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Abstract

Vineyard green cover management, within the vine row, in interrows and also in the surrounding areas
significantly affects vigor, yield performance and health of vines. The current study compares relatively
new devices on the market for under-vine care based on the use of high voltage electricity (Zasso) and
high-pressure water jets (Grasskiller) with mechanical management methods and a glyphosate-free
chemical treatment. In terms of overall coverage, the mechanical devices inter-vine blade (Clemens,
Wittlich, Germany) and Tournesol (Pellenc, Frankreich) gave the best results, followed by electrical
application, in terms of vegetation height, all treatments were comparably effective. The study also
recorded the effect of the measures against field bindweed (Convolvulus arvensis), which is a difficult-
to-control vineyard weed, but also a crucial source of Stolbur Phytoplasma ‘Candidatus Phytoplasma
solani’. All under-vine treatments favoured field bindweed density, compared to the untreated control,
with weed control using a high-pressure water jet performing worst. Overall, the experiments revealed
no decisive advantages of electric weeding or high-pressure jets compared to conventional mechanical
methods. The present study also included trials to reduce field bindweed density in vineyard interrows
by means of seeded cover crop and cereal straw mulch, and around vineyards and along roadsides by
largely reducing tillage (leaving the green cover long). In summary, the trials showed that competition
and shading by other plant species was the most effective way of reducing field bindweed density.
In order to keep the stolbur infection pressure on the vines as low as possible, it is therefore advisable
to manage the green cover so that the field bindweed is shaded as much as possible. At the same time,
however, competition between the vine and the greening, e.g., during dry periods, must be kept in
mind.

Keywords: Green cover management, weed control, high-pressure water jet, power application, field
bindweed, Convolvulus arvensis, Stolbur, Bois Noir

Zusammenfassung

Untersuchung zum Begriinungsmanagement in Weingarten unter besonderer Beriicksichtigung der
Ackerwinde (Convolvulus arvensis). Die Begriinungspflege in der Rebzeile, in der Fahrgasse und auch
auf Flachen rund um Weingérten spielt eine wichtige Rolle fiir die Wiichsigkeit, die Ertragsleistung und
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die Gesundheit von Reben. In der hier dargestellten Studie wurden relativ neu am Markt befindliche
Geréate zur Unterstockpflege, basierend auf Hochspannungs-Stromanwendung (Zasso) und Hochdruck-
wasserstrahl (Grasskiller) mit mechanischen Methoden und einer glyphosatfreien chemischen Unter-
stockbehandlung verglichen. Betreffend den Gesamtdeckungsgrad erzielten die mechanischen Gerate
Flachschar (Clemens, Wittlich, Deutschland) und Tournesol (Pellenc, Frankreich) die besten Ergebnisse,
gefolgt von Stromanwendung, im Hinblick auf die Begriinungshéhe waren alle Behandlungen vergleich-
bar effektiv. Ebenso erfasste die Studie die Wirkung der MaRnahmen gegen die Ackerwinde (Convolvu-
lus arvensis), einerseits ein schwer zu bekdmpfbares Weingartenunkraut, zusatzlich aber noch Zwi-
schenwirt fur das Stolbur Phytoplasma ,Candidatus Phytoplasma solani‘. Im Vergleich zur unbehandel-
ten Kontrolle wirkten sich alle MalRnahmen unglinstig auf die Ackerwindendichte im Unterstockbereich
aus, am schlechtesten schnitt die Behandlung mittels Hochdruck-Wasserstrahl ab. Insgesamt wurden
keine entscheidenden Vorteile der Strom- bzw. Hochdruckstrahlanwendung im Vergleich zu herkdémm-
lichen mechanischen Methoden beobachtet. Die vorliegende Studie umfasste zudem Versuche, die
Ackerwinde in den Fahrgassen mittels eingesater Begriinung und Stroheinbringung, rund um Weingar-
ten bzw. am StraBenrand auch durch weitgehende Reduktion der Bearbeitung (Langlassen der Begri-
nung) einzuddammen. Zusammenfassend zeigten die Versuche, dass Konkurrenz und Beschattung durch
andere Pflanzenarten die Ackerwindendichte am effektivsten reduzierte. Um den Stolbur-Infektions-
druck flr die Reben moglichst gering zu halten, ist daher ein Begriinungsmanagement, das eine mog-
lichst weitgehende Beschattung der Ackerwinde ermoglicht, anzuraten. Gleichzeitig missen aber Kon-
kurrenzsituationen zwischen der Rebe und der Begriinung, z.B. in Trockenphasen, im Blick behalten
werden.

Schlagwérter: Begriinungsmanagement, Unkrautbekampfung, Hochdruckwasserstrahl, Stromanwen-
dung, Ackerwinde, Convolvulus arvensis, Stolbur, Bois Noir

Introduction

Naturally grown or sown vegetation fulfills a vari- The composition of the weed flora in a vineyard
ety of functions in vineyards. Among them are depends on natural factors such as climatic condi-
protection against erosion, amendment of soil tions and soil type, but also, to a large extent, on
with organic matter, increasing pore formation, vineyard management. Among the weeds fre-
improving gas exchange and infiltration capacity, quently found in vineyards in temperate areas
storage or input of nutrients through nitrogen are annual or bi-annual species growing from
fixing legumes and improved trafficability. In ad-  seed such as such as Solanum nigrum, Stellaria
dition, green cover improves the biological di- media, Sinapis arvensis, Capsella bursa pastoris,
versity by providing food for a variety of species, Amaranthus retroflexus, Galium aparine, Polygo-
not least for beneficials. However, plant species  num aviculare Sonchus arvensis or Fumaria offici-
in the greening of a vineyard can become weeds. nalis. Other weed species are perennial and often
The green cover may compete with the vines for  possess deep reaching root systems such as Lepid-
water or nutrients or promote disease infection ium draba, Convolvulus arvensis, Taraxacum spp.,
of the vines, e.g. by increasing the humidity or  Elymus repens and thistles like Cirsium arvense
hosting pathogens (Abad et al., 2021ab for re- (wein.plus, 2025).

