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 Summary

Bois noir is a grapevine yellows disease associated 
with Candidatus Phytoplasma solani and transmitted to 
grapevines by means of the planthopper Hyalesthes ob-
soletus Signoret (Homoptera, Cixiidae). The overwin-
tering nymphs of the vector acquire the phytoplasma 
feeding on roots of herbaceous plants, including Urtica 
dioica L. (stinging nettle). In German and Italian vine-
yards the possibility to control the H. obsoletus nymphs 
feeding on stinging nettle roots using chemical weed-
ing and insecticides was investigated. In particular, 
the effect of herbicides, applied in autumn and in dif-
ferent spring timings, and neonicotinoid insecticides 
on vector adult emergence was evaluated. Trials con-
ducted to control nettle with glyphosate or a mixture 
of glyphosate+flazasulfuron significantly reduced the 
density of emerging adult vectors. The efficacy of her-
bicides was highest when they were applied in autumn 
or in early spring with the nymphs not older than the 
fourth instar. Herbicides applied too close to the be-
ginning of the emergence of adults reduced numbers 
only during the late part of the planthopper flight-pe-
riod. Although neonicotinoid insecticides applied in 
early spring gave efficacy comparable to herbicides, 
their use is not advisable for the negative side effects 
on non-target arthropods (e.g. honeybees). Overall, the 
combination of cultural practices and accurately timed 
applications of selective herbicides might help to refine 
the current Integrated Pest Management recommen-
dations for controlling nettle, H. obsoletus and conse-
quently bois noir.

K e y  w o r d s :  Grapevine yellows, Bois noir, planthopper, 
vector, cultural control, stinging nettle.

Introduction

Bois noir (BN) is a grapevine yellows disease associ-
ated with Candidatus Phytoplasma solani which causes se-
vere yield losses in European vineyards (CAUDWELL 1961, 
CREDI 1989, GARAU et al. 2007, PAVAN et al. 2012). Two 

molecularly differentiable strains of BN-phytoplasma, tuf-
a and tuf-b, are described as associated with Urtica dio-
ica L. (stinging nettle) and Convolvulus arvensis L. (bind-
weed) respectively (LANGER and MAIXNER 2004). BN phy-
toplasmas were experimentally transmitted to grapevines 
by means of the planthopper Hyalesthes obsoletus Signoret 
(Homoptera Cixiidae), that was field-collected from bind-
weed (MAIXNER 1994, SFORZA et al. 1998) and stinging net-
tle (ALMA et al. 2002, BRESSAN et al. 2007) as the inoculum 
sources. H. obsoletus overwinters as nymphs on the roots 
of these herbaceous plants and has one generation a year 
(BRCAK 1979, ALMA et al. 1988). The phenology of the five 
instar nymphs and adults on bindweed is earlier than on 
stinging nettle (MAIXNER 2007, CARGNUS et al. 2012). The 
adults, emerging from late spring on, can occasionally in-
vade the vineyards and feed on grapevines. 

Spread and disease progress of BN depend on the pres-
ence and abundance of natural epidemiological cycles of 
the associated pathogen Ca. Phytoplasma solani that de-
pend on herbaceous plant hosts and the vectoring plan-
thopper H. obsoletus (MAIXNER 2010). In many European 
grape-growing areas, U. dioica is the most important host 
plant of the phytoplasma associated with BN and its vector 
H. obsoletus (ALMA et al. 2002, BARIC and DALLA VIA 2007, 
BRESSAN et al. 2007, LESSIO et al. 2007, MAIXNER 2007, JO-
HANNESEN et al. 2008, KAUL et al. 2009, KESSLER et al. 2011). 
Stinging nettle is mainly located in vineyard surrounding 
areas and in particular along hedgerows and ditches, even 
if nettle bushes can also be scattered inside the vineyards 
or on the embankments of vineyard terraces. The important 
role of ditches as sources of infected vectors was shown by 
a strong edge effect in the spatial distribution of BN infect-
ed grapevines and H. obsoletus within vineyards (ARZONE 
et al. 1993, CAVALLINI et al. 2003, CREDI et al. 2004, BRES-
SAN et al. 2007, MORI et al. 2008). In indirect confirmation 
that the main source of infected vectors is the vegetation 
surrounding the vineyards, insecticides applied to grape-
vine canopy were shown to be ineffective in controlling 
the vector and the disease (PAVAN 1989, PAVAN et al. 1989, 
SFORZA and BOUDON-PADIEU 1998, WEBER and MAIXNER 
1998, MAIXNER 2007, MORI et al. 2008). Therefore, BN 
control attempts need to focus on the immature stages of 
the insect and on the host plants, which serve as infection 
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sources for the root feeding nymphs. For this reason, the 
management of stinging nettle in the areas surrounding the 
vineyards is considered crucial (MAIXNER 2007, 2010). In 
fact, in northern Italy the reduction of newly symptomatic 
grapevines in vineyards was proportionate to the reduction 
of the amount of stinging nettle in areas surrounding the 
vineyards (MORI et al. 2012). 

