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ABSTRACT

Effective weed control in the under-vine area is essential for vineyard productivity and 
sustainability. However, conventional chemical and mechanical methods can damage soil 
health and ecosystem functions. In this field experiment, a novel biodegradable-sprayable 
mulch made from renewable resources was evaluated in two separate two-year field trials 
(2021–2022 and 2023–2024) conducted in Bavaria, Germany. Treatments included an 
untreated control, mechanical weeding and three mulch applications: early applications of 
2.5  L  m–2 and 5.0  L  m–2 (SM-2.5E, SM-5.0E) and late application of 5.0  L  m–2 (SM-5.0L). 
Each year, data were collected on aboveground weed biomass, standard soil parameters, 
grape yield (kg  vine–1), pruning weight, and must quality parameters (°Brix, pH, and 
titratable acidity). The results show that SM-5.0L consistently achieved the lowest late-season 
weed biomass, which can be attributed to both the greater mulch thickness and the later 
application time. The combination of these two factors likely enhanced mulch persistence 
and weed suppression during the late season. No significant differences were observed 
between treatments in terms of grape yield, vegetative growth of vine, or must quality, and 
soil parameters remained largely unaffected. These findings suggest that the biodegradable-
sprayable mulch from renewable materials is as effective as mechanical weeding and offers 
yield-neutral under-vine weed control without compromising vine performance or soil 
chemical properties within the observation period. Further research across diverse soil types, 
climatic regions, and water-limited conditions is recommended to evaluate and optimise 
long‑term efficacy, ensuring sustainable and practical integration into vineyard management.
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INTRODUCTION

Weed management is a crucial aspect of viticulture, 
particularly in under-vine areas where competition for 
resources must be minimised (Ingels et al., 2005). In recent 
decades, herbicides and mechanical soil management 
have been the main approaches to controlling weeds 
in the inter-row and the under-vine area in vineyards 
(Kudsk & Mathiassen,  2020). However, the use of 
herbicides containing glyphosate has become increasingly 
controversial (Kudsk & Mathiassen, 2020) due to associated 
environmental concerns, such as groundwater contamination 
(Louchart  et  al.,  2001), residues in food (Ying & 
Williams,  1999), the emergence of herbicide-resistant weed 
populations (Doğan  et  al.,  2022), and negative effects on 
soil organisms (Gaupp‑Berghausen  et  al.,  2015). Although 
the active ingredient glyphosate (N-(phosphonomethyl)
glycine) remains legally permitted under stricter 
regulations (Bundesministerium für Ernährung und 
Landwirtschaft,  2024), the rising demand for sustainable 
agro-ecosystems has led wine growers to reevaluate their 
management practices.

Mechanical weed control, the most common 
alternative to herbicides, is effective in flat vineyards 
but presents challenges on sloped terrains. Recent 
advancements in soil management tools have nonetheless 
significantly improved the effectiveness of under-vine 
management (Sozzi  et  al.,  2021; Moysiadis  et  al.,  2022; 
Gagliardi  et  al.,  2023). However, the use of cultivation 
equipment often damages vine roots and trunks 
(Pergher  et  al.,  2019), increases the risk of soil erosion 
(Ruiz‑Colmenero  et  al.,  2011), and degrades soil structure 
(Ruiz-Colmenero  et  al.,  2013). Additionally, repeated 
mechanical cultivation can reduce soil organic matter and 
release carbon (Mordhorst  et  al.,  2017), alter microbial 
dynamics (Virto  et  al.,  2012), and bring weed seeds to the 
surface, leading to increased weed pressure (Bàrberi,  2002). 
Reliance on any single method, whether chemical or 
mechanical, risks a shift in weed flora towards more 
tolerant species (MacLaren et al., 2020; Doğan et al., 2022). 
These issues are exacerbated in steep-slope vineyards, 
where slope inclination limits the feasibility of conventional 
mechanical methods and increases fuel consumption due 
to repeated passes (Jradi et al., 2018).

To address these limitations, alternative weed management 
strategies that protect soil quality while maintaining 
vineyard productivity are needed. Mulching has been 
identified as a potential solution for both weed control 
(Rathore  et  al.,  1998) and soil improvement (Ngouajio & 
McGiffen,  2004). Over time, various materials have been 
used as mulch, including organic substances like straw, 
wood chips, and crop residues, as well as biodegradable 
film-based mulches made from renewable materials, such as 
paper or plant fibres (Ahmad et al., 2024; Zhang et al., 2019; 
Hayes  et  al.,  2019; Madrid  et  al.,  2022). Loose organic 
mulches offer benefits such as improved soil structure and 
decreased soil compaction (Némethy et al., 2006), increased 

abundance of soil fauna, such as earthworms (Sauvage, 1995; 
Thomson & Hoffmann,  2007), reduced erosion (Granatstein 
& Mullinix, 2008), and weed control (Fredrikson et al., 2011). 
However, applying them is labour intensive, which may not 
be cost-effective for large-scale vineyards, and their effects 
are often not long-lasting (Sauvage, 1995).

Biodegradable film-based mulches, such as those made 
from plant fibres, fully decompose into the soil, improving 
soil conditions and supporting sustainable agricultural 
practices (Zhang et al., 2019; Follak et al., 2024). Although 
these mulches involve high raw-material costs, they 
produce no waste and they can be fully incorporated into 
the soil (Madrid  et  al.,  2022). In contrast to loose organic 
mulches, biodegradable film-based materials require less 
manual labour, ensure more uniform soil coverage, and 
maintain their weed-suppressive and moisture-conserving 
effects (Zhang et al.,  2019; Hayes et al.,  2019). They also 
minimise nutrient immobilisation and reduce the risk of 
introducing weed seeds or pathogens that can occur as a 
result of unprocessed organic residues (Hayes et al., 2019; 
Follak et al., 2024).

Biodegradable-sprayable mulches are a novel approach, as 
the material can be applied as a liquid mixture directly onto 
the soil surface using a tractor-mounted application device. 
The system allows adjustment of both the application width 
and the material rate, offering high flexibility in practical 
use under different soil and management conditions, and can 
reduce the manual workload compared with the distribution 
of loose organic mulches. Materials derived from renewable 
resources, such as sodium alginate, cellulose, and chitosan, 
create a physical barrier that suppresses weeds and regulates 
soil temperature and moisture (Immirzi  et  al.,  2009; 
Giaccone  et  al.,  2018; Borrowman  et  al.,  2020; 
Follak et al., 2024).

In recent studies, several types of sprayable and 
biodegradable mulch systems have been explored. These 
include polysaccharide-based emulsions, such as alginate–
oil blends, which were investigated by Immirzi et al. (2009) 
and  Kirchinger  et  al.  (2024), fibre slurries made from 
materials such as paper pulp or straw, as studied by 
Mas et al. (2021), Weiss et al. (2025) and Ahmad et al. (2024), 
as well as film-forming biopolymer suspensions, described 
by Vox et al. (2013). Applied to a narrow strip in the under-
vine area in the vineyard, biodegradable-sprayable mulches 
could be integrated into inter-row management techniques, 
like mowing or tillage, thus providing a sustainable weed 
control for permanent crops.

However, there are still gaps in key knowledge regarding 
their long-term weed suppression efficacy, optimal application 
methods and effects on soil and vine performance under 
varying environmental conditions, as well as their potential 
to reduce soil evaporation. While most vineyards in Europe 
are dry-farmed (van  Leeuwen  et  al.,  2019) and mulch 
can reduce soil evaporation (Zhang  et  al.,  2019; 
Hayes  et  al.,  2019), the current study focuses on the 
capacity of mulch for weed suppression.
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Therefore, the present study investigates a newly developed 
biodegradable-sprayable mulch made from renewable raw 
materials (Kirchinger et al., 2023b; Kirchinger et al., 2024; 
Follak  et  al.,  2024) to determine its effectiveness in 
controlling under-vine weeds and its influence on grape 
yield and must quality, as well as to assess its practical 
applicability in vineyards.

MATERIALS AND METHODS

1. Field and experimental design

The experiments were conducted in two field trials 
at Thüngersheimer Ravensburg, Bavaria, Germany 
(49°  51'  17.3"  N  9°  51'  49.8"  E). Before starting the field 
trials, several mulch treatments with different application 
times and layer thicknesses were tested under field-like 
conditions in 2020. Based on these results, three mulch 
treatments were selected for the experiments from 2021 to 
2024 (Table  1). Both trials were conducted on clay-loam 
soil with similar texture, and the under-vine area was 
covered with natural weed vegetation and was not tilled 
prior to mulch application.