view; Griesser et al., 2022ab, for review; Teasdale,

2003). The commonly used trellised planting systems in
vineyards require different green cover manage-
ment for the areas under the vines and those

162



Mitteilungen Klosterneuburg 75 (2025): 161-183

between the rows. Undervine management may
be carried out by cultivation, mowing, mulching of
a naturally established or seeded green cover or
the use of herbicides at specific times during the
vegetation period. Traditionally, weeds within the
rows have been controlled by cultivation, by hand,
by horse drawn ploughs and later mechanical
weeding tools. From the 1970s onwards, with the
introduction of glyphosate, the use of herbicides
became the most common strategy for under-vine
weed control worldwide (Duke et al., 2018; French
Wine and Vine Institute, 2021). Nowadays, how-
ever, the use of herbicides in general is controver-
sial in society. Glyphosate has been linked to hu-
man cancer and adverse effects on the environ-
ment and several initiatives are calling for its ban.
So far, though, the European Commission saw nei-
ther sufficient scientific nor legal grounds justify-
ing a ban of glyphosate (Tarazona et al. 2017; Eu-
ropean Commission, 2023). In Austria, in addition
to glyphosate the active agents MCPA, flazasulfu-
ron, napropoamid, cyclocydim, and a biocontrol
product based on nonanaic acid (pelargonic acid)
are homologized for weed control, pyraflufen-
ethyl and carfentrazone-ethyl for de-suckering in
vineyards (BAES, 2025). Across all agricultural
crops, more than 30% of all pesticides used in the
EU-27 Member States during 2010-2019 were
herbicides. The premise for the reduction of
chemical synthetic herbicides, however, is the de-
velopment of adoption of suitable, practical alter-
native control strategies (Triantafyllidis et al.,
2023).

Inrecent years, further weed control strategies for
under-vine areas based on heat, electricity or
strong water jets have been developed. Thermal
weeding strategies killing weeds by high tempera-
ture proved effective but require a lot of time and
in most cases fossil fuel (French Wine and Vine In-
stitute 2021). In case of electric weeders, electrical
current is passed through the weeds from the
leaves to the roots, thereby destroying the plant
cells (Zasso, 2024a). According to the manufac-
turer, in Australian trials, the efficacy of the
electric weeding was comparable to the applica-
tion of glyphosate (Zasso, 2024b). Another new
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development for weed control in the under-vine
area is based on uprooting the weeds using a 1000
bar pressure water jet (Caffini, 2024). What the
last two methods have in common is that hardly
any trials have been carried out on their efficacy.
In a recent study, a newly developed sprayable,
self-hardening mulch material based on renewa-
ble raw materials (mainly rapeseed oil, starch and
sodium alginate) was tested for its potential for
weed control under vines and fruit trees. The
treatment achieved good control after application
(up to 97%), but it showed weaknesses in control
of weeds with extensive root systems (e.g. Cirsium
arvense or Convolvulus arvensis) or on sites with
high weed pressure (Follak et al., 2024). Experi-
ments studying seeded or natural under-vine
vegetation revealed that a green cover beneath
the vines may provide protection against the force
of raindrops and in consequence soil degradation,
enhance microbial diversity in the soil and reduce
bunch rot (Vanden Heuvel et al. 2021, for review).
A recent case study reported that a permanent
green cover under the vines promotes soil micro-
bial activity, reduces soil water content in a depth
of 11-20 cm and berry and pruning wood weights
and has no effect on total soluble solids and titrat-
able acidity (Griesser et al., 2022b).

In vineyard interrows, green cover management
heavily depends on the climatic conditions and the
tradition of the respective wine-growing region as
well as on the farming method, the slope inclina-
tion and the mechanical equipment of the specific
winery (Griesser et al.,, 2022a). Frequently used
cover crop species include cereals, legumes and
brassicas as well as e.g. buckwheat (Goldammer,
2021). In most cases, annual cover crops are cho-
sen. Winter annual cover crops, protecting the soil
in the winter months are sown in fall, produce
biomass in fall and spring and are removed by
bending, mowing or tillage in late spring or sum-
mer. Some annual species are killed by frost and
are therefore sown in early spring. Perennial spe-
cies are in most cases used for deep and fertile
soils, e.g. to reduce the growth of the vines or on
fallows adjacent to vineyards (Goldammer, 2021).
In addition to the above mentioned positive
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effects of green covers on e.g. biodiversity, bene-
ficials, soil aggregates, reduction of erosion, soil
temperature and greenhouse gas emission, green
covers can be effectively used to outcompete
vineyard weeds (Penfold and Collins, 2012). Cover
crops exclude light from the soil surface and com-
pete with weeds for nutrients, and some cover
crops negatively affect weeds through allelopathy.
Cover crop residues on the soil surface can directly
supress weed growth (Teasdale, 2003).

