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Abstract: Increasing vulnerability of crops to pests and diseases, problems with soil erosion, a decline
in biodiversity and a number of other negative impacts caused by agricultural intensification and
monocultural production have been the subjects of many studies in recent decades. Today, cover
cropping has become a promising practice to defuse these negative impacts, and it is emerging in
many wine-producing regions, including the Czech Republic. However, the importance of permanent
natural and semi-natural habitats in agricultural production should not be neglected. In this study,
the effect of adjacent non-crop vegetation on plant and insect diversity was evaluated. The highest
plant species richness of inter-row vegetation was found in vineyards with a high proportion (>40%)
of non-crop vegetation within a 500-m radius. Regarding the agricultural impact of inter-row
vegetation, the high proportion of non-crop vegetation could have been related to the higher presence
of opportunistic and non-harmful weeds, compared with the presence of dangerous weed species.
The number of insect families present in inter-rows was probably affected more by the vegetation
coverage rate than by the proportion of adjacent non-crop vegetation. However, the occurrence of
the Hymenoptera species, often representing beneficial organisms, was related to localities with a
high proportion of adjacent non-crop vegetation.

Keywords: biodiversity; Vitis vinifera L.; habitat management; ecosystem service; plant species
richness; cover crops

1. Introduction

Agricultural intensification reduces the richness of plant species, resulting in sim-
plified community structures and a decline in ecosystem stability and ecosystem service
functionality [1-4]. Generally, the homogenisation of agricultural landscapes, including
grapevine production, leads to a higher vulnerability of crops to pests and disease [5].
Maintaining landscape heterogeneity by keeping or creating natural or semi-natural habi-
tats (non-crop vegetation) helps conserve biodiversity and provides more effective pest
control [6-9]. According to Boller et al. [10], ecological infrastructures are any infrastruc-
tures at a farm or within a radius of the order of 150 m of the farm that have an ecological
value to the farm and, due to their function, may be classified as (1) large permanent
habitats of fauna, (2) stepping-stones (habitats of smaller size allowing the build-up of tem-
porary animal populations) and (3) corridor structures (assisting animal species in moving
between large habitats and small stepping-stones). Importance of non-crop vegetation for
enhancing of some groups of natural enemies in vineyards, like those benefitting from
nectar resources [11-13] or parasitoid populations [14,15] has already been reported. It

Agronomy 2021, 11, 1073. https://doi.org/10.3390/agronomy11061073

https:/ /www.mdpi.com/journal /agronomy


https://www.mdpi.com/journal/agronomy
https://www.mdpi.com
https://orcid.org/0000-0002-6295-5457
https://orcid.org/0000-0003-0492-6401
https://doi.org/10.3390/agronomy11061073
https://doi.org/10.3390/agronomy11061073
https://doi.org/10.3390/agronomy11061073
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3390/agronomy11061073
https://www.mdpi.com/journal/agronomy
https://www.mdpi.com/article/10.3390/agronomy11061073?type=check_update&version=2

Agronomy 2021, 11, 1073

20f 14

was also stated that vegetation within the broader landscape can be important as well as
vegetation directly adjacent to fields; however, the relative importance of these components
was rarely evaluated [16,17]. Studies by Nascimbene et al. [18] and Mania et al. [19] showed
a significant increase in the richness of plant species in vineyards in response to adjacent
proportions and types of semi-natural habitats. However, according to Hall et al. [20], the
landscape diversity or semi-natural habitat elements were less important parameters in
explaining species diversity compared to vineyard management. The average proportion
of adjacent non-crop vegetation at vineyard sites in the South Moravian wine-producing
municipalities varies from 6 percent in e.g., Velké Bilovice to 12 percent in Mikulov [21].
This study investigates the effect of non-crop vegetation at selected vineyard sites in the
South Moravian Region (Czech Republic), hypothesising that the proportion of adjacent
semi-natural habitats affects (i) the plant species richness and the presence of aggressive
weed species and (ii) the occurrence