The vineyard used in field trial A had been planted in 2016 
and managed for the cultivation of cv.  ‘Sylvaner’ (Vitis 
vinifera  L.) grafted on rootstock  SO4. The vines had 
been planted at a spacing of 1.20  m  ×  2.00  m and trained 
using a Vertical Shoot Positioning (VSP) system. The row 
orientation was south-west. From planting until the start 
of the field trial in 2021, no chemical herbicides such as 
glyphosate had been applied. Under-vine weed control had 
been carried out using mechanical methods, including disc 
cultivators, dished ploughshares, or rotary star hoes. The 
experiment followed a randomised design, where each vine 
row represented an individual experimental unit (replicate). 
Each replicate consisted of 20 vines used for data collection, 
flanked by four border vines on each side of the row that 
were  not included in the assessment. The experiment 
comprised four replicates per treatment.

In field trial  B (49°  51'  17.3"  N  9°  51'  49.8"  E), the 
experiment was carried out on the cv.  ‘Sylvaner’ grape 
variety that had been grafted onto rootstock SO4 and 
planted in 2013 with identical spacing (1.20 m × 2.00 m) 

and using a VSP system. The vine rows are similarly 
oriented in a south-west direction, and the inter-rows 
had been managed in the same way as in field trial  A. 
In contrast to field trial A, field trial  B followed a block 
design in which three adjacent vine rows formed one 
block, with three randomised replications. Each replicate 
consisted of 12  vines, with four vines on each side of the 
row serving as border plants. Identical treatments had been 
applied to both field trials in the years preceding the study, 
neither glyphosate nor any other chemical herbicides had 
been used. The treatments in both field trials comprised an 
untreated control (UC), a weed-free control by mechanical 
weeding (MW), and three different biodegradable-
sprayable mulch treatments (SM-). The latter comprised 
the application of a mulch in a 2.5  L  m–2-thick layer 
and a 5.0  L  m–2-thick layer, referred to as SM-2.5E 
and SM‑5.0E, respectively, where “E”  stands for an 
early application before seeds emerged (Table  1). In 
addition, another biodegradable-sprayable mulch treatment 
(SM‑5.0L), where “L”  denotes a late application with 
weeds already reaching approximately 25  cm in height, 
was included (Table  1). Mechanical weeding (MW) was 
carried out according to standard practical methods using 
a Dished Ploughshare Cultivator round-the-vine weeder 
(LUV Perfekt®, Braun Maschinenbau GmbH, Landau/
Pfalz, Germany) in the under-vine area when weeds 
covered about 60–75 % and were approximately 25 cm tall. 
In most seasons, mechanical weeding was performed twice, 
and in one year three times, depending on weed pressure.

2. Weather data

The region’s climate is classified as humid temperate, with 
an annual average temperature of 10.4 °C and total annual 
precipitation of  649  mm (Deutscher Wetterdienst,  2021). 
Weather data for the experimental field were collected 
using the Adcon Telemetry AddVantage weather station 
system (Adcon Telemetry, Klosterneuburg, Austria), which 
was installed in the centre of the experimental area in both 
field trial  A (36  rows with 2  m spacing, weather station 
placed ~35  m from edge) and field trial  B (21  rows with 
2  m spacing, weather station placed ~20  m from edge). 
Measurements included temperature and precipitation, 
which are summarised in Table 2 and Figure 2.

TABLE 1. Overview of treatments, details and application dates from 2021 to 2024 in two different experimental 
vineyards (field trial A and field trial B). UC = untreated control, MW = mechanical weeding, SM-2.5E = 2.5 L m–2 
of mulch applied early, SM-5.0E = 5.0 L m–2 of mulch applied early, and SM-5.0L = 5.0 L m–2 of mulch applied late).

Treatment Details Field trial A Field trial B

2021 2022 2023 2024

UC Untreated control included included included included

MW Mechanical weeding using dished ploughshare 27/04/2021 
27/07/2021

03/05/2022 
27/06/2022

15/05/2023 
10/08/2023

20/03/2024 
24/06/2024 
28/08/2024

SM-2.5E Mulch 2.5 L m–2 applied early 08/03/2021 17/03/2022 07/03/2023 12/03/2024

SM-5.0E Mulch 5.0 L m–2 applied early 08/03/2021 17/03/2022 07/03/2023 12/03/2024

SM-5.0L Mulch 5.0 L m–2 applied late 28/04/2021 20/04/2022 25/04/2023 23/04/2024

https://ives-openscience.eu/
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3. Composition of the biodegradable-sprayable 
mulch

The development, composition and characteristics 
of the biodegradable-sprayable mulch are described 
in detail in the European patent EP  4  189  034  A1 by 
Kirchinger et  al.  (2023a) and by Kirchinger et al.  (2024). 
It consists of two components: an oil-based component  (A) 
and an aqueous starch-based component  (B). The oil-
based component contains ingredients such as fillers and 
the gelling agent sodium alginate. The aqueous component 
contains starch, as well as additional auxiliaries, including 
preservatives. Both components were mixed during 
application directly in the field, causing the substance to 
solidify immediately upon contact with the soil (Figure 1B). 
This process is essential for creating a relatively uniform 
mulch layer, even on coarsely structured topsoils. The 
composition of both components is shown in Table 3.

4. Application of the biodegradable-sprayable 
mulch

An application device (Figure  1A) was developed for the 
field trials, as described by Kirchinger  et  al.  (2024). The 
device was attached directly to the tractor’s three-point 
hitch. It consisted of two separate tanks for components A 
and  B of the mulch, two independently controlled 
peristaltic pumps, each equipped with a pressure sensor, 
and one control unit. The two components were applied via 
a set of flat spray jet nozzles (3 mm diameter). Due to the 
mixing ratio, one nozzle was used for the oil-based phase, 
while two nozzles were used for the water-based phase. 
Two sets of the nozzle system were used, aligned at a 
precisely tuned angle to each other to prevent gaps in 
the mulch layer due to the rough texture of the ground. 
The pump flow and thus the mixing ratio of the two 

components was set using control software programmed 
using LabVIEW, which was developed by National 
Instruments (NI, Austin, TX, USA).

5. Soil sampling and analysis

Soil samples were taken from the under-vine area to 
a depth of  0–30  cm. For each treatment replicate, a 
composite sample was formed from four randomly 
collected soil cores. Sampling was carried out in field 
trial  A on 8  March  2021 (before treatment application) 
and 17  October  2022 (after two growing seasons), and in 
field trial  B on 20  February  2023 and 23  October  2024. 
Soil analyses were carried out to determine pH, available 
nutrients (P2O5, K2O, Mg2+), mineral nitrogen (N–NH4

+, 
N–NO3

–, Nmin), organic carbon (Corg), humus content, and 
the C/N  ratio. Measurements were performed according 
to VDLUFA (1991).

6. Weed suppression effectiveness

The effectiveness of weed suppression was evaluated by 
measuring aboveground weed biomass in the under-vine 
treatment area. For standardisation of the sampling area, 
a frame measuring 0.15  m2 was randomly positioned 
four times within the 40  cm-wide treatment zone of each 
replicate. Above-ground vegetation within the frame was 
cut at ground level using scissors, ensuring that roots 
were not included, and all present weeds were manually 
harvested. For each treatment, 12  samples were collected 
on two different dates and in different places during the 
growing season in May/June and in September. The 
biomass was then dried in an oven at 90  °C for three days 
until a constant weight was achieved. The dry matter of the 
samples was determined and expressed as grams per square 
meter (DWweed (g m–2)).

TABLE 2. Annual weather data of the experimental site, annual mean air temperature  (°C), seasonal mean air 
temperature (°C,  April to  October), annual total precipitation  (mm), and seasonal total precipitation  (mm,  April 
to October) calculated for 2021 to 2024.

Year Annual total 
precipitation (mm)

Seasonal total 
precipitation (mm)

Annual mean air 
temperature (°C)

Seasonal mean air 
temperature (°C)

2021 571 357 10.2 14.3

2022 492 296 10.4 16.4

2023 537 308 10.8 16.2

2024 611 405 11.0 16.0

TABLE 3. Composition of component A (oil-based phase) and component B (water-based phase) of the mulch in 
mass percent.