For the control of H. obsoletus on stinging net-
tle chemical weeding, soil tilling and frequent cuts were 
proposed (LANGER et al. 2003, MAIXNER 2007, MORI et 
al. 2012). The effectiveness of these cultural practices is 
based on the fact that the death of the nettle host leads to 
the death of the nymphs that feed on the roots. Selective 
herbicide applications on stinging nettle during nymphal 
development showed efficacy in H. obsoletus reduction 
in three cases (STARK-URNAU and KAST 2008, MAIXNER et 
al. 2010, MORI et al. 2012), but not in a trial conducted in 
Switzerland (KEHRLI and DELABAYS 2011). When stinging 
nettle control is aimed at BN management, the timing of 
cultural practices is considered a key aspect. In fact, if the 
above-ground part of the stinging nettle plants is destroyed 
during the vector’s flight period, the search by adults for 
alternative hosts could increase the risk of grapevine col-
onization (MORI et al. 2005, 2012, MAIXNER and LANGER 
2006, MAIXNER 2007, 2010, STARK-URNAU and KAST 2008, 
KESSLER et al. 2011). 

Neonicotinoid insecticides are effective against some 
planthopper pests (BAE et al. 1992, JIAN ZHONG et al. 1996) 
and their activity against H. obsoletus can be supposed. 
However, while adults can be directly sprayed with insec-
ticides, control of nymphs is more problematic as they feed 
on the roots in the ground. Foliar application of neonicoti-
noids on stinging nettle could be interesting in the H. obso-
letus control because, differently from chemical weeding, it 
could reduce vector populations without inducing emerged 
adults to colonize grapevines due to the death of stinging 

nettle plants. The aims of this study were to: (i) verify the 
effectiveness of chemical weeding in H. obsoletus control 
in different field conditions and grape-growing areas (ii) 
compare the efficacy of chemical weeding at different tim-
ings in order to establish when the herbicide provides the 
highest effectiveness, and (iii) compare the effectiveness of 
chemical weeding with that of foliar application of neoni-
cotinoid insecticides. 

Material and Methods

Locality and years. Five trials were conducted dur-
ing 2006-2011 in Italy and Germany to evaluate the effi-
cacy of chemical weeding and neonicotinoid insecticides 
to control H. obsoletus nymphs feeding on stinging nettle 
roots (Table). In trial 1 the efficacy of selective herbicide 
treatment of individuals nettle bushes scattered within a 
vineyard was tested, whereas in trials 2-5 treatments of 
continuous nettle stands along ditches or embankments 
were considered.

Trials 1 and 2 were carried out from April to August 
2006 at a viticultural site of the Middle-Rhine region in Ger-
many. In trial 1, 14 nettle bushes in the inter-rows of a vine-
yard were treated with a mixture of flazasulfuron (Katana® 
25 WG, ISK) and glyphosate (Roundup Turbo, Monsanto) 
at the rate of 200 g∙ha-1 + 2.52 L∙ha-1 on April 25, about 
nine weeks ahead of the emergence of adult H. obsoletus 
with nymphs of third to fourth instar. As a control, 10 more 
bushes remained untreated. Treatments for trial 2 were car-
ried out on a nettle stand extending between the border of 
the vineyard and a ditch (approximately 4 × 16 m) at the 
same time as trial 1. The size of this experimental area al-
lowed the selection of six patches of 2 × 2 m. Two patches 
each were treated either with the same herbicide mixture as 
in trial 1, with imidacloprid (Confidor® 70 WDG, Bayer) 

Table

Localities, nettle localisation within the vineyard habitat and treatments for the trials conducted in Germany (1-2) and Italy (3-5)

Trial Locality Nettle localisation Treatments 

1 Bacharach, Middle-Rhine region
50° 04’ N, 7° 46’ E, 145 m a.s.l.

Within vineyard Glyphosate+Flazasulfuron April 25th, 2006

2 Bacharach, Middle-Rhine
50° 04’ N, 7° 46’ E, 145 m a.s.l.

Embankment of vineyard Glyphosate+Flazasulfuron April 25th, 2006
Imidacloprid April 25th, 2006