One weed species that regularly occurs in vine-
yards is C. arvensis (field bindweed). Due to its
deep and far-reaching root system and its drought
tolerance field bindweed is among the most resil-
ient weeds. The carbohydrate reserves in its root
system allow it to regrow from vegetative propa-
gules and even through mulch. The plant species
directly competes with the vines for water and nu-
trients, and due to its vining habit, it might affect
the movement of machinery in the vineyard (Sim-
anonok et al., 2018; Sosnoskie et al., 2020). In ad-
dition to its competitive strength, field bindweed
plays a central role in the spread of ‘Candidatus
Phytoplasma solani’, the causal agent of the eco-
nomically relevant grapevine disease Bois Noir
(BN). This disease is characterised by discoloration
and rolling of leaves and a desiccation of flowers
or clusters. Lignification in fall is reduced, which
may lead to vine death in cold winters (Riedle-
Bauer et al., 2006, Aryan et al., 2014, Jovic et al.,
2019). All significant outbreaks of BN in vineyards,
reported in Central Europe so far, have been
linked to the planthopper Hyalesthes obsoletus
(Hemiptera, Cixiidae) as pathogen vector and two
weed species, namely C. arvensis and Urtica dioica
as pathogen sources. C. arvensis or U. dioica host
two discernible types of stolbur phytoplasmas and
each of the two species serves as the crucial path-
ogen reservoir in an independent epidemic cycle
(nettle and bindweed cycle, respectively). Inde-
pendent H. obsoletus populations, either develop-
ing on field bindweed or on stinging nettle, act as
pathogen vectors in each epidemic cycle. H. obso-
letus instars developing on the roots of field bind-
weeds or nettles take up the phytoplasma and be-
come infectious during their development into
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adults. The adult planthoppers are polyphagous
and due to their probing and feeding behavior
they distribute the pathogen to a wide range of
crop species. In addition to H. obsoletus, depend-
ing on the epidemic cycle and the affected crop
species, other Cixiid planthoppers, as well as some
leafhoppers of the family Cicadellidae are proven
or putative pathogen vectors (Riedle-Bauer et al.,
2006; Riedle-Bauer et al., 2008; Aryan et al., 2014;
Jovic et al., 2019, for review; Mehle et al., 2022,
Riedle-Bauer and Brader, 2023). Phytoplasmas are
transmitted in a persistent propagative manner,
the phytoplasmas multiply in the insect vector
body before it becomes infectious (Weintraub and
Beanland, 2006, for review). The latency period,
required for a vector insect to become infectious,
takes several weeks, longer than the lifespan of
the adult H. obsoletus. In consequence, only plant
species, acting as hosts for insect development
and the phytoplasma, are epidemiologically rele-
vant for phytoplasma spread. Therefore, C. arven-
sis and U. dioica are the crucial sources of BN in
Central European vineyards (Jovic et al., for re-
view). In the course of recent years, global warm-
ing with hot and dry summers has greatly fa-
voured drought-tolerant weeds, particularly field
bindweed in vineyards, along roadsides and on
other sites with regular green cover management
(Riedle-Bauer, unpublished). A connection be-
tween hot and dry summers and rising H. obso-
letus populations was already observed in the
1950s (Wenzl, 1963).

In Austria, as stated above, currently, two wild
plant species, namely, C. arvensis and U. dioica are
the crucial dual hosts for the phytoplasma and H.
obsoletus instars, allowing the development of in-
fectious H. obsoletus adults. In consequence,
the suppression of these two species within and
around vineyards is a central aspect for BN
management in practice.

In the course of recent years, in Lower Austria and
Burgenland the warm and dry summers have
greatly increased field bindweed abundance.
Depending on the management of a vineyard and
its surroundings, the weed species finds suitable
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growing conditions under the vines, in the vine-
yard interrows, and in areas adjacent to vineyards,
such as roadsides, slopes or fallows. Successful
bindweed management is hampered by its exten-
sive root system, the capacity of vegetative repro-
duction through adventitious buds on roots and
root parts and long-lived seeds. Mechanical dis-
turbance such as mechanical weeding or mowing
may contribute to propagation by spreading of
vegetative propagules (Davis et al., 2018, Kopta et
al., 2024). Unsuitable measures may select exactly
this species and thus increase ‘Ca. P. solani’ infec-
tion pressure close to the vines (Bianco et al.,
2019).

The aim of the current study was to evaluate the
effect of vineyard green cover management strat-
egies with particular focus on field bindweed den-
sity. Strategies for under-vine management in-
cluded mechanical weeding, application of a high-
pressure water jet, electric weeding and chemical
control (without glyphosate). Green vegetation
surface cover, vegetation height and the coverage
of C. arvensis were assessed. In vineyard interrows
and in fallows adjacent to vineyards we studied
the effect of sowing of cover crop species and the
spreading of cereal straw on bindweed density.
The effect of different mulching intensity of
natural cover green on bindweed abundance was
evaluated in a vineyard fallow and along road-
sides.
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Material and Methods