Ingredients of component A (mass %) Ingredients of component B (mass %)

Rapeseed oil 30.1 Water 44.6

Cellulose fibres 2.3 Starch 12.3

Calcium sulphate 1.5 Glycerine 4.5

Sodium alginate 1.2 Sorbitol 2.2

Sodium benzoate 1.1

Sodium phosphate 0.3

Anja Menger et al.
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FIGURE 1. A) Application of the biodegradable-sprayable mulch in the field trial B in spring using the prototype 
developed by the project partner Technology and Support Centre (TFZ) Straubing; B) and C) The biodegradable-
sprayable mulch forms a uniform, gel-like layer directly on the soil in the under-vine area, which later solidifies to 
ensure stability; B) 2.5 L m–2 of mulch was applied early in March 2024 (SM-2.5E) and C) 5.0 L m–2 of mulch was 
applied early in March 2024 (SM-5.0E); D) Application using the prototype tractor-mounted device.

FIGURE 2. Daily total precipitation (mm,  blue  bars) and daily average air temperature (°C,  red  line) from 
January 2021 to December 2024.

https://ives-openscience.eu/
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7. Pruning weight

Pruning weight of grapevines was determined during 
winter dormancy as an indicator of vegetative growth. For 
each treatment, 10  grapevines per replicate were assessed. 
Shoots of each vine were manually chopped, weighed fresh 
and then dried in an oven at 90  °C until constant weight 
was achieved before being weighed.

8. Yield and must quality

In each year at harvest, grape yield was determined by 
weighing the grapes harvested from each vine  (kg  vine–1) 
individually, with 10 vines per replicate. Grape quality was 
assessed by measuring total soluble solids  (°Brix), total 
acidity  (g L–1), and pH in must samples obtained from the 
harvested grapes of 10 vines per replicate. The analyses were 
performed using Fourier-transform infrared spectroscopy 
(FTIR; FOSS, Denmark) to identify and quantify chemical 
components based on infrared absorbance as well as an 
enzymatic determinations with a Gallery Analyzer (Thermo 
Fisher Scientific, USA).

9. Statistical analysis

To assess the effects of treatment on yield and quality 
parameters, an Analysis of Variance (ANOVA) was 
conducted, followed by post-hoc Tukey’s HSD test 
for pairwise comparisons among treatment means. 
Differences were considered significant at a significance 
level of α  =  0.05. In the cases where the data did not 
meet the assumptions for ANOVA (Shapiro–Wilk and 
Brown–Forsythe tests, p  < 0.05), a Kruskal–Wallis test was 
applied, with subsequent post-hoc analyses, using pairwise 
Wilcoxon rank-sum tests with Bonferroni correction 
(α  =  0.05) to identify significant differences between 
the treatments. Soil chemical properties were analysed 
using ANOVA with Tukey’s HSD or, when assumptions 
were violated, Kruskal–Wallis tests were carried out, 
followed by Dunn’s tests with Holm correction (α = 0.05). 
Statistical analyses were performed using SigmaPlot 
version 14.0 (Systat Software Inc., San Jose, California, USA).

RESULTS

1. Weather

The weather conditions during the growing season (April–
October) and the entire year are summarised in Table  2. 
From April to October  2022, total precipitation was 
492  mm, which is substantially lower than in the other 
experimental years (571  mm in  2021; 537  mm in  2023; 
611  mm in  2024), and all experimental years received 
less precipitation than the 1991–2020 long-term average 
of approximately  649  mm (Deutscher Wetterdienst,  2021). 
During the same period, mean air temperatures averaged 
10.4 °C in 2022, which is slightly higher than 10.2 °C in 
2021, but is lower than the 10.8 °C and 11.0 °C recorded 
in 2023 and 2024, respectively. Notably, 2022 featured a 
20-day rain-free interval between August and September, 

whereas 2021 experienced a 14-day dry period and 2023 
an even longer 26-day dry period in early summer. In 
spring 2024, five post-budbreak frost nights were recorded, 
the coldest of which reached  –1.4  °C (on  7  April). By 
comparison, the preceding years recorded only two frost 
events of comparable risk damage, with a temperature of 
around  –1  °C. Figure  2 shows the climatic developments 
during the growing seasons and each year – notably the 
daily course of total precipitation and the daily average air 
temperature from 2021 to 2024.

2. Soil nutrient and chemical properties

In field trial  A, no significant differences between 
treatments were observed at the beginning of the experiment 
(February  2021), except for the C/N  ratio, for Nmin and for 
K2O. At the end of the trial experiment (October  2022), 
significant differences were found for nitrogen-related 
parameters. The mulch treatments showed lower N-NO3

– 
and Nmin contents compared to the control  (UC) and the 
mechanical treatment  (MW). In addition, treatments with 
mulch exhibited increased values of Corg and humus content. 
Meanwhile, in field trial B, no significant differences were 
found between treatments at the beginning (February 2023), 
but after two seasons (October 2024), significant differences 
were detected in both soil pH and nitrate contents. The pH 
was higher in treatment SM-5.0E. Moreover, the N–NO3

– 
values in the mulch treatments were lower compared to UC 
and  MW (mechanical weeding). All other soil parameters 
remained statistically unchanged. The results of the soil 
analyses are presented in Tables S1–S4.

3. Under-vine above-ground weed biomass

In field trial  A (2021–2022), the untreated control (UC) 
consistently showed the highest biomass, measuring 
227.2  g  m–2 in May  2021 (p  <  0.05), whereas mechanical 
weeding (MW) and mulching application (SM-2.5E, 
SM‑5.0E, SM-5.0L) resulted in significantly lower values. 
In September  2021, all treatments showed reduced biomass 
(SM-5.0L at 11.3 g m–2) that was significantly lower than 
UC (209.7 g m–2). In May 2022, UC reached 333.0 g m–2, 
while the lowest values were recorded for SM-2.5E and 
SM-5.0E (3.0  g  m–2 and 2.2  g  m–2), which were 
significantly different to both UC and  MW. In September 
2022, SM-5.0L had the lowest biomass (1.6  g  m–2), but 
was only significantly different from  UC (112.3  g  m–2). 
In field trial  B (2023–2024), UC also consistently showed 
the highest biomass. In June  2023, UC had a biomass 
of 106.9  g  m–2, while MW and SM-5.0E tended to show 
lower values. No significant differences were observed in 
June  2023. In September  2023, biomass was 154.0  g  m–2 
for UC and 13.2 g m–2 for SM-5.0E. All mulch treatments 
were significantly different from UC. Furthermore, SM‑5.0E 
was significantly different from  MW (91.8  g  m–2). In 
May  2024, UC measured 111.0  g  m–2, while SM-5.0E 
biomass growth remained low (10.3  g  m–2). Furthermore, 
SM-5.0E was significantly different to  MW (33.5  g  m–2). 
In September  2024, UC measured 103.3  g  m–2, while MW 
and all mulch treatments showed significantly lower values. 

Anja Menger et al.
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The production of biomass in SM-5.0E was the lowest 
(6.0  g  m–2) and was significantly different from  MW. The 
late treatment of SM-5.0L also showed a low value of 
11.1  g  m–2, but it was not significantly different from  MW. 
Overall, the biodegradable-sprayable mulch treatments 
were effective in controlling under-vine weeds throughout 
the growing season. In particular, SM-5.0L reduced weed 
biomass consistently across both field trials and study 
years, except in June  2023, when no treatment differed 
significantly from the control. The aboveground weed 
biomass results are summarised in Table 4.

4. Grape yield and vine pruning weight

In field trial  A (2021–2022), grape yield did not differ 
significantly between the treatments in  2021. However, 
in 2022, both SM-5.0E and SM-5.0L showed significantly 
higher yields than UC and performed comparably to  MW 
(Table 5).

In field trial  B (2023–2024), no significant differences in 
grape yield were observed between the treatments in either 
year (Table 5).

Vine pruning weights were highest under MW in 2021 
and  2022. However, in 2021, mulch treatments had 

significantly increased pruning weights compared to UC 
and reached values similar to  MW. Treatment comparison 
in 2022 showed that MW resulted in significantly greater 
vine pruning weights than UC and SM-2.5E. However, vine 
pruning weights under SM-5.0E and SM-5.0L were not 
significantly different from MW (Table 5).

In 2023, there were no significant differences between 
the treatments. By contrast, in 2024, SM-2.5E showed the 
highest vine pruning weights, slightly above MW, whereas 
SM-5.0L had significantly lower values (Table 5).

5. Grape must quality parameters

In 2021, no significant differences between the treatments 
were observed in terms of total soluble solids (TSS) and pH. 
However, total acidity (TA) differed significantly, with 
SM‑5.0E showing significantly lower values compared 
to  UC. In 2022, none of the measured grape must quality 
parameters (TSS, pH,  TA) differed significantly between 
the treatments. In field trial  B (2023–2024), no significant 
differences were detected between the treatments for any 
of  the must quality parameters in either year. The results 
are summarised in Table 6.