3 Castelfranco Emilia, Modena district
44° 66’ latitude N, 11° 15’ longitude E, 42 
m altitude a.s.l.

Along a ditch at vineyard 
border side

Glyphosate April 21st, 2010
Glyphosate May 21st, 2010
Glyphosate June 18th, 2010
Glyphosate July 22nd, 2010
Control

4 Castelfranco Emilia, Modena district
44° 66’ latitude N, 11° 15’ longitude E, 42 
m altitude a.s.l.

Along a ditch at vineyard 
border side

Glyphosate October 28th, 2010
Glyphosate April 21st, 2011
Control

5 Ronco all’Adige, Verona district
45° 20’ latitude N, 11° 13’ longitude E, 35 
m altitude a.s.l.

Along a ditch at vineyard 
border side

Glyphosate April 20th, 2010
Imidacloprid June 8th, 2010
Thiamethoxam June 8th, 2010
Control
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at the rate of 160 g∙ha-1, or were left untreated as controls. 
All treatments were conducted with a backpack-sprayer 
(Solo Port 420) with 4 bar pressure and a nozzle-flow of 
1.68 L∙min-1 with a water amount of 400 L∙ha-1. 

Trials 3-5 were carried out from April 2010 to August 
2011 in three vineyard habitats of Northern Italy with a 
high amount of nettles and H. obsoletus along surround-
ing ditches. In trial 3, different spring timings of chemical 
weeding with glyphosate (Roundup Max® 68 WG, Mon-
santo) were compared (Table). In the trial area the oldest 
H. obsoletus stages were third instar nymphs in April, 
fourth instar nymphs in May, fifth instar nymphs in June 
and adults in July (CARGNUS et al. 2012). In trial 4, the her-
bicide application timing that showed the highest efficacy 
in trial 3 was compared with an application in October of 
the previous year. The herbicide was applied on nettle with 
a rate of 4 kg∙ha-1. In trial 5 the effectiveness of April tim-
ing of glyphosate was compared with that of two neoni-
cotinoid insecticides applied before the beginning of H. 
obsoletus flights, thiamethoxam  (Actara® 25 WG, Syn-
genta) and imidacloprid (Confidor® 200 SL, Bayer) ap-
plied at a rate of 200 g∙ha-1 and 0.75 L∙ha-1, respectively. All 
treatments were conducted with a backpack-sprayer (FOX 
320) with 6 bar pressure and a nozzle-flow of 1.54 L∙min-1 
with a water amount of 600 L∙ha-1. Trials 3-5 were arranged 
in a randomized complete block design with three repli-
cates. Within each block between three to five plots (2.5 m 
× 1.5 m) with about the same amount of stinging nettle 
were selected and each randomly assigned to a treatment.

In both grape-growing regions, neonicotinoid insecti-
cides were applied, although at different dates and with dif-
ferent objectives. In trial 2 in Germany, the insecticide was 
used as a standard to evaluate the efficiency of chemical 
weeding against H. obsoletus, while trial 5 in Italy focused 
on the question whether neonicotinoids are suitable to con-
trol H. obsoletus in late spring, shortly before the start of 
adult emergence, when herbicide treatments or mowing 
would be inefficient or even cause an intensified vector 
migration to grapevine.

S a m p l i n g s :  In trial 1, one yellow sticky trap 
(13 × 25 cm, cut from commercial 40 × 25 cm traps, Aer-
oxon, Waiblingen, Germany) was fixed on a woody stake 
approximately 30 cm above each nettle bush and replaced 
every week from May 17 to August 8. H. obsoletus adults 
on the traps were counted using a dissection microscope. 

Emergence traps were used in trial 2 to collect the 
adults that emerged from the soil of the treated or control 
plots. They consisted of a white-cloth tent supported by 
a metal frame at the top of which a collecting bottle was 
fixed. The liquid in the collecting bottle was composed of 
40 % ethanol, 20 % glycerine and 10 % acetic acid in water. 
On one replicate of each treatment a smaller trap covering 
0.3 m2 and on the other one a larger trap covering 1.0 m2 
were used. They were positioned in the centre of the patch-
es in June 14 and the collecting liquid was replaced every 
week until August 8th. H. obsoletus adults were counted in 
the collecting liquid with a dissection microscope and the 
counts on the different-size traps standardized by calculat-
ing the counts per m2. 

In trials 3-5 an emergence cage of 1 m3 (L × l × h, 
1 × 1 × 1 m) was located in the middle of each plot. It 
consisted of a wooden frame supporting a tent of nylon 
insect-proof net. Inside each cage a yellow sticky trap (Su-
perColor®, Serbios, 40 × 24.5 cm) was fixed on a woody 
stake above nettle plants and replaced at intervals varying 
from one to two weeks (see Figs 3A, 4A, 5A) from mid-
late June to late August. H. obsoletus adult catches were 
counted under dissection microscope.