Two vineyards were available for the experiments.
Both of them are located in Langenzersdorf and
were maintained by the Federal Institute and Re-
search Station for Viticulture and Pomology
Klosterneuburg. Vineyard 1 (Fig. 1; 48° 18' 39.2" -
48°18'38.3" N, 16°22'17.2" -16°22'23.1"E) is
predominantly characterised by highly calcareous
brown loam from clay slate with good supply, high
storage capacity, low permeability and slow water
movement (www.bodenkarte.at). In vineyard 2
(Fig. 2;48°18'42.9"-48°18'42.6" N, 16° 22' 25.8"
- 16° 22' 28.5" E) the soil predominantly consists
of moderately dry chernozem from calcareous
marl with high storage capacity and moderate per-
meability (www.bodenkarte.at). The annual pre-
cipitation at the test location reached 473 mm in
2022 and 639 mm in 2023. Precipitation from
April 1 to September 30 amounted to 358 mm in
2022 and 392 mm in 2023. The average tempera-
ture in this period was 17.8 °Cin 2022 and 18.2 °C
in 2023. Vineyard 1 was planted in 2001 with dif-
ferent red grape varieties on rootstock SO4, vine-
yard 2 was planted in 2005 with the variety Gelber
Muskateller on rootstocks SO4, K5BB, and R110.
The plant protection management followed the
guidelines of integrated production.

Under-vine management trials

The experiments were carried out in both vine-
yards mentioned above in 2023. The experimental
design included five different under the vine treat-
ments, i) mechanical weeding by inter-vine blade,
ii) electric weeding, iii) application of a high-pres-
sure water jet, iv) chemical control and v) un-
treated control in a randomized block design with
three repetitions per treatment and vineyard
(Tab. 1, Fig. 1 and 2).
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Tab. 1: Treatment variants in the under-vine area
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Treatment Manufacturer Driving speed  Dates of application
Inter-vine blade Clemens, Wittlich, 2 km/h Due to a technical
Germany default, only 2
applications,
May 23, July 26
Tournesol: Under- Pellenc, Santa Rosa, CA, 2 km/h May 02,
vine weeder USA June 02,
July 25
Graskiller: High Grasskiller, Caffini, 2 km/h April 20,
pressure water jet Verona, | June 06,
weeder July 19
Zasso XPS: High Zasso XPS, Zug, CH 2.5 km/h April 28,
voltage electric June 13,
weeder July 24
Chemical synthetic  Flazasulfuron April 24: Spraying device:
control (Katana, Certis- Katana 0.33kg/ha, Bauer,
(usual farm prac- Belchim, Gleisdorf, A) Centurion plus 1,5//ha  Obermarkersdorf
tice) Clethodim (Centurion June 28: Schrattenthal, A,

plus, Kwizda, Vienna, A)
Pyraflufen-ethyl
(Kabuki Go, Kwizda)
Cycloxydim (Focus
Ultra, BASF, Vienna, A)
wetting agent Silwet
top (BASF)

Kabuki Go 1%,

Focus ultra 21 /ha,

Volume of spray
liquid: 200 1/ ha
wetting agent Silwet

top (BASF) 0.1l/ ha

Untreated control

s J7

I
!

Map: https:/,

Fig. 1: Experimental vineyard 1: Site 1 of undervine management trials, site and arrangement of experiments on

Interrow: Winter rape

green cover management in vineyard interrows and fallow land.
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Fallow: Medicago sativa
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vineyard:
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Fig. 2: Experimental vineyard 2: Site 2 and arrangement of under-vine management trials.
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At five points in time, namely on May 09, June 01,
June 16, June 18 and July 11, the rate of total
green coverage was analysed visually placing an
estimation frame in the size of 40 x 40 cm with
subdivision into quarters into the under vine area
between two previously marked vines. The rate of
total green coverage of the test squares was visu-
ally assessed. On June 16, June 28 and July 11, in
addition, the maximum height of the under vine
vegetation inside the test frame was measured
with the help of a levelling rule and data were
rounded up to increments of 5 cm. At all sampling
dates (identical to assessment of cover rates), the
field bindweed abundance was visually classified
based to the scheme of Braun-Blanquet (1964),
but simplified and converted into ordinally scaled
data as follows:

0 absent

1 sparse with very low cover, 2-5 individuals
in the recording area

2 Moderate occurrence and covering less
than 5% of the area

3 Covering 5-25% of the area and any
number of individuals

4 Covering 25-50% of the recording area
and any number of individuals

5 Covering 50-75% of the recording area
and any number of individuals

6 Covering more than 75% of the recording
area and any number of individuals

Tab. 2: Treatment variants in the vineyard interrows

Riedle-Bauer et al.

Effect of green cover management in vine-
yard interrows and fallow land on bindweed
density

The experiments in vineyard interrows were
carried outin 2022 and 2023 (sowing date Novem-
ber 2021 and 2022) in vineyard 1 as outlined in
Fig. 1. The treatments i) winter rape, ii) winter
vetch/winter rye, iii) spreading of cereal straw and
iv) natural green cover were created. At the begin-
ning of June, the variants winter rape and winter
vetch/winterrye were bent using a roller to reduce
competition for water with the vines (Tab. 2). The
natural green cover variant was mulched approxi-
mately once a month (customary at the estate).
Experiments in the fallows around vineyard 1 took
place in 2020 and 2023 and included the variants
i) alfalfa (Medicago sativa) sown in 2019 at a sow-
ing rate of 100 kg/ha, mulched once per year in
September, ii) naturally established green cover
mulched to a height of 8-10 cm every 4 weeks and
iii) naturally established green cover mulched
once a year (in September) (Fig. 1). The effect of
the treatments on bindweed abundance was as-
sessed twice per vegetation period using the pro-
cedure for classification of field bindweed density
described above.