TABLE 4. Effects of vineyard treatments (UC = untreated control; MW = mechanical weeding; SM-2.5E = 2.5 L m–2 
of mulch applied early; SM-5.0E = 5.0 L m–2 of mulch applied early; SM-5.0L = 5.0 L m–2 of mulch applied late) 
on under-vine aboveground biomass (dry matter in g m–2) in 2021 and 2022 in field trial A (n = 16), and 2023 
and 2024 in field trial  B  (n = 12). Values are means ±  standard deviation. Different letters in columns indicate 
significant differences among treatments (Kruskal–Wallis test followed by pairwise Wilcoxon tests with Bonferroni 
correction, p < 0.05).

Under-vine aboveground biomass [dry matter in g m–2]

Field trial A Field trial B

Treatment May 2021 September 2021 May 2022 September 2022 June 2023 September 2023 May 2024 September 2024

UC 227.2 ± 105.1 a 209.7 ± 174.3 a 333.0 ± 151.5 a 112.3 ± 156.0 a 106.9 ± 137.3 a 154.0 ± 92.7 a 111.0 ± 80.8 a 103.3 ± 67.5 a

MW 23.5 ± 23.5 b 72.7 ± 90.0 b 99.7 ± 92.7 b 9.4 ± 10.9 b 14.7 ± 23.3 a 91.8 ± 66.3 ab 33.5 ± 24.7 b 2.1 ± 5.6 b

SM-2.5E 55.9 ± 33.7 b 48.1 ± 69.0 bc 3.0 ± 6.9 c 10.6 ± 13.3 b 23.6 ± 34.1 a 24.9 ± 15.7 b 14.3 ± 10.2 bc 16.4 ± 27.4 c

SM-5.0E 74.5 ± 71.5 b 49.5 ± 24.8 bc 2.2 ± 4.6 c 65.2 ± 119.2 ab 15.8 ± 11.7 a 13.2 ± 13.2 b 10.3 ± 8.1 c 6.0 ± 7.8 bc

SM-5.0L 28.5 ± 57.0 b 11.3 ± 21.5 c 42.2 ± 58.0 b 1.6 ± 4.8 b 21.3 ± 26.2 a 23.8 ± 38.1 b 12.1 ± 12.0 bc 11.1 ± 21.1 c

TABLE 5. Grape yield (kg  vine–1) and vine pruning weight (g  vine–1) under different vineyard treatments 
(UC = untreated control; MW = mechanical weeding; SM-2.5E = 2.5 L m–2 of mulch applied early; SM‑5.0E = 5.0 L m–2 
of mulch applied early; SM-5.0L = 5.0 L m–2 of mulch applied late) in field trial A (2021, 2022) and field trial B 
(2023, 2024). Values are means ± standard deviation (n = 40 for 2021–2022 and n = 30 for 2023–2024, 
respectively). Different letters in columns indicate significant differences between treatments (Tukey’s HSD, 5 % level; 
95 % confidence).

Field trial A Field trial B

Grape yield (kg vine–1) Vine pruning weight (g vine–1) Grape yield (kg vine–1) Vine pruning weight (g vine–1)

Treatment 2021 2022 2021 2022 2023 2024 2023 2024

UC 1.5 ± 0.1 a 1.7 ± 0.9 a 70.7 ± 52.9 a 185.1 ± 114.0 a 3.1 ± 0.7 a 3.2 ± 0.9 a 227.3 ± 70.5 a 356.7 ± 179.2 ab

MW 2.0 ± 0.3 a 2.2 ± 1.0 ab 124.0 ± 39.4 b 226.7 ± 62.6 c 3.1 ± 0.8 a 3.6 ± 1.0 a 261.0 ± 103.3 a 325.0 ± 128.5 ab

SM-2.5E 1.7 ± 0.4 a 2.3 ± 1.1 ab 112.0 ± 58.4 b 179.1 ± 71.0 ab 3.1 ± 0.8 a 3.4 ± 1.3 a 246.9 ± 87.1 a 384.3 ± 139.3 a

SM-5.0E 1.7 ± 0.3 a 2.5 ± 0.8 b 112.93 ± 50.2 b 204.6 ± 67.8 abc 3.5 ± 0.8 a 3.4 ± 1.1 a 240.6 ± 75.6 a 304.8 ± 106.1 ab

SM-5.0L 1.9 ± 0.4 a 2.8 ± 0.9 b 106.14 ± 55.3 b 211.1 ± 67.7 abc 3.4 ± 0.8 a 3.0 ± 1.1 a 208.1 ± 83.1 a 295.9 ± 123.4 b
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DISCUSSION

This study aimed to evaluate a biodegradable-sprayable 
mulch in vineyards based on two field trials conducted 
over two years each and focusing on its effectiveness in 
weed control and its practical applicability under field 
conditions. Weather conditions varied with study year 
and likely influenced weed growth dynamics and treatment 
performance. Overall, average temperature and precipitation 
during the growing seasons was below the long-term 
average, with 2022 being the driest year. Prolonged dry 
periods in 2022 and 2023, as well as several frost events in 
spring  2024, may have affected both weed emergence and 
growth, as well as vine development.

The effectiveness in weed control was assessed by 
measuring the weed biomass in the under-vine area. The 
analysis of weed biomass from 2021 to 2024, showed that, 
when applied in spring, the biodegradable-sprayable mulch 
was in most cases at least as effective as mechanical weed 
control, and in several instances it was significantly more 
effective.

This demonstrates that the mulch can provide effective 
weed management under field conditions. In particular, 
the higher application rate (5  L  m-2) tended to maintain 
longer-lasting suppression, suggesting that film thickness 
plays a crucial role in the persistence of the barrier effect. 
This observation is consistent with Gloeb  et  al.  (2023), 
who demonstrated that higher mulch application rates can 
prolong weed suppression. Borrowman  et  al.  (2020) and 
Kirchinger  et  al.  (2024) showed that thicker mulch layers 
form a more stable physical barrier, degrade more slowly, 
and thus maintain longer-lasting protection. Although no 
significant differences were observed between the mulch 
treatments in most years, the results suggest that a greater 
film thickness tends to be associated with longer weed-
suppression efficacy.

Overall, the results of the biomass show that the mulch 
layer remained functional throughout an entire growing 
season. However, first signs of mulch degradation were 
observed approximately after two months of application, 
with cracks and holes in the mulch film (data not  shown). 
From September onwards, the mulch turned grey-black 
and became very brittle in places. This is an indication 
of microbial degradation processes that primarily cause 
discolouration and signal the beginning of progressive 
material ageing. In a laboratory and a field trial using the 
same mulch material, Kirchinger  et  al.  (2024) reported that 
initial cracks appeared in the mulch under dry conditions 
after just two months. After it rained, the cracks got smaller 
because the sodium alginate in the material soaked up the 
water, making the material softer and more resistant to 
cracking.

Previous studies on sprayable mulch systems reported 
effective durations of approximately two months 
(Giaccone et al., 2018), three months (Immirzi et al., 2009), 
and five–six months (Vox  et  al.,  2013) and nine months 
(Sartore et al., 2013).

Despite these clear treatment effects, some treatments 
showed high standard deviations. This variability reflects the 
heterogeneous spatial distribution of weed infestation in the 
under-vine area, which can result from clustered growth of 
dominant species such as creeping thistle (Cirsium arvense) 
or localised environmental conditions. While the use of 
randomised plot selection ensured unbiased sampling, it 
may have contributed to the observed data spread.

In our field trials, the mulch layer did not always appear 
uniform, suggesting that local site conditions influenced 
the quality of coverage. This unevenness was likely caused 
by soil surface roughness, existing weed cover, and slight 
variations in spray distribution during application. As 
suggested by Immirzi et  al.  (2009), Vox et  al.  (2013), and 
Follak  et  al.  (2024), the uniformity of the mulch layer 
depends heavily on the soil conditions prior to application. 
On loose, coarse and uneven soils, the liquid material cannot 
form a homogeneous film, but instead flows into cracks and 
depressions, significantly reducing its barrier effect against 
weeds. Conversely, on compacted, smooth surfaces, a 
more consistent and stable mulch layer can be achieved. 
According to Follak  et  al.  (2024), loose, uneven soil 
prevents the mulch from forming an effective barrier, as it 
allows light to penetrate into the soil, thus promoting the 
germination of photoblastic seeds. In the present study, 
our visual observations indicated that, with optimal 
coverage by the biodegradably mulch, parts of the 
aboveground foliage were severely damaged or necrotic. 
This can be attributed to impairment of leaf function, 
particularly through coverage of leaf surfaces and stomata 
by the mulch film, blocking transpiration and gas exchange 
(Kirchinger  et  al.,  2024), which can lead to the temporary 
weakening or even death of individual organs or entire 
plants. Despite these observations, no significant differences 
in dry biomass were detected between the late (SM-5.0L) 
and early (SM-5.0E) applications at the May and September 
assessments, except for May  2022, when the early mulch 
applications resulted in significantly lower weed biomass 
than the late treatment. It can therefore be assumed that the 
observed stress stimulus was insufficient to permanently 
suppress established weeds, or that the effect occurred 
only in competitively weaker species, without substantially 
affecting total biomass.

