+158.44X 0.016 0.46

border sides with U. dioica 12 Y =7.23+612.58X 0.28 0.11
only vineyards that fitted to negative binomial distributions

total border sides 7 Y =7.56+8.57X 0.89 0.004

border sides with U. dioica 7 Y =4.58+454.6X 0.049 0.46

vineyards whose frequency distribution fitted to negative 00 treatments [ 1 treatment M 2 treatments M 3 treatments

o
v

binomial distribution were considered (Tab. 4). No positive
relationship between percentage of ground coverage of
C. arvensis and the percentage of symptomatic grapevines
in the first year of sampling was found (Y = 16.3 -2.83X;
P=0.20,R*=0.12).
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The not significant influence of the insecticides, applied
in the vineyards during the vector flight, on the disease

spreading, indirectly confirms this result. This can be due
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Fig. 5: Relationship between insecticide treatment numbers and
new symptomatic grapevines in the same year and in the next
one. On the top of the columns the number of the vineyards with-
in each group is reported. For statistical analysis only the groups

1
3 2
12 1 1
6
with at least two vineyards were considered. No statistical differ-
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to the occasional occurrence of vectors on the grapevine
canopies, therefore it can be not closely correlated with
underlying herbaceous vegetation, or to the fact that this
herbaceous vegetation is not the most important source of
infectious vectors. Three results of this research support
this second hypothesis: (i) the highest is the incidence of
the border sides not contiguous to other grapevine rows on
the surface of the vineyards, the highest was the percentage
of symptomatic grapevines in the first year of sampling;
(i1) a significant positive relationship between the density
of H. obsoletus outside the vineyards in 2005 and the new
symptomatic grapevines in 2006; (iii) a significant edge
effect in symptomatic grapevines from a border side with
U. dioica observed in 7 of the sampled vineyards.

The influence of the border sides with nettle on the
disease incidence agrees with the fact that the prevalent
BN strain (tuf-type I) in the vineyards is reported to be as-
sociated to U. dioica and that this plant is localized mostly
in the herbaceous vegetation surrounding vineyards. The
absence of association of the disease with C. arvensis is
in agreement with the fact that the strain of BN associated
with bindweed (tuf-type II) was not very frequently iden-
tified in these vineyards. In the three vineyards with BN
tuf-type II the symptomatic grapevines were randomly dis-
tributed according to literature (MAIXNER 2000).

The influence of border sides not contiguous to oth-
er grapevine rows on the vineyard symptom appearance
supports the importance of the external disease source not
only in the vineyards where the disease edge effect was
observed, but in the case of BN tuf-type I it is important
also in vineyards where the symptomatic grapevines were
randomly distributed. In the considered grape-growing ar-
eas ineffectiveness of the insecticide treatments applied on
grapevine canopies, indirectly confirms the important epi-
demic role of infectious vector external sources.

Therefore where BN is associated to U. dioica, the
control strategies must mainly consider external sources
of vectors and phytoplasmas. In the grape-growing areas
where BN is associated to C. arvensis, the relationship be-
tween bindweed density inside the vineyards and disease
incidence (WEBER and MAIXNER 1998, PavaN and STEFANEL-
L1 2000) indicates that control strategies must consider
also herbaceous vegetation inside the vineyard (MAIXNER
2000).

This research suggests that insecticide treatments in
vineyards, differently from "Flavescence dorée" (PAvan
et al. 2005), are not influent for BN control, and therefore
no specific applications have to be advised. Other two
practical indications from the results of this study are: (i) to
plant width and regular shaped vineyards and (ii) to locate
susceptible cultivars in the central part of a wider vineyard
to reduce the border sides contiguous to spontaneous sur-
rounding vegetation.

Acknowledgements

Research performed under partial contribution of Regione
Emilia Romagna L.R. N. 98/2003 and of CRPV under the project
“Studio sui giallumi da fitoplasma della vite”.

References

Arma, A.; Sorpi, G.; TepescH, R.; MarzacHi, C.; 2002: Ruolo di Hyal-
esthes obsoletus Signoret (Homoptera, Cixiidae) nella trasmissione
del Legno nero della vite in Italia. Petria 12, 411-412.

ANGELINI, E.; CLAIR, D.; BorGo, M.; BErTACCINI, A.; BounpoN-PaDiEu, E;
2001: Flavescence dorée in France and Italy - Occurrence of closely
related phytoplasma isolates and their near relationships to Palati-
nate grapevine yellows and an alder yellows phytoplasma. Vitis 40,
79-86.

ARZONE, A.; CrAVEDI, P.; Pavan, F.; 1993: Epidemiologia della malattia.
In: E. ReratTI (Ed.): Atti Convegno “La flavescenza dorata ed al-
tri giallumi della vite. Stato attuale delle conoscenze e problemi di
lotta”, 39-47. Gorizia, 3 dicembre 1993, ERSA, Gorizia.

Bressan, A.; Turata, R.; Spiazzi, S.; Boupon-Pabieu, E.; GiroLami, V.
2006: Hyalesthes obsoletus: Dispersal from nettle and transmission
efficiency of stolbur phytoplasma to grapevine, 173-175. In: Ext.
Abstr. 15" Meeting ICVG, Stellenbosch, South Africa, 3-7 April
2006.

CavaLLINI, G.; CasTIGLIONI, A.; BortoLOTTI, P.; MoORI, N.; NICOLI ALDINI,
R.; BorTi, S.; Matossi, A.; BErtaccing, A.; 2003: Flavescenza do-
rata e legno nero in vigneti del Modenese. L’Informatore Agrario
59, 69-71.