Green cover management in interrows

Green cover Sowing/spreading date

Sowing rate/amount Date of bending

Winter rape November 2021 and 2022

Beginning of June

15 kg/ha 2022 and 2023.

Winter vetch/

. November 2021 and 2022
winter rye

100 kg/ha rye,
+ 20 kg/ha winter vetch

Beginning of June
2022 and 2023.

November 16, 2021

Cereal straw November 10, 2022

22 t/ha
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Effect of mulching intensity on bindweed
density along roadsides

The experiments were carried out at in 2022 and
2023 at three locations in Weinviertel (Lower Aus-
tria). Test squares of 1 m? along the road were
mulched intensively to a height of approximately
8-10 cm using a gasoline-powered motorized
scythe or mulched extensively (once a year at end
of September) as specified below:

1) Maissau Griibern (48°33'13" -
48°33'14"N; 15°47'28" - 15°47'31" E)
Mulching 2022: every 14 days from June
to September
Mulching 2023: monthly from beginning
of June to end of September
three test repetitions with in each case
three intensively mulched and three
extensively mulched test plots
Simonsfeld (48°30'6" N; 16°20'28" E).
Mulching 2022: every 14 days from June

2)

to September

Mulching 2023: monthly from beginning
of June to end of September

one test repetition with in each case six
mulched and three extensively mulched
test plots

GroRnondorf (48°38'18" - 48°38'19" N;
15°59'20" E).

Mulching 2022 every 14 days from June

3)

to September

Mulching 2023 monthly from beginning
of June to end of September

three test repetitions with in each case
three mulched and three extensively
mulched test plots

Bindweed density was visually scored twice per
year (in GroRnondorf only once in 2023) according
to the classification scheme illustrated above.
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Statistical analysis

Data evaluation and statistical analyses were per-
formed using the software SPSS Statistics 29 (IBM,
Vienna, Austria). For analysis of under-vine treat-
ments we computed generalised linear models for
the response variables i) rate of total green cover
(in %), ii) height of green cover (in 5 cm incre-
ments) and iii) bindweed density (classified ac-
cording to the scheme presented above) using the
explanatory variables i) treatment, ii) vineyard
(1 or 2), ii) date of visual scoring, and the model
type Gamma with the link function Log.

Data of the experiments in vineyard interrows, fal-
lows and along roadsides were analysed (in sepa-
rate calculations) using generalized linear models
including bindweed density as response variable,
i) cover crop and ii) date of visual assessment as
explanatory variables, the distribution Poisson
and the link function Log.

In each model, data were analysed for the main
effects, post hoc analysis was carried out by aid of
Least significant difference (LSD) tests.
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Results

Under-vine management trials
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Fig. 3: Effect of treatments on median cover ratio under the vines the rows in vineyard 1.
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Fig. 4: Effect of treatments on median cover rate under the vines in vineyard 2.
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Fig. 5: Effect of treatments on median height of green cover within the rows in vineyard 1.
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Fig. 6: Effect of treatments on median height of green cover within the rows in vineyard 2.

As illustrated in Fig. 3 and 4 the median cover rate
was lower in all treatment variants than in the un-
treated control in both vineyards at all scoring
times, with the exception of the treatment
Grasskiller in vineyard 1. The statistical analysis
over all sampling dates and both vineyards,
proved a significant effect of the factor treatment
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on the green coverage (Wald x2=114.27, df=5;
p<0.001). A significantly reduced rate of green
coverage as compared to the untreated control
was computed for all

treatments, except

Grasskiller. Green coverage was significantly
lower in the treatments Zasso, inter-vine blade

and Tournesol than in the treatments chemical
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synthetic control and Grasskiller. In addition, the
model revealed a significant effect of the factor
vineyard on cover green rates, (Wald x2=36.84,
df=1; p<0.001), cover rates in vineyard 2 were sig-
nificantly lower than in vineyard 1. In addition, the
cover rate was influenced by the date of assess-
ment (Wald x2=19.94, df=4; p<0.001; Tab. 3).

Over both vineyards and all sampling dates, the
treatments affected the height of the green cover
beneath the vines (Fig. 5 and 6). Median height of
green covers (classified into 5 cm increments) in
both vineyards ranged between 10 and 40 cm in
all treatments whereas it was 30 to 90 cm in the
untreated control. Statistical analysis confirmed
the significant effect of the factor treatment on
the height of the green cover (Wald x2=166.58,
df=5; p< 0.001). All treatments significantly re-
duced cover green height as compared to the un-
treated control, with Tournesol, Grasskiller and
the inter-vine blade being the most effective.
Besides, the height of the green cover was af-
fected by the factor vineyard (Wald x2=16.02,
df=1; p< 0.001), lower heights were recorded in
vineyard 2. The date of visual assessment had no
effect (Tab. 3).
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A medium to high bindweed density under the
vines was recorded in both vineyards over the en-
tire test period in all treatments. In vineyard 1,
test areas with a coverage of more than 50% were
regularly observed from June 1 onwards. In gen-
eral, vineyard 2 had lower bindweed densities, but
also in this vineyard coverage rates classified into
category 3 (of 5-25% of the area covered with field
bindweed) were also observed in all treatment
variants (Fig. 7 and 8). The generalized linear
model including both vineyards and all scoring
dates indicated a significant effect of the factors
treatment (Wald x2=16.34, df=5; p= 0.006), vine-
yard (Wald x2=131.60, df=1; p< 0.001) and scoring
date (Wald x2=75.35, df=4; p<0.001) on bindweed
abundance. The post hoc analysis revealed a sig-
nificantly lower bindweed density in the control
plots as compared to plots managed with inter-
vine blade, Grasskiller, Tournesol and Zasso. No
statistically significant difference was indicated
between the control treatment and the chemical
weed control. Bindweed density was significantly
lower in vineyard 2 (Tab. 3).
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Fig. 7: Effect of treatments on bindweed abundance under the vines in vineyard 1
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Fig. 8: Effect of treatments on bindweed abundance under the vines in vineyard 2.