In this study, the timing of mulch application had only a 
minor effect on weed suppression. Significant differences 
between early and late treatments were found only in 
spring 2022, when early applications resulted in lower weed 
biomass in May. This was likely related to the unusually dry 
conditions in early spring  2022, which generally reduced 
weed emergence and biomass due to limited soil moisture.

While previous studies on the efficacy of spray-mulch 
systems have focused primarily on pre-emergence 
applications (Braunack et al., 2020; Claramunt et al., 2020; 
Giaccone et al., 2018; Shen et al., 2019; Warnick et al., 2006), 
a study by Gloeb  et  al.  (2023) has indicated that post-
emergence application can also be effective, provided that 
the plants are still at an early developmental stage (e.g.,  the 
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cotyledon phase). In this study, however, the weeds in 
the late application treatment were already approximately 
25–30 cm tall, but in most cases, late applications achieved 
a weed suppression effect comparable to early applications. 
Such an extended application window could have the 
practical advantage of allowing mulch treatments to be 
more flexibly integrated into operational workflows as long 
as the soil and weather (no  wind, frost or rain) conditions 
are suitable (based on the conditions of this study). 
The efficacy of the mulch also depends on the weeds 
present.

This observation is further supported by Mas  et  al.  (2021), 
in which various hydro-mulch formulations based on 
wheat straw, rice husks, and fungal substrate were tested 
under controlled environmental conditions in a greenhouse 
setting. Despite differing compositions, all treatments 
exhibited a significant reduction in shoots of perennial or 
pre-germinated rhizomatous weeds, a clear indication of 
the mulch’s mechanical barrier effect. In the present study, 
all mulch treatments effectively prevented weed growth 
with a consistent basic barrier effect across application rates. 
In a few cases, the treatments with a double concentration 
showed a better effect. However, the field and species 
observations revealed that some of the perennial species, 
particularly the creeping thistle (Cirsium arvense) and 
hoary cress (Lepidium draba), are able to penetrate the 
thicker and intact mulch layers (see  Tables  S5–S8). This is 
most likely due to their vigorous regenerative capacity and 
extensive rhizome reserves. Individuals of Cirsium arvense 
are known to resprout from mechanically damaged root 
fragments in deeper soil layers (Graglia & Melander, 2005), 
and Lepidium draba exhibits a high vegetative dispersal 
dynamic (Selleck, 1965).

Similar observations were made by Lososová et al. (2004). 
In this study, competitive species such as Cirsium arvense 
and Lepidium draba were observed to persist or even 
increase in the treatment replicates over the study period, 
evidencing their ability to penetrate dense mulch layers, 
particularly where the application was uneven or the mulch 
started to degrade. While Mas  et  al.  (2021) specifically 
measured the penetration rate of defined rhizome fragments, 
a differentiated comparison in this field study was not 
feasible, as the weed vegetation was able to establish itself 
unhindered over the years. Notably, competitively weaker 
species, such as Veronica persica and Polygonum aviculare, 
were absent from treated areas or occurred at lower relative 
abundances, while they regularly occurred in the untreated 
control. In treated areas, these species were observed only 
where gaps in the mulch film were present or where material 
degradation had occurred. This pattern indicates a higher 
sensitivity of these species to the physical barrier formed by 
the mulch layer. A general trend observed across both field 
trials was that weed biomass in mulch treatments tended to 
be lower in the second year compared to the first year. This 
suggests a cumulative suppression effect, possibly resulting 
from the residual mulch layer and a gradual depletion of the 
weed seed bank. Similar findings by Fredrikson et al. (2011) 

and Mas  et  al.  (2021) indicate that repeated mulching 
can reduce weed emergence over time by creating a more 
highly buffered soil environment that limits germination 
and seedling establishment. Therefore, the tendency toward 
reduced weed biomass in the second application year in this 
study may reflect a combination of residual mulch effects 
and a diminished weed seed reservoir in the soil. It can 
be assumed that this trend would continue in subsequent 
years, potentially leading to a gradual reduction in overall 
weed diversity and a shift toward more dominant, persistent 
species. However, this assumption remains speculative and 
highlights the need for long-term studies to investigate such 
vegetation dynamics under continued mulch application.

In summary, these findings confirm that the biodegradable-
sprayable mulch is a yield-neutral alternative to conventional 
mechanical cultivation that has the potential to sustain yields 
under dry conditions.

In our two separate field trials, yield differences were only 
observed under dry climatic conditions. In 2022, the driest 
growing season of the entire study period, in which there 
were several prolonged dry phases, both of the higher 
mulch application rates resulted in greater mean yields 
than the control, whereas no significant differences were 
found in the other more humid years. This suggests that 
the mulch may have improved soil moisture and may 
have contributed to yield stabilisation or optimisation 
under water-limited conditions. In the years with sufficient 
rainfall, however, the effect on yield appears to have 
been too small to become statistically significant. Similar 
observations have been reported in other studies. Several 
experiments using organic or biodegradable-sprayable 
mulch materials have shown improved soil-water availability 
but no consistent yield increases under well-watered 
conditions (Čížková  et  al.,  2021; Braunack  et  al.,  2020; 
Warnick et al., 2006). For instance, Čížková et al.  (2021) 
found that organic loose mulches increased soil moisture 
compared with bare soil, while yield responses remained 
minor in years with adequate rainfall. Similarly, 
Cabrera‑Pérez  et  al.  (2022) and El-Wahed  et  al.  (2020) 
observed that when rainfall is sufficient, natural soil 
moisture already meets crop water demand and mulch 
therefore provides no additional yield benefit. This indicates 
that although mulching effectively conserves soil moisture, 
the effect is generally not strong enough to influence yield 
when water availability is not limiting. Overall, the results 
show that biodegradable-sprayable mulch can provide 
measurable advantages under dry climatic conditions, while 
remaining yield-neutral in years with sufficient rainfall. 
Future research should therefore focus on quantifying these 
water-related effects and the underlying soil processes. 
Long-term studies will be essential to confirm whether the 
observed yield improvements under dry conditions can be 
consistently reproduced.

Pruning weight was recorded at both sites over two years to 
assess the possible effects of mulch treatments on vegetative 
vine growth. In field trial  A, 2021 showed significantly 
higher pruning weight for all mulch treatments compared 
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with the untreated control (UC), whereas no differences 
were observed relative to  MW. In 2022, MW recorded the 
highest value and was significantly higher than SM-2.5E, 
but not significantly different from UC or the other mulch 
treatments. In field trial  B, in which the vines were older 
and had higher baseline pruning weights, no significant 
differences among treatments were found in  2023. 
However, in 2024, SM-2.5E exhibited the highest mean 
value, differing significantly from SM-5.0L. The results 
indicate that pruning weight was affected by mulch 
treatments in most years. However, the extent of this 
influence may have depended on site conditions, vine age, 
and weather patterns during the growing season, which 
could explain the inconsistent results. Similar observations 
were reported by Mairata  et  al.  (2024), who found that 
organic mulches sometimes led to higher pruning weights, 
especially compared with conventional tillage, which may 
limit vegetative growth by destroying near-surface roots. 
This effect is plausible here, but was not demonstrated 
consistently.

Across all years and sites, no consistent effects of mulch 
treatments on key must parameters (TSS, pH, titratable 
acidity) were observed. Only in 2021 did SM-5.0E exhibit 
a significantly reduced titratable acidity compared with the 
untreated control, an effect not reproduced in later years. 
No significant differences were found for total soluble solids 
or pH values; the observed fluctuations were likely due to 
vintage effects and site-specific conditions, such as climate 
and ripening progression. Recent literature corroborates 
these results: Mairata  et  al.  (2024) reported that while 
organic mulches can influence acid profiles, the effects 
depend on the material used and do not necessarily 
compromise must quality. Overall, the results indicate that 
the biodegradable-sprayable mulch material has no direct 
impact on must quality.