In all trials H. obsoletus adults were identified using 
dichotomous keys (HOLZINGER et al. 2003, BERTIN et al. 
2010). 

Data analysis. Count data were analysed statistical-
ly after logarithmic transformation. Since at the beginning 
and the end of the sampling period the catches could be nil 
or very low, counts of dates with less than one H. obsoletus 
adult per sticky trap or five specimens per emergence trap 
were combined. 

In trial 1 the effects of the treatments were compared 
with paired t-test with time and treatments as independent 
factors. In trials 2, 3, 4, 5 the effects of the treatments were 
compared with Repeated Measures ANOVA and Tukey’s 
test with time and treatment as independent factors.

To know at which sampling dates the treatment dif-
fered significantly, the counts of each date in trial 1 were 
compared by one-sample t-test and in trials 3, 4, 5 by one-
way ANOVA and Tukey’s test. In trial 2, due to the small 
number of replications, the weekly data from emergence 
traps were not analysed statistically. 

In trials 1-2, statistical analysis was performed using 
JMP 9.0.2. In trials 3-5, statistical analysis was performed 
using GraphPad Instat 3.0 for Macintosh.

Results

T r i a l  1 :  The selective treatment of individual sting-
ing-nettle bushes with herbicide in late April had a signifi-
cant effect on the H. obsoletus population inside the vine-
yard. The cumulative number of catches was significantly 
reduced (Fig. 1A). With the exception of the beginning and 
the end of the flight period, the counts on traps exposed on 
herbicide treated nettle bushes were significantly reduced 
compared to traps on untreated bushes at each sampling 
date (p < 0.049 to p < 0.0003) (Fig. 1B). 

T r i a l  2 :  Both insecticide and herbicide treatments 
applied on an extended stinging-nettle stand at the vine-
yard border significantly reduced the cumulative number 
of emerging H. obsoletus adults (Fig. 2A). The average of 
495 vectors emerging per square metre during the captur-
ing period on the control plots was reduced to 17 % and 11 
% by the treatment with herbicides and insecticide, respec-
tively. There were no significant differences between the 
two treatments. The reducing effect appeared similar at the 
different sampling dates (Fig. 2B).

T r i a l  3 :  The treatment of stinging nettle with 
glyphosate had a significant effect on H. obsoletus emer-
gence. The April and May timings significantly reduced 
the catches, considering both cumulative data (Fig. 3A) 
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and single sampling dates (Fig. 3B). The April application 
was significantly preferable to the others with the excep-
tion of the May application (Fig. 3B). The July timing did 
not differ from the control based on cumulative catches 
(Fig. 3A) or on the single sampling dates (Fig. 3B). The 
June application did not reduce significantly the cumula-
tive catches in comparison with the control (Fig. 3A), but 
it showed significantly lower catches than the control a 
month after treatment, indicating that a reducing effect on 
the planthopper population occurs during the last part of 
the adult emergence period (Fig. 3B). 

T r i a l  4 :  The treatments of stinging nettle with 
glyphosate had a significant effect on H. obsoletus emer-
gence. The autumn timing reduced the catches to the same 
level as the April timing both considering cumulative data 
(Fig. 4A) and single sampling dates (Fig. 4B). 

T r i a l  5 :  The insecticide treatment with neonicoti-
noids in early June, before the beginning of H. obsoletus 
emergence, significantly reduced the cumulative catches 
of vector adults in comparison with the control (Fig. 5A). 
However, the effect was significantly lower than that of 
glyphosate applied in April considering both cumulative 
data (Fig. 5A) and single sampling dates (Fig. 5B). 

Discussion

Our experiments showed that chemical weeding is 
effective to reduce H. obsoletus populations only when 
herbicides are applied in autumn or in early spring and 
systemic insecticides applied on nettle foliage are able to 
control the vector by killing the root feeding nymphs. The 
trials conducted both in Italy and Germany showed con-
sistent results. 