Tab. 3: Description of general models calculated for the under-vine experiments.

Description of model

Under-vine experiments

Pairwise comparison (LSD) of treatments

(estimated marginal means)

Rate of total green cover (%)

Treatment 114.27 <0.001 5 Tourneso1? (25.19%), inter-vine blade3 (26.49%),
Zasso® (35.17%), Chem-synth.€ (56.79%),
Grasskiller® (58.33%), Control® (93.90%)

Dependant variable/Factors Wald x> p df

Vineyard 36,84 <0.001 1 Vineyard 1%: (56.97%), vineyard 2° (34.05%)
Date of visual scoring 19.94 <0.001 4

Height of green cover (cm)
Treatment 166.58 <0.001 5 Tournesol? (16.77cm), inter-vine blade? (18.93 cm),

Grasskiller? (19.32cm), Zasso?® (20.41 cm),
Chem-synth. (28.67cm), Control®(54.49 cm)
Vineyard 16.02 <0.001 Vineyard 1%: (27.31cm), vineyard 2° (21.25 cm)

Date of visual scoring 2.40 n.s.

Bindweed density according to classification scheme
Treatment 16.34 0.006 5 Control?(0.82), Chem-synth.2® (0.98),
Zasso®(1.13), inter-vine blade®* (1.21),
Grasskiller® (1.39), Tournesol® (1.32).
Vineyard 131.60 <0.001 1 Vineyard 1%: (1.98), vineyard 2° (0.64)
Date of visual scoring 75.34 <0.001 4

Photographs of the understock areas treated with high pressure water jet (Grasskiller) and electricity
(Zasso) are shown in Fig. 9 and 10.
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Fig. 9: Effect of weeding by high pressure water jet (Grasskiller device) in the under-vine area, A: on June 02 in
vineyard 2, B: on June 28 in vineyard 1 (treatment on June 06).

Fig. 10: Effect of electric weeding (Zasso) on June, 28, 2023. A: in vineyard 1, B: in vineyard 2 (treatment on
June 13).
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Effect of green cover management in

vineyard interrows and fallow land on

bindweed density

The effect of cover management in vineyard inter-
rows on bindweed abundance in 2022 and 2023 is
outlined in Fig. 11. The lowest bindweed abun-
dances were recorded on June 16 and July 11 2023
in the variants sown with vetch-rye and winter
rape. Statistical analysis over all scoring dates
proved a significant effect of the factor treatment
on the bindweed abundance (Wald x2=16.48 df=3;
p<0.001), and confirmed the lower bindweed
abundance in interrows greened with vetch-rye
and winter rape as compared to the regularly
mulched natural green cover and cereal straw.
Furthermore, the factor date of visual scoring sig-
nificantly influenced bindweed presence (Wald
x2=26.87, df=3; p<0.001) with higher bindweed
abundance in 2022 (Tab. 4).
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In the vineyard fallow, the cultivation of alfalfa
(Medicago sativa) largely supressed bindweed.
Regularly mulched areas had a higher bindweed
density than areas that were mulched once a year
only (Fig. 12). Both observations were also
confirmed by the generalized linear model (Wald
¥2=91.83 df=2; p<0.001). Bindweed density in the
fallow was in addition influenced by the date of
the visual scoring (Wald x2=43.9926.87 df=3;
p<0.001) (Tab. 4).
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Fig. 11: Effect of green cover management on bindweed density in the vineyard interrow area.
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Fig. 12: Effect of green cover management on bindweed density in the vineyard fallow area.

Tab. 4: Description of general models calculated for the effect of interrow and fallow management on
field bindweed abundance.

Green cover in vineyard interrows

Pairwise comparison (LSD) of treatments

H 2
Dependant variable/Factors Wald x P (estimated marginal means)

Bindweed density according to classification scheme

Green cover treatment 16.48 <0.001 3  Vetch-rye (1.21)?, winter rape (1.27)%,
cereal straw (1.60), natural green cover (1.90)°

Date of visual scoring 14,20 0.003

Fallow management

Pairwise comparison (LSD) of treatments

H 2
Dependant variable/Factors Wald x ¢} (estimated marginal means)

Bindweed density according to classification scheme
Green cover treatment 91.83 <0.001 2 Alfalfa (0.09)?, natural green cover mulched 1x
per year (0.89)®, natural green cover,
regularly muched (2.21)¢

Date of visual scoring 43.99 <0.001 3
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Effect of mulching intensity on bindweed
density along roadsides

Intensive mulching increased the abundance of
field bindweed along roadsides at all test sites in
both trial years (Fig. 13). This observation was con-
firmed by the statistical analysis (Wald x2=41.12,
df=1; p<0.001; pairwise comparison of treatments
(LSD) and estimated marginal means: regularly
muched 0.55%, mulched 1x per year 1.52°).