CONCLUSION

Across the two independent two-year field trials, the 
application of biodegradable-sprayable mulch derived from 
renewable materials provided weed control performance at 
least equivalent  to, and in some cases more efficient than, 
mechanical weeding, which typically requires multiple 
passes per season (e.g.,  two to four cultivations between 
spring and early summer). In particular, the SM-5.0L 
treatment (5  L  m–2) was found to consistently yield the 
lowest late-season weed biomass. Thicker mulch films 
persist longer than thinner ones, and post-emergence 
applications may offer growers greater operational 
flexibility in timing – as treatments can be delayed until the 
field access and workload conditions become favourable – 
without substantially reducing efficacy.

Importantly, no significant alterations were detected in 
grape yield, pruning weight, or must quality parameters 
(TSS, pH, titratable acidity) among mulched, mechanically 
weeded, and untreated vines, indicating that biodegradable-
sprayable mulch can maintain vine performance 

comparable to conventional tillage. However, yield data 
from the driest season suggest that thicker mulch layers 
may help stabilise or slightly improve yields under dry 
conditions, likely due to improved soil moisture retention. 
Furthermore, it was noted that vigorous rhizomatous 
weeds such as Cirsium arvense and Lepidium draba 
penetrate intact mulch layers over time. Overall, 
biodegradable-sprayable mulch emerged as a promising 
and eco-friendly alternative for integrated vineyard weed 
management, which does not compromise vine productivity 
or  fruit quality. However, further research is needed to 
improve the practical feasibility of the biodegradable-
sprayable mulch system and to evaluate its performance 
across different soil types and climate and water-limited 
conditions before it can be considered ready for practical use.

ACKNOWLEDGEMENTS

The authors gratefully acknowledge the support of the 
Bavarian State Ministry for Food, Agriculture, Forestry and 
Tourism (Bayerisches Staatsministerium für Ernährung, 
Landwirtschaft, Forsten und Tourismus). We also wish to 
thank our project partners at the Technology and Support 
Centre (Technologie- und Förderzentrum,  TFZ) for their 
collaboration.

REFERENCES
Abd El-Wahed, M. H., Al-Omran, A. M., Hegazi, M. M., Ali, M. M., 
Ibrahim, Y. A. M., & El Sabagh, A. (2020). Salt distribution and 
potato response to irrigation regimes under varying mulching 
materials. Plants, 9(6), 701. https://doi.org/10.3390/plants9060701

Ahmad,  W., DeVetter,  L.  W., McFadden,  D., Maupin,  B., 
Bajwa, D. S., Durado, A., Weyers, S., Galinato, S. P, Weiss, B., & 
Gramig,  G.  (2024). Hydromulches suppress weeds and maintain 
fruit production in organically managed strawberry systems. 
Frontiers in Agronomy, 6, 1375505. https://doi.org/10.3389/
fagro.2024.1375505

Bàrberi, P.  (2002). Weed management in organic agriculture: Are 
we addressing the right issues? Weed Research, 42, 177–193. 
https://doi.org/10.1046/j.1365-3180.2002.00277.x

Borrowman,  C.  K., Johnston,  P., Adhikari,  R., Saito,  K., & 
Patti,  A.  F.  (2020). Environmental degradation and efficacy 
of a sprayable, biodegradable polymeric mulch. Polymer 
Degradation and Stability, 175, 109126. https://doi.org/10.1016/j.
polymdegradstab.2020.109126

Braunack,  M.  V., Adhikari,  R., Freischmidt,  G., Johnston,  P., 
Casey,  P.  S., Wang,  Y., Bristow,  K.  L., Filipović,  L., & 
Filipović, V. (2020). Initial experimental experience with a sprayable 
biodegradable polymer membrane (SBPM) technology in cotton. 
Agronomy, 10(4), 584. https://doi.org/10.3390/agronomy10040584

Bundesministerium für Ernährung und Landwirtschaft. (2024). 
Regelungen zum Einsatz von Glyphosat in Deutschland. Accessed 
8 April 2026. https://www.bundesumweltministerium.de/themen/
bodenschutz/fragen-und-antworten-zum-einsatz-von-glyphosat

Cabrera-Pérez, C., Valencia-Gredilla, F., Royo-Esnal, A., & 
Recasens i Guinjuan, J. (2022). Organic mulches as an alternative 
to conventional under-vine weed management in Mediterranean 
irrigated vineyards. Plants, 11(20), 2785. https://doi.org/10.3390/
plants11202785

https://ives-openscience.eu/
https://doi.org/10.3390/plants9060701
https://doi.org/10.3389/fagro.2024.1375505
https://doi.org/10.3389/fagro.2024.1375505
https://doi.org/10.1046/j.1365-3180.2002.00277.x
https://doi.org/10.1016/j.polymdegradstab.2020.109126
https://doi.org/10.1016/j.polymdegradstab.2020.109126
https://doi.org/10.3390/agronomy10040584
https://www.bundesumweltministerium.de/themen/bodenschutz/fragen-und-antworten-zum-einsatz-von-glyphosat
https://www.bundesumweltministerium.de/themen/bodenschutz/fragen-und-antworten-zum-einsatz-von-glyphosat
https://doi.org/10.3390/plants11202785
https://doi.org/10.3390/plants11202785


OENO One | By IVESvolume 60–2 | 2026 12

Čížková, A., Burg, P., Zatloukal, P., & Vaidová, M. (2021). Organic 
mulch materials improve soil moisture in vineyard. Soil Science 
Annual, 72(2), 1–6. https://doi.org/10.37501/soilsa/140644

Claramunt,  J., Mas,  M.  T., Pardo,  G., Cirujeda,  A., & 
Verdu,  A.  M.  (2020). Mechanical characterization of blends 
containing recycled paper pulp and other lignocellulosic materials 
to develop hydromulches for weed control. Biosystems Engineering, 
191, 35–47. https://doi.org/10.1016/j.biosystemseng.2019.12.012

Deutscher Wetterdienst. (2021). Multi-annual mean air temperature 
and precipitation for station Würzburg/Main (ID  05703), 1991–
2020. Climate Data Center (CDC), DWD. https://opendata.dwd.de/
climate_environment/CDC/observations_germany/climate/multi_
annual/

Doğan,  M.  N., Kaya-Altop,  E., Türkseven,  S.  G., & 
Serim,  A.  T.  (2022). Determination of glyphosate-resistant 
Conyza spp. in orchards and vineyards in Turkey. Phytoparasitica, 
50, 567–578. https://doi.org/10.1007/s12600-022-00982-8

Follak,  S., Kirchinger,  M., Menger,  A., Redl,  M., Schmid,  A., 
Heßdörfer, D., Lardschneider, E., Remmele, E., Riedle-Bauer, M., 
Rosner,  F., Steinkellner,  S., Winter,  S., & Rathbauer,  J.  (2024). 
Evaluation of a Biodegradable and Sprayable Mulch Material for 
Weed Control in Vineyards and Orchards. Applied Fruit Science, 
66(5), 1727-1736. https://doi.org/10.1007/s10341-024-01163-z

Fredrikson,  L., Skinkis,  P. A., & Peachey,  E.  (2011). Cover crop 
and floor management affect weed coverage and density in an 
establishing Oregon vineyard. HortTechnology, 21(2), 208-216. 
https://doi.org/10.21273/HORTTECH.21.2.208

Gagliardi, L., Fontanelli, M., Luglio, S. M., Frasconi, C., Peruzzi, A., 
& Raffaelli,  M.  (2023). Evaluation of Sustainable Strategies for 
Mechanical Under-Row Weed Control in the Vineyard. Agronomy, 
13(12), 3005. https://doi.org/10.3390/agronomy13123005

Gaupp-Berghausen, M., Hofer, M., Rewald, B., & Zaller, J. G. (2015). 
Glyphosate-based herbicides reduce the activity and reproduction 
of earthworms and lead to increased soil nutrient concentrations. 
Scientific Reports, 5(1), 12886. https://doi.org/10.1038/srep12886

Giaccone,  M., Cirillo,  C., Scognamiglio,  P., Teobaldelli,  M., 
Mataffo, A., Stinca, A., Pannico, A., Immirzi,  B., Santagata,  G., 
Malinconico,  M., & Basile,  B.  (2018). Biodegradable mulching 
spray for weed control in the cultivation of containerized ornamental 
shrubs. Chemical and Biological Technologies in Agriculture, 5, 
1–8. https://doi.org/10.1186/s40538-018-0134-z

Gloeb,  E.,  Irmak,  S., Isom,  L., Lindquist,  J.  L., & 
Wortman, S. E. (2023). Biobased sprayable mulch films suppressed 
annual weeds in vegetable crops. HortTechnology, 33(1), 27-35. 
https://doi.org/10.21273/HORTTECH05112-22