The chemical weeding resulted in a significant and, 
in regard to practical purposes, sufficient reduction of the 
density of emerging adult vectors. However, reducing the 
vector’s abundance by depriving its nymphs of their food 
source can only be effective if the immature stages are not 
able to complete their development to adults. The correct 
timing of the herbicide application is therefore crucial for 
the efficiency of the treatment. The efficacy was optimal 
with early application dates in spring and with the autumn 
application of the herbicide. At these dates, the H. obso-
letus populations were in the third and fourth instar of the 
nymphal development (KAUL et al. 2009, CARGNUS et al. 
2012). It can be supposed that application dates close to 
the time of adult emergence result in a damage of the sting-
ing nettle that is behind the time to prevent the majority 
of the nymphs from completing their development. In trial 

Fig. 1: Catches of H. obsoletus on yellow sticky traps positioned 
above nettle bushes treated with a combination of herbicides 
(glyphosate and flazasulfuron) or untreated (A = cumulative 
catches over time, B = catches over time). In Fig. 1A error bars 
indicate standard error and different capital letters above col-
umns indicate statistical differences (α = 0.01) (F (1.14) = 4.65; 
P < 0.05). In Fig. 1B different small letters between control and 
treatment at the respective sampling date indicate statistical dif-
ferences (α = 0.05).

Fig. 2: Catches of H. obsoletus in emergence traps in the con-
trol and in the treatments characterised by the combined use of 
glyphosate and flazasulfuron (Herbicide) or imidacloprid (Insec-
ticide) (A = cumulative catches over time, B = catches over time). 
In Fig. 2A error bars indicate standard error and different small 
letters above column indicate statistical differences (α = 0.05) 
(F (2,9) = 5.47; P < 0.05).
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3 the herbicide treatment in mid of June was carried out 
when some nymphs were already at the last (fifth) instar. 
Consequently, there was no effect observed at the begin-
ning of the emergence period, but a significant reduction 
of the number of late emerging adults. It can be concluded 
from this observation that herbicide treatments should be 
applied before the vector’s development has proceeded to 
the fifth instar. In the case of the geographic regions in It-
aly and Germany where the experiments were carried out, 
herbicide treatments are therefore advisable before mid 
May. Autumn and early spring applications led to compa-
rable results. The choice between the two options should 
be made according to agronomic and environmental con-
siderations. 

The corresponding results derived from the experi-
ments in both countries contradict those reported by KE-
HRLI and DELABAYS (2012) for Switzerland, who suggested 
that their glyphosate application did not kill nettle roots 
and therefore did not affect H. obsoletus emergence. How-
ever, we observed a permanent effect of the herbicide treat-
ments on nettle, since the treated plots remained free from 
sprouting nettle vegetation. Differences in application rates 
of the herbicides or the susceptibility of nettle populations 
might explain the contrasting results in nettle control ef-

ficiency. On the other hand, the lack of significant effects 
on H. obsoletus in the Swiss study could also be due to the 
low overall density of the vector in the experimental plots 
(KEHRLI and DELABAYS 2012). 

Although nettle is growing in high abundance mainly 
at the vineyard borders, nettle bushes are also scattered in-
side the vineyards. Selective herbicide treatments of indi-
vidual nettle bushes were less effective than the treatment 
of continuous nettle stands. However we achieved a signif-
icant reduction of the numbers of H. obsoletus adults. Se-
lective point applications are therefore advisable to reduce 
infection pressure at hot spots inside the vineyards without 
damaging the additional vineyard vegetation or managed 
green cover.

Insecticide application resulted in a reduction of emerg-
ing adult vectors in both experimental setups. The effect of 
mid-spring insecticide applications is comparable to her-
bicide and therefore it is a viable control measure. How-
ever, the late application of neonicotenoid insecticides was 
less effective than mid-spring weeding, but still reduced 
the number of emerging adults significantly. They might 
therefore be considered as an “emergency measure”. 

The efficacy of neonicotinoids against H. obsoletus 
nymphs is likely based on their systemic activity, so it can 

Fig. 3: Catches of H. obsoletus on yellow sticky traps in emer-
gence cages and in the treatments characterised by different tim-
ings of glyphosate application (A = cumulative catches over time, 
B = catches over time). In Fig. 3A error bars indicate standard 
error and different small letters above column indicate statistical 
differences (α = 0.05) (F (4,24) = 9.90; P < 0.001). In Fig. 3B dif-
ferent small letters among treatments at the respective sampling 
date indicate statistical differences (α = 0.05).