Riedle-Bauer et al.

significant differences between the test locations
(Wald x2=13.77, df=2; p<0.001; pairwise compari-
son of treatments (LSD) and estimated marginal
means: Simonsfeld 0.652, GroRnondorf 0.90%,
Griibern 1.33°) and the dates of inspection in
respect to field bindweed density (Wald x2=9.53,
df=1; p=0.049).

In addition, the statistical analysis revealed
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Fig. 13: Effect of mulching intensity on bindweed density close to roadsides.
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Discussion

The experiments carried out in this study were
adapted to the different requirements of green
cover maintenance in the various areas of a vine-
yard, namely the areas under the vines, the areas
between the rows and the areas around the vine-
yard, such as plantings, green strips, embank-
ments, roadsides and fallow land.

For the management of the under-vine area, the
current study compared an electric method and a
high pressure water jet strategy with mechanical
methods and a glyphosate-free chemical synthetic
strategy in terms of the overall degree of green
cover, the height of the green cover, and their ef-
fects on field bindweed abundance. The results of
the study show, that satisfactory results in under
vine weed control not only depend on the used
management strategy, but perhaps even more on
the characteristics of the vineyard to be treated.
Treatment efficacy of all variants were signifi-
cantly better in vineyard 2, characterized by
lighter soil. From a practical point of view, in this
vineyard, weed cover rates achieved by the con-
trol measures were largely satisfactory, regardless
of the strategy. In contrast, in vineyard 1, with
heavy, loamy soil and a high pressure of “prob-
lem” weeds, no strategy produced truly satisfac-
tory results with respect to cover rates. This ob-
servation is in accordance with previous reports,
that weed control measures are more effective on
dry sites (Goldammer, 2021). Looking at the cur-
the
measures, all tested management variants re-

rent results for individual treatment
duced the total rate of green cover as compared
to the untreated control. The statistical analysis
including data of both vineyards identified the me-
chanical treatments Tournesol and inter-vine
blade as most effective in reducing growth under
the vines. In the drier vineyard 2, these treatments
permitted maintaining a median weed coverage
of 10-15%. Invineyard 1, the Zasso treatment gave
the best results with a median cover rate of 35%,
followed by inter-vine blade with a median cover

rate of 40% and the Tournesol treatment with a
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median cover rate of 45%. Regarding the height of
the growth beneath the vines, results in both vine-
yards were comparable. All treatments were ap-
proximately equally effective and the average
height of the green cover was 15-20 cm, and
55 cm in the untreated control.

Concerning field bindweed control, the current re-
sults highlighted the difficulties in field bindweed
control and its possible promotion by weed con-
trol measures, already previously described in
other studies. All undervine treatments favoured
field bindweed abundance, the worst performing
strategies were Tournesol, Grasskiller and inter-
vine blade. In vineyard 1, field bindweed coverage
rates of more than 75% were regularly observed
in the respective test plots. The lowest bindweed
density was recorded in the untreated control.
Promotion of bindweed growth by the treatments
Tournesol, Grasskiller and inter-vine blade can be
explained by the mechanical division of bindweed
roots during these procedures. The fact that me-
chanical disintegration of bindweed roots may
lead to enhanced weed multiplication is well
known (Davis et al. 2018, Bianco et al. 2019, Kopta
et al. 2024). According to literature, at the best,
frequent long-term mechanical measures can lead
to a depletion of carbohydrate reserves in bind-
weed roots and in consequence to a suppression
of this weed species (Sullivan et al. 2004).

In addition, however, the actual under-vine results
indicated that one key factor in the low competi-
tiveness of field bindweed in taller vegetation is
competition for light. Field bindweed appears to
require full light for its development. In addition,
competition between plant species for other
factors such as space, water, and nutrients might
also reduce C. arvensis development. In the cur-
rent study, the dense and high vegetation contrib-
uted massively to the lower field bindweed abun-
dance in the untreated control variant (but the
strategy is not applicable in a yielding vineyard).
The weed control treatments scoring best in terms
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of field bindweed control in the actual study,
chemical treatment and Zasso, did not rip bind-
weed roots but lacked the shadowing and compe-
tition effect of surrounding vegetation. Our obser-
vations match numerous previous reports, indi-
cating that field bindweed, when shaded, is not
very competitive (Sullivan et al. 2004, Orloff et al.
2018, for review).

Overall, in the current study the relatively new
Zasso and Grasskiller devices did not show superi-
ority with respect to green coverage and cover
green height as compared to the conventional me-
chanical methods and they were only slightly
more effective than the synthetic chemical herbi-
cide variant. In terms of field bindweed control,
especially the high pressure water jet (Grasskiller)
was not convincing, somewhat better results were
recorded for the electric weeding. The statement
that Grasskiller is capable of solving weed prob-
lems within the vineyard rows with not more than
two annual treatments (Losavio et al., 2016) was
at the best partly confirmed in vineyard 2. In con-
trast, in vineyard 1, the efficacy of the device with
respect to total green coverage and bindweed
control was insufficient from a practical point of
view (Fig. 9). The success of Grasskiller could be
better on dry soils or, as in the aforementioned
study in Italy, in drier regions. This question should
be investigated in further studies. Better overall
results on total green coverage were achieved by
electric weeding (Zasso). In uneven vine rows,
however, this device had difficulties to reach the
vegetation in the middle of the row and left
swaths of weeds where the electrodes had not
reached (Fig. 10). In a previous study on undervine
weeding in Germany, electric weeding by a Zasso
device (2-3 treatments, current 18 and 24 kW) was
compared to chemical treatment with glyphosate,
and mechanical weed management by disc plough
and a disc plough with roller hoe. The treatment
success of the Zasso device (as well as all other
treatments) varied greatly between experimental
plots. All procedures became more effective with
increasing treatment frequency but all strategies

III

failed to efficiently control “problem weeds” such

as Chenopodium album, and, comparable to the
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current study, Convolvulus arvensis (Lang et al.,
2022).