Graglia, E., & Melander, B. (2005). Mechanical control of Cirsium 
arvense in organic farming. Proceedings of the 13th International 
IFOAM Scientific Conference, International Federation of 
Organic Agriculture Movements (IFOAM), Convention Center 
Basel, Switzerland. https://www.cabidigitallibrary.org/doi/
pdf/10.5555/20093146888

Granatstein,  D., & Mullinix,  K.  (2008). Mulching options for 
northwest organic and conventional orchards. HortScience, 43(1), 
45-50. https://doi.org/10.21273/HORTSCI.43.1.45

Hayes, D. G., Anunciado, M. B., DeBruyn, J. M., Bandopadhyay, S., 
Schaeffer,  S., English,  M., Ghimire,  S., Miles,  C., Flury,  M., 
& Sintim,  H.  Y.  (2019). Biodegradable plastic mulch films for 
sustainable specialty crop production. In T.  J.  Gutiérrez  (Ed.), 
Polymers for Agri-Food Applications (pp.  183-213). Cham: 
Springer International Publishing. https://doi.org/10.1007/978-3-
030-19416-1_11

Immirzi,  B., Santagata,  G., Vox,  G., & Schettini,  E.  (2009). 
Preparation, characterisation and field-testing of a biodegradable 
sodium alginate-based spray mulch. Biosystems Engineering, 102(4), 
461-472. https://doi.org/10.1016/j.biosystemseng.2008.12.008

Ingels, C. A., Scow, K. M., Whisson, D. A., & Drenovsky, R. E. (2005). 
Effects of cover crops on grapevines, yield, juice composition, 
soil microbial ecology, and gopher activity. American Journal of 
Enology and Viticulture, 56(1), 19-29. https://doi.org/10.5344/
ajev.2005.56.1.19

Jradi,  S., Chameeva, T.  B., Delhomme,  B., & Jaegler, A.  (2018). 
Tracking carbon footprint in French vineyards: A DEA performance 
assessment. Journal of Cleaner Production, 192, 43-54. https://doi.
org/10.1016/j.jclepro.2018.04.216

Kirchinger, M., Emberger, P., Fedeneder, S., Hafner, J., Remmele, E., 
& Widmann,  B.  (2023a). Mulch material for suppressing weeds, 
multicomponent system and device and method for applying a 
liquid mulch material (European Patent No.  EP  4  189  034  A1). 
European Patent Office. https://worldwide.espacenet.com/patent/
search?q=EP4189034A1

Kirchinger,  M., Holzknecht,  E., Redl,  M., Steinkellner,  S., 
Emberger, P., & Remmele, E. (2024). A spray-on environmentally 
friendly degradable mulch material and its high efficiency in 
controlling above-ground biomass of weeds in greenhouse 
experiments. Journal of Plant Diseases and Protection, 131(3), 
1009-1020. https://doi.org/10.1007/s41348-024-00900-6

Kirchinger, M., Menger, A., Heßdörfer, D., & Remmele, E. (2023b). 
Spritzbares Mulchmaterial im Wein- und Obstbau. Straubing: 
Technologie- und Förderzentrum im Kompetenzzentrum für 
Nachwachsende Rohstoffe (TFZ). Berichte aus dem TFZ, 83.

Kudsk, P., & Mathiassen, S. K. (2020). Pesticide regulation in the 
European Union and the glyphosate controversy. Weed Science, 
68(3), 214-222. https://doi.org/10.1017/wsc.2019.59

Lososová, Z., Chytrý, M., Cimalová, S., Kropáč, Z., Otýpková, Z., 
Pyšek, P., & Tichý, L.  (2004). Weed vegetation of arable land in 
Central Europe: Gradients of diversity and species composition. 
Journal of Vegetation Science, 15(3), 415-422. https://doi.
org/10.1111/j.1654-1103.2004.tb02279.x

Louchart,  X., Voltz,  M., Andrieux,  P., & Moussa,  R.  (2001). 
Herbicide transport to surface waters at field and watershed scales in 
a Mediterranean vineyard area. Journal of Environmental Quality, 
30(3), 982-991. https://doi.org/10.2134/jeq2001.303982x

MacLaren, C., Storkey, J., Menegat, A., Metcalfe, H., & Dehnen-
Schmutz,  K.  (2020). An ecological future for weed science to 
sustain crop production and the environment. A review. Agronomy 
for Sustainable Development, 40, 1-29. https://doi.org/10.1007/
s13593-020-00631-6

Madrid, B., Wortman, S., Hayes, D. G., DeBruyn, J. M., Miles, C., 
Flury,  M., Marsh,  T., Galinato,  S.  P., Englund,  K., Agehara,  S., 
& DeVetter,  L.  W.  (2022). End-of-life management options for 
agricultural mulch films in the United States—A review. Frontiers 
in Sustainable Food Systems, 6, 921496. https://doi.org/10.3389/
fsufs.2022.921496

Mairata, A., Labarga,  D., Puelles,  M., Rivacoba,  L., Portu,  J., & 
Pou,  A. (2024). Organic Mulching Versus Soil Conventional 
Practices in Vineyards: A Comprehensive Study on Plant Physiology, 
Agronomic, and Grape Quality Effects. Agronomy, 14(10), 2404. 
https://doi.org/10.3390/agronomy14102404

Mas,  M.  T., Pardo,  G., Pueyo,  J., Verdú,  A.  M.  C., & 
Cirujeda,  A.  (2021). Can hydromulch reduce the emergence of 
perennial weeds? Agronomy, 11, 393. https://doi.org/10.3390/
agronomy11020393

Anja Menger et al.

https://ives-openscience.eu/
https://doi.org/10.37501/soilsa/140644
https://doi.org/10.1016/j.biosystemseng.2019.12.012
https://opendata.dwd.de/climate_environment/CDC/observations_germany/climate/multi_annual/
https://opendata.dwd.de/climate_environment/CDC/observations_germany/climate/multi_annual/
https://opendata.dwd.de/climate_environment/CDC/observations_germany/climate/multi_annual/
https://doi.org/10.1007/s12600-022-00982-8
https://doi.org/10.1007/s10341-024-01163-z
https://doi.org/10.21273/HORTTECH.21.2.208
https://doi.org/10.3390/agronomy13123005
https://doi.org/10.1038/srep12886
https://doi.org/10.1186/s40538-018-0134-z
https://doi.org/10.21273/HORTTECH05112-22
https://www.cabidigitallibrary.org/doi/pdf/10.5555/20093146888
https://www.cabidigitallibrary.org/doi/pdf/10.5555/20093146888
https://doi.org/10.21273/HORTSCI.43.1.45
https://doi.org/10.1007/978-3-030-19416-1_11
https://doi.org/10.1007/978-3-030-19416-1_11
https://doi.org/10.1016/j.biosystemseng.2008.12.008
https://doi.org/10.5344/ajev.2005.56.1.19
https://doi.org/10.5344/ajev.2005.56.1.19
https://doi.org/10.1016/j.jclepro.2018.04.216
https://doi.org/10.1016/j.jclepro.2018.04.216
https://worldwide.espacenet.com/patent/search?q=EP4189034A1
https://worldwide.espacenet.com/patent/search?q=EP4189034A1
https://doi.org/10.1007/s41348-024-00900-6
https://doi.org/10.1017/wsc.2019.59
https://doi.org/10.1111/j.1654-1103.2004.tb02279.x
https://doi.org/10.1111/j.1654-1103.2004.tb02279.x
https://doi.org/10.2134/jeq2001.303982x
https://doi.org/10.1007/s13593-020-00631-6
https://doi.org/10.1007/s13593-020-00631-6
https://doi.org/10.3389/fsufs.2022.921496
https://doi.org/10.3389/fsufs.2022.921496
https://doi.org/10.3390/agronomy14102404
https://doi.org/10.3390/agronomy11020393
https://doi.org/10.3390/agronomy11020393


OENO One | By IVES 2026 | volume 60–2 13

Mordhorst,  A., Zimmermann,  I., Fleige,  H., & Horn,  R.  (2017). 
Changes in soil aeration and soil respiration of simulated grave soils 
after quicklime application. Journal of Plant Nutrition and Soil 
Science, 180(2), 153-164. https://doi.org/10.1002/jpln.201600351

Moysiadis,  V., Kateris,  D., Katikaridis,  D., Vasileiadis,  G., 
Kolorizos,  V., Tagarakis,  A.  C., & Bochtis,  D.  (2022). A Real-
time Approach System for Vineyards Intra-row Weed Detection. 
Proceedings of the 12th Hellenic Association for Information 
and Communication Technologies in Agriculture Conference 
(HAICTA), Kos Island, Greece, 39-44.