Fig. 4: Catches of H. obsoletus on yellow sticky traps in emer-
gence cages in the treatments characterised by two different tim-
ings of glyphosate application (A = cumulative catches over time, 
B = catches over time). In Fig. 4A error bars indicate standard 
error and different small letters above column indicate statistical 
differences (α = 0.01) (F (2,14) = 19.63; P < 0.001). In Fig. 4B 
different small letters among treatments at the respective sam-
pling date indicate statistical differences (α = 0.05).
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be expected that the active ingredient will move from the 
sprayed aerial parts to the roots of stinging nettle where 
it is ingested by H. obsoletus nymphs that feed on the 
phloem. This hypothesis contrasts with the poor phloem 
translocation of neonicotinoids (MAIENFISCH et al. 2001, 
SUR and STORK 2003). Some authors (JESCHKE et al. 2011, 
VAN TIMMEREN et al. 2011, STONER and EITZER 2012) hy-
pothesized that neonicotinoids deposited at the soil after 
spraying the leaf surface could be absorbed by the roots. 
Further studies are necessary to understand which mecha-
nism is involved. 

The neonicotinoid strategy implies the risk of negative 
effects on honeybees because these insecticides are trans-
located into plant pollen and nectar after being adsorbed by 
aerial vegetation or roots (STONER and EITZER 2012). There-
fore, in countries where the use of neonicotinoids could be 
an option for H. obsoletus control, it has to be accompanied 
by frequent mowing of the flowering vegetation. Regard-
ing the use of neonicotinoids in Italian vineyards to con-
trol Scaphoideus titanus (PAVAN et al. 2005), side effects 
on H. obsoletus can be expected. In particular, in young 
plantings and on vertical training systems with vegetation 
close to the soil surface, as well as when shoots growing on 
vertical cordons have to be sprayed, there is the possibility 

that the insecticide would also be sprayed onto the stinging 
nettle grown along grapevine rows. 

The prevention of grapevine Bois noir infection de-
pends on indirect measures targeting the host plants as res-
ervoirs and the immature vectors as vehicles of the inocu-
lum. The widespread occurrence of the host plant-vector 
system in the vineyard agroecosystem, although rarely in 
the vineyards themselves, is a further obstacle to an effi-
cient reduction of infection pressure. Neonicotinoid insec-
ticides proved to be efficient even if applied shortly be-
fore the emergence of adult vectors, when the window for 
chemical weeding is closed. In any case, autumn or spring 
herbicide applications to control nettle appears the more 
practical measure to reduce H. obsoletus populations, with 
respect to efficiency as well as probable side effects to the 
vineyard agroecosystem. However, the use of herbicides 
for stinging nettle control along ditches and hedgerows is 
not always feasible because of possible negative effects on 
contiguous crops and the potential risk of water contamina-
tion. Mechanical weeding based on soil tilling is also not 
applicable on ditches because of soil landslide that reduces 
their bearing capacity. To avoid undesirable side effects 
of these cultural practices, frequent cuts of ditch vegeta-
tion have been considered as an alternative (MORI et al. 
2012). Unfortunately, frequent cuts do not result in a rapid 
and direct control of stinging nettle, because its reduc-
tion is a consequence of the scarce capacity to withstand 
multiple cuts. Thus, a complete control of stinging nettle 
is expected only over a long time period. Consequently, 
the nymphs of H. obsoletus can continue to feed on roots 
after cuts and adult emergence is not prevented. In particu-
lar, the higher the frequency of cuts, the higher the reduc-
tion of the above-ground part of the stinging nettle plants 
and, as a consequence, the higher propensity of the vectors 
emerging from roots to colonize the vineyards (MORI et al., 
submitted). In Integrated Pest Management context, con-
sidering the environmental negative effects of herbicides 
and the slower control of stinging nettle by frequent cuts 
in comparison with chemical weeding, frequent cuts and 
occasional selective herbicide applications could be com-
bined to an integrated control strategy of stinging nettle as 
a host of H. obsoletus.
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sampling date indicate statistical differences (α = 0.05).



 Control of Hyalesthes obsoletus nymphs based on chemical weeding 109

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

BAE, S. D.; KIM, D. K.; PARK, E. H.; JUNG, Y. T.; 1992: Effect of insec-
ticides applied to rice seedling boxes to control the small brown 
planthopper, Laodelphax striatellus Fallen. Research Reports of the 
Rural Development Administration, Crop Prot. 34, 35-39. 

BARIC, S.; DALLA VIA, J.; 2007: Temporal shift of Bois noir phytoplasma 
types in South Tyrol (Northern Italy). Vitis 46, 101-102.

BERTIN, S.; PICCIAU, L.; ÀCS, Z.; ALMA, A.; BOSCO, D.; 2010: Molecular 
identification of the Hyalesthes species (Hemiptera: Cixiidae) occur-
ring in vineyard agroecosystems. Ann. Appl. Biol. 157, 435-445.

BRČAK, J.; 1979: Leafhopper and planthopper vectors of plant disease 
agents in central and southern Europe. In: K. MARAMOROSCH, K. F. 
HARRIS (Eds): Leafhopper vectors and plant disease agents, 97-154. 
Academic Press, London.