Concerning the technical execution of the current
under-vine trials, it should be noted that there
were some shortcomings. These might to some
extent have influenced the comparability of the
results of the individual treatments. Firstly, it was
not possible to apply all greening management
options at the same time (Tab. 1), because the
time of application depended on the device man-
ufacturers (Grasskiller, Zasso) and internal pro-
cesses at the experimental estate. In addition, the
inter-vine blade variant was not implemented un-
til May 23 due to a defect of the device. In conse-
guence, an accurate comparison of green cover
strategies at a single point in time was not conclu-
sive. Instead, we evaluated all data collected over
the entire duration of the experiment together in
the generalized linear model (examination dates
as one factor). Furthermore, it was not possible to
assess the green covers under the vines in August
2023.

According to the actual data, in vineyard inter-
rows, sowing of cover crops can be an expedient
strategy for field bindweed reduction, provided
however, that sufficient humidity allows a proper
development of the green cover. Particularly, in
2023, covers of winter rape and a mixture of rye
and winter vetch, bent by the beginning of June
were effective, likely due to a shadowing effect of
the cover crop itself or later its organic material. A
comparably weaker success was observed in 2022,
in this year, a lack of rainfall in winter and early
spring (total precipitation from January 1 to March
31: 39.9 mm) reduced the development of the
sown cover crops. A good effect of fall-planted rye
and vetch against field bindweed in vegetable field
was also previously reported (Sullivan, 2004). In
practical viticulture, the competition of sown
green covers with the vines for nutrients and wa-
ter is a widespread cause for concern. A wide
number of scientific papers concluded that com-
petition of cover crops with the vines for nutrients
is generally not relevant and cover crops have, as
illustrated above, a large number of positive
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effects. In contrast, literature data highlight that
water competition must be taken into account
when planning cover crops in regions where water
shortages are expected in summer (Abad, 2022b,
for review).

In the current study, the introduction of cereal
straw in interrows was no effective method for
field bindweed control. In both experimental
years, it reduced field bindweed in spring as com-
pared to the natural green cover, but its effect dis-
appeared in the course of the vegetation period
(Fig. 11). The straw layer rotted quickly, so there
was no longer a sufficient cover in summer. More-
over, the straw was costly to obtain and time con-
suming to spread (data not shown). However, it is
quite possible that a more frequent straw applica-
tion could very well lead to better suppression of
field bindweed. In an experiment in Spain, rice
straw largely reduced the weed coverage of a
vineyard. In this study, different amounts of rice
straw, from 25-50 t/ha were not only applied in
October/November but also in May. Likely the ap-
plication twice per year, possibly also together
with dryer conditions in Spain allowed the con-
stant presence of an unrotted organic layer which
supressed weed growth, especially when applied
at a rate of 50t/ha (GOmez de Barreda et al,,
2023).

For bindweed management in all surrounding
areas of vineyards, which can be fallow land, road-
sides, enbankments, green stripes or other areas,
shading by taller vegetation proved effective in
the actual experiments. Permanent greening by
alfalfa reduced the density of field bindweed to
almost zero. Leaving the natural green cover long
also reduced the incidence of field bindweed,
whereas a constantly mulched short cover crop
allowed a relevant bindweed cover to establish.

Riedle-Bauer et al.

Very similar results were obtained from the trial
along roadsides in Simonsfeld, GroBnondorf and
Gribern. A low mulching intensity was almost
always associated with a lower incidence of field
bindweed. Interestingly, an effect of alfalfa
against field bindweed by light deprivation was
already described over 100 years ago (Cox, 1909,

reported in Sullivan, 2004).

With respect to control of BN, a shading effect of
higher vegetation could have a further benefit.
Sunny areas, predominantly sites covered by short
or sparse vegetation only, are the preferred habi-
tat of H. obsoletus and other potential phyto-
plasma vectors. In previous experiments, the
greening of a fallow adjacent to a vineyard with
Medicago sativa largely reduced the abundance of
plant- and leafhoppers and prevented their migra-
tion into the neighbouring vineyards (Riedle-
Bauer and Brader, unpublished, Riedle-Bauer et
al.,, 2010, Riedle-Bauer et al., 2011). In vineyard
interrows , the cover crop species, Phacelia tan-
actifolia, Rhaphanus sativus and Fagopyrum escu-
lentum largely supressed bindweed and lead to a
reduction in almost 100% of leaf- and planthopper
species in the green cover (Riedle-Bauer et al.,
2010).

In summary, it can be stated that greening
measures, particularly in vineyard interrows, in
fallow land and other areas in the vicinity of vine-
yards or along roadsides have the potential to
greatly reduce ‘Ca. P, solani’ infection pressure in
BN outbreaks linked to field bindweed as the cru-
cial pathogen source. Higher green covers have
the potential to outcompete field bindweed and
create hostile conditions for the vectors of this
pathogen. In the planning of green cover manage-
ment strategies, however, competition between
the vine and the green cover, particularly the risk
of water competition must be taken into account.
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