Némethy,  L., Májer,  J., Varga,  P., Németh,  C., Fenyvesi,  L., & 
Szabó,  I.  (2006). Mulching in grape plantations. International 
Journal of Horticultural Science, 12(4), 25-31. https://hdl.handle.
net/2437/314411

Ngouajio,  M., & McGiffen,  M.  E.  (2004). Sustainable vegetable 
production: effects of cropping systems on weed and insect 
population dynamics. In L. Bertschinger & J. D., Anderson (Eds.), 
XXVI International Horticultural Congress: Sustainability of 
Horticultural Systems in the 21st Century (638, pp. 77-83). https://
doi.org/10.17660/ActaHortic.2004.638.8

Pergher, G., Gubiani, R., & Mainardis, M. (2019). Field testing of 
a biomass-fueled flamer for in-row weed control in the vineyard. 
Agriculture, 9(10), 210. https://doi.org/10.3390/agriculture9100210

Rathore,  A.  L., Pal,  A.  R., & Sahu,  K.  K.  (1998). Tillage and 
mulching effects on water use, root growth and yield of rainfed 
mustard and chickpea grown after lowland rice. Journal of the 
Science of Food and Agriculture, 78(2), 149-161. https://doi.
org/10.1002/(SICI)1097-0010(199810)78:2%3C149::AID-
JSFA94%3E3.0.CO;2-U

Ruiz-Colmenero,  M., Bienes,  R., Eldridge,  D.  J., & 
Marques,  M.  J.  (2013). Vegetation cover reduces erosion and 
enhances soil organic carbon in a vineyard in the central Spain. 
Catena, 104, 153-160. https://doi.org/10.1016/j.catena.2012.11.007

Ruiz-Colmenero, M., Bienes, R., & Marques, M. J. (2011). Soil and 
water conservation dilemmas associated with the use of green cover 
in steep vineyards. Soil and Tillage Research, 117, 211-223. https://
doi.org/10.1016/j.still.2011.10.004

Sartore,  L., Vox,  G., & Schettini,  E. (2013). Preparation and 
performance of novel biodegradable polymeric materials based on 
hydrolyzed proteins for agricultural application. Journal of Polymers 
and the Environment, 21, 718-725. https://doi.org/10.1007/s10924-
013-0574-2

Sauvage,  D.  (1995). La lutte contre l’erosion grace aux mulchs: 
Interet et limites. Phytoma-La Défense des Végétaux, 478, 43-46.

Selleck,  G.  W.  (1965). An ecological study of lens-and globe-
podded hoary cresses in Saskatchewan. Weeds, 13(1), 1–5. https://
doi.org/10.2307/4041082

Shen, L., Zhang, Y., Lan, Y., & Li, R. (2019). Effects of degradable 
films with different degradation cycles on soil temperature, 
moisture and maize yield. International Journal of Agricultural and 
Biological Engineering, 12(3), 36–44. https://doi.org/10.25165/j.
ijabe.20191203.4065

Sozzi, M., Pasquetti, E., De Ros, A., & Ferro, F. (2021). Performance 
evaluation of automated implement for vineyard mechanical weed 
control. Proceedings of the 20th International Scientific Conference 
Engineering for Rural Development, Jelgava, Latvia, Vol.  27. 
https://doi.org/10.22616/ERDev.2021.20.TF282

Thomson, L. J., & Hoffmann, A. A. (2007). Effects of ground cover 
(straw and compost) on the abundance of natural enemies and soil 
macro invertebrates in vineyards. Agricultural & Forest Entomology, 
9(3). https://doi.org/10.1111/j.1461-9563.2007.00322.x

van Leeuwen, C., Destrac-Irvine, A., Dubernet, M., Duchêne, E., 
Gowdy, M., Marguerit, E., Pieri, P., Parker, A., de Rességuier, L., 
& Ollat, N. (2019). An update on the impact of climate change in 
viticulture and potential adaptations. Agronomy, 9(9), 514. https://
doi.org/10.3390/agronomy9090514

VDLUFA. (1991). Methodenbuch, Band  1: Die Untersuchung 
von Böden (Grundwerk). Verband Deutscher Landwirtschaftlicher 
Untersuchungs- und Forschungsanstalten e.V., Darmstadt, Germany. 
ISBN 9783922712596.

Virto, I., Imaz, M. J., Fernández-Ugalde, O., Urrutia, I., Enrique, A., 
& Bescansa,  P.  (2012). Soil quality evaluation following the 
implementation of permanent cover crops in semi-arid vineyards. 
Organic matter, physical and biological soil properties. Spanish 
Journal of Agricultural Research, 10, 1121–1132. https://doi.
org/10.5424/sjar/2012104-613-11

Vox,  G., Santagata,  G., Malinconico,  M., Immirzi,  B., 
Scarascia  Mugnozza,  G., & Schettini,  E.  (2013). Biodegradable 
films and spray coatings as eco-friendly alternative to petro-chemical 
derived mulching films. Journal of Agricultural Engineering, 44(2). 
https://doi.org/10.4081/jae.2013.286

Warnick,  J.  P., Chase,  C.  A., Rosskopf,  E.  N., Simonne,  E.  H., 
Scholberg,  J.  M., Koenig,  R.  L., & Roe,  N.  E.  (2006). Weed 
suppression with hydramulch, a biodegradable liquid paper mulch 
in development. Renewable Agriculture and Food Systems, 21(4), 
216–223. https://doi.org/10.1079/RAF2006154

Weiss, B., Ahmad, W., Maupin, B., McFadden, D., Bajwa, D. S., 
Durado,  A., Weyers,  S., Galinato,  S.  P., Gramig,  G., & 
DeVetter,  L.  W.  (2025). Hydromulch maintains strawberry 
yield, fruit quality, and plant nutrition across two contrasting 
environments. HortScience, 60(1), 111–117. https://doi.
org/10.21273/HORTSCI18224-24

Ying, G. G., & Williams, B. (1999). Herbicide residues in grapes 
and wine. Journal of Environmental Science & Health Part  B, 
34(3), 397-411. https://doi.org/10.1080/03601239909373205

Zhang, X., You, S., Tian, Y., & Li, J. (2019). Comparison of plastic 
film, biodegradable paper and bio-based film mulching for summer 
tomato production: Soil properties, plant growth, fruit yield and 
fruit quality. Scientia Horticulturae, 249, 38-48. https://doi.
org/10.1016/j.scienta.2019.01.037

https://ives-openscience.eu/
https://doi.org/10.1002/jpln.201600351
https://hdl.handle.net/2437/314411
https://hdl.handle.net/2437/314411
https://doi.org/10.17660/ActaHortic.2004.638.8
https://doi.org/10.17660/ActaHortic.2004.638.8
https://doi.org/10.3390/agriculture9100210
https://doi.org/10.1002/(SICI)1097-0010(199810)78:2%3C149::AID-JSFA94%3E3.0.CO;2-U
https://doi.org/10.1002/(SICI)1097-0010(199810)78:2%3C149::AID-JSFA94%3E3.0.CO;2-U
https://doi.org/10.1002/(SICI)1097-0010(199810)78:2%3C149::AID-JSFA94%3E3.0.CO;2-U
https://doi.org/10.1016/j.catena.2012.11.007
https://doi.org/10.1016/j.still.2011.10.004
https://doi.org/10.1016/j.still.2011.10.004
https://doi.org/10.1007/s10924-013-0574-2
https://doi.org/10.1007/s10924-013-0574-2
https://doi.org/10.2307/4041082
https://doi.org/10.2307/4041082
https://doi.org/10.25165/j.ijabe.20191203.4065
https://doi.org/10.25165/j.ijabe.20191203.4065
https://doi.org/10.22616/ERDev.2021.20.TF282
https://doi.org/10.1111/j.1461-9563.2007.00322.x
https://doi.org/10.3390/agronomy9090514
https://doi.org/10.3390/agronomy9090514
https://doi.org/10.5424/sjar/2012104-613-11
https://doi.org/10.5424/sjar/2012104-613-11
https://doi.org/10.4081/jae.2013.286
https://doi.org/10.1079/RAF2006154
https://doi.org/10.21273/HORTSCI18224-24
https://doi.org/10.21273/HORTSCI18224-24
https://doi.org/10.1080/03601239909373205
https://doi.org/10.1016/j.scienta.2019.01.037
https://doi.org/10.1016/j.scienta.2019.01.037