BRESSAN, A.; TURATA, R.; MAIXNER, M.; SPIAZZI, S.; BOUDON-PADIEU, E.; 
GIROLAMI, V.; 2007: Vector activity of Hyalesthes obsoletus living on 
nettle and transmitting a stolbur phytoplasma to grapevines: a case 
study. Ann. Appl. Biol. 150, 331-339.

CARGNUS, E.; PAVAN, F.; MORI, N.; MARTINI, M.; 2012: Identification and 
phenology of Hyalesthes obsoletus (hemiptera: Auchenorrhyncha: 
Cixiidae) nymphal instars. Bull. Entomol. Res. 102, 504-514.

CAVALLINI, G.; CASTIGLIONI, A.; BORTOLOTTI, P.; MORI, N.; NICOLI ALDINI, 
R.; BOTTI, S.; MALOSSI, A.; BERTACCINI, A.; 2003: Flavescenza dorata 
e legno nero in vigneti del Modenese. Inf. Agr. 59, 69-71.

CAUDWELL, A.; 1961: Etude sur la maladie du Bois noir de la vigne: ses 
rapports avec la Flavescence dorée. Ann. Epiphyt. 12, 241-262.

CREDI, R.; 1989: Grapevine flavescence dorée in Emilia-Romagna: evolu-
tion of the disease in plants and its effects on yield and vegetation. 
Phytopathol. Mediterr. 28, 113-121.

CREDI, R.; TERLIZZI, F.; CRICCA, L.; DRADI, D.; 2004: Epidemiologia del 
legno nero della vite. Inf. Agr. 60, 72-75.

GARAU, R.; SECHI, A.; PROTA, V. A.; MORO, G.; 2007: Productive param-
eters in Chardonnay and Vermentino grapevines infected with “bois 
noir” and recovered in Sardinia. Bull. Insectol. 60, 233-234.

HOLZINGER, W. E.; KAMMERLANDER, I.; NICKEL, H.; 2003: The Auchenor-
rhyncha of Central Europe – Die Zikaden Mitteleuropas. Vol. 1: 
Fulgoromoropha, Cicadomorpha excl. Cicadellidae. Brill, Leiden, 
The Netherlands.

KAUL, C.; SEITZ, A.; MAIXNER, M.; JOHANNESEN, J.; 2009: Infection of 
Bois-Noir tuf-type-I stolbur phytoplasma in Hyalesthes obsoletus 
(Hemiptera: Cixiidae) larvae and influence on larval size. J. Appl. 
Entomol. 133, 596-601.

KEHRLI, P.; DELABAYS, N.; 2012: Controlling ‘bois noir’ disease on grape-
vine: does the timing of herbicide application affect vector emer-
gence? J. Appl. Entomol. 136, 234-237.

KESSLER, S.; SCHAERER, S.; DELABAYS, N.; TURLINGS, T. C. .J.; TRIVELLONE, 
V.; KEHRLI, P.; 2011: Host plant preferences of Hyalesthes obsoletus, 
the vector of the grapevine yellows disease ‘bois noir’, in Switzer-
land. Entomol. Exp. Appl. 139, 60-67.

JESCHKE, P.; NAUEN, R.; SCHINDLER, M.; ELBERT, A.; 2011: Overview of the 
status and global strategy for neonicotinoids. J. Agric. Food Chem. 
59, 2897-2908.

JIANZHONG, S.; JICHAC, F.; LIRU, X.; JINSHENG, Y.; XUESHENG, S.; 1996: 
Studies on the insecticidal activity of imidacloprid and its applica-
tion in paddy fields against the brown planthopper, Nilaparvata lu-
gens (Homoptera: Delphacidae). Acta Entomol. Sin. 39, 37-45. 

JOHANNESEN, J.; LUX, B.; MICHEL, K.; SEITZ, A.; MAIXNER, M.; 2008: Inva-
sion biology and host specificity of the grapevine yellows disease 
vector Hyalesthes obsoletus in Europe. Entomol. Exp. Appl. 126, 
217-227.

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.

LANGER, M.; DARIMONT, H.; MAIXNER, M.; 2003: Control of phytoplasma 
vectors in organic viticulture. IOBC/WPRS Bull. 26, 197-202.

LESSIO, F.; TEDESCHI, R.; ALMA, A.; 2007: Presence of Scaphoideus titanus 
on American grapevine in woodlands, and infection with “flaves-
cence dorée” phytoplasmas. Bull. Insectol. 60, 373-374.