Crepl, R.; TerLIZZI, F.; Cricca, L.; Drapi, D.; 2004: Epidemiologia del
legno nero della vite. L’Informatore Agrario 60, 72-75.

DArivONT, H.; MAIXNER, M.; 2001: Actual distribution of Hyalesthes ob-
soletus Signoret (Auchenorrhyncha: Cixiidae) in german viticulture
and its significance as a vector of Bois noir. IOBC/WPRS Bull. 24,
199-202.

Dubuk, B.; BorT, S.; Ivanovic, M.; KrsTi¢, B.; Duki¢, N.; BERTACCING A
2004: Identification of phytoplasmas associated with grapevine yel-
lows in Serbia. J. Phytopathol. 152, 575-579.

FowLER, J.; CoHeN, L.; JArvis, P.; 1998: Practical Statistics for Field Biol-
ogy. John Wiley & Sons, Chichester, UK.

GRrEGORY P. H.; 1968: Interpreting plant disease dispersal gradients. Ann.
Rev. Phytopathol. 6, 189-212.

LANGER, M.; MAIXNER, M.; 2004: Molecular characterisation of grape-
vine yellows associated phytoplasmas of the stolbur-group based on
RFLP-analysis of non ribosomal DNA. Vitis 43, 191-199.

MAIXNER, M.; 1994: Transmission of German grapevine yellows (Vergil-
bungskrankheit) by the planthopper Hyalesthes obsoletus (Auchen-
orrhyncha: Cixiidae). Vitis 33, 103-104.

MAIXNER, M.; 2006: Grapevine yellows - current developments and un-
solved questions. In: 15" Meeting ICVG, Stellenbosch, South Af-
rica, 3-7 April 2006.

MAIXNER, M.; REINERT, W.; 2000: Monitoring of planthopper vectors in
vineyards: An aid for grapevine yellows management decisions.
IOBC/WPRS Bull. 23, 123-124.

MAIXNER, M.; AHRENS, U.; SEEMULLER, E.; 1995: Detection of the German
grapevine yellow (Vergilbungskrankheit) MLO grapevine, alterna-
tive hosts and a vector by a specific PCR procedure. Eur. J. Plant
Pathol. 101, 241-250,

Mori, N.; MARTINI, M.; MALAGNINI, V.; FONTANA, P.; BrEssan, A.; GIrRo-
LaMI, V.; BERTACCING, A.; 1999: Vettori dei giallumi della vite: Dif-
fusione e strategie di lotta. L’Informatore Agrario 55, 53-56.

Pavan, F.; 1989: Possibilita di controllo dei potenziali vettori dell’agente
della flavescenza dorata. L’ Informatore Agrario 45, 55-61.

Pavan, F.; SteraneLLl, G.; 2000: Strategie di lotta contro Scaphoideus
titanus e Hyalesthes obsoletus vettori di fitoplasmi associati a gi-
allumi della vite, 71-77. In: Atti Convegno “Flavescenza dorata e
Legno nero della vite in Friuli-Venezia Giulia”, Gorizia, 5 novembre
1999.

Pavan, F.; CarrarO, L.; GiroLAMI, V.; OsLER, R.; ReraTTI, E.; 1989:
Nuove risultanze sperimentali sulla flavescenza dorata della vite ac-
quisite nelle ricerche condotte nella Regione Friuli-Venezia Giulia
durante il 1988. Notiziario ERSA 2, 4-17.

Pavan, F.; STEFANELLI, G.; VILLANI, A.; MoRI, N.; POSENATO, G.; BRESSAN,
A.; GrorLami, V.; 2005: Controllo di FD attraverso la lotta contro
il vettore Scaphoideus titanus Ball. In: A. BErTaccIN, P. BRACCINI
(Eds): Flavescenza dorata e altri giallumi della vite in Toscana e in
Italia. Quaderno ARSIA 3/2005, 91-116.



72 N. Mori et al.

PriNcE, J. P.; Davis, R. E.; Worr, .K.; LEE, I. M.; MocGen, B. D.; DALLY,
E. L.; BErTACCINI, A.; CREDI, R.; BARBA, M.; 1993: Molecular detec-
tion of diverse mycoplasmalike organisms (MLOs) associated with
grapevine yellows and their classification with aster yellows, X-dis-
ease, and elm yellows MLOs. Phytopathol. 83, 1130-1137.

PuURCELL, A. H.; 1974: Spatial patterns of Pierce’s disease in the Napa Val-
ley. Am. J. Enol. Vitic. 25, 162-167.

Srorza, R.; Boubon-Pabpieu, E.; 1998: Le principal vecteur de la maladie
du Bois noir. Phytoma 510, 33-37.

SrorzA, R.; CLAIR, D.; DAIRE, X.; LARRUE, J.; Bounon-PabiEu, E.; 1998:
The role of Hyalesthes obsoletus (Hemiptera: Cixiidae) in the occur-
rence of bois noir of grapevines in France. J. Phytopathology 146,
549-556.

WEBER, A.; MAIXNER, M.; 1998: Habitat requirements of Hyalesthes obso-
letus Signoret (Auchenorrhyncha: Cixiidae) and approaches to con-
trol this planthopper in vineyards. IOBC/WPRS Bull. 21, 77-78.

Received May 21, 2007