MAIENFISCH ,P.; ANGST, M.; BRANDL, F.; FISCER, W.; DIETER, H.; KAYSER, H.; 
KOBEL, W.; RINDLISBACHER, A.; SENN, R.; STEINEMANN, A.; WIDMER, 
H.; 2001: Chemistry and biology of thiamethoxam: a second genera-
tion neonicotinoid. Pest. Manag. Sci. 57, 906-913.

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

MAIXNER, M.; 2007: Biology of Hyalesthes obsoletus and approaches to 
control this soilborne vector of Bois noir disease. IOBC/WPRS Bull. 
30, 3-9.

MAIXNER, M.; 2010: Phytoplasmas epidemiological systems with multi-
ple plant hosts. In: P. G. WEINTRAUB, P: JONES (Eds): Phytoplasmas: 
Genomes, Plant hosts and Vectors, 213-232. CABI Publishing, Wall-
ingford, UK.

MAIXNER, M.; LANGER, M.; 2006: Prediction of the flight of Hyalesthes 
obsoletus, vector of stolbur phytoplasma, using temperature sums. 
IOBC/WPRS Bull. 29, 161-166.

MAIXNER, M.; GERHARD, Y.; KRÖHNER, D.; 2010: Field trials to study the 
efficiency of weed control in reducing the density of adult Hyal-
esthes obsoletus. In: Proceedings of current status and perspectives 
of phytoplasma disease research and management, 87. Cost meet-
ing, Sitges, Spain, 1-2 Feb 2010.

MORI, N.; MILANESI, L.; BONDAVALLI, R.; BOTTI, S.; 2005: Prove di con-
tenimento del Legno nero della vite. Petria 15, 137-140.

MORI, N.; PAVAN, F.; BONDAVALLI, R.; REGGIANI, N.; PALTRINIERI, S.; BERT-
ACCINI, A.; 2008: Factors affecting the spread of “Bois Noir” disease 
in north Italy vineyards. Vitis 47, 65-72.

MORI, N.; PAVAN, F.; REGGIANI, N.; BACCHIAVINI, M.; MAZZON, L.; PAL-
TRINIERI, S.; BERTACCINI, A.; 2012: Correlation of bois noir disease 
with nettle and vector abundance in northern Italy vineyards. J. Pest. 
Sci. 85, 23-28.

PAVAN, F.; 1989: Possibilità di controllo dei potenziali vettori dell’agente 
della flavescenza dorata. Inf. Agr. 45, 55-61.

PAVAN, F.; CARRARO, L.; GIROLAMI, V.; OSLER, R.; REFATTI, E.; 1989: Nuove 
risultanze sperimentali sulla flavescenza dorata della vite acquisite 
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.; GIROLAMI, V.; 2005: Controllo di FD attraverso la lotta contro 
il vettore Scaphoideus titanus Ball. In: A. Bertaccini e P. Braccini 
(eds), Flavescenza dorata e altri giallumi della vite in Toscana e in 
Italia. Quaderno ARSIA 3/2005, 91-116.

PAVAN, F.; MORI, N.; BRESSAN, S.; MUTTON, P.; 2012: Control strategies for 
grapevine phytoplasma diseases: factors influencing the profitability 
of replacing symptomatic plants. Phytopathol. Mediterr. 51, 11-22.

SFORZA, R.; BOUDON-PADIEU, E.; 1998: Le principal vecteur de la maladie 
du Bios noir. Phytoma 510, 33-37.

SFORZA, R.; CLAIR, D.; DAIRE, X.; LARRUE, J.; BOUDON-PADIEU, E.; 1998: 
The role of Hyalesthes obsoletus (Hemiptera: Cixiidae) in the oc-
currence of bois noir of grapevines in France. J. Phytopathol. 146, 
549-556.

SUR, R.; STORK, A; 2003: Uptake, translocation and metabolism of imida-
cloprid in plants. Bull. Insectol. 56, 35-40.

STARK-URNAU, M., KAST, W. K.; 2008: Maßnahmen zur Eindämmung des 
Brennnesseltyps der Schwarzholzkrankheit bei Weinreben (Vitis 
vinifera). Gesunde Pflanzen 60, 85-89.

STONER, K. A.;  EITZER, B.D.; 2012: Movement of soil-applied imidaclo-
prid and thiamethoxam into nectar and pollen of squash (Cucurbita 
pepo). PloS ONE 7, e39114.

VAN TIMMEREN, S.; WISE, J. C.; ISAACS, R.; 2011: Soil application of neoni-
cotinoids insecticides for control of insect pests in wine grape vine-
yards. Pest. Manag. Sci. 68, 537-542.

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 July 24, 2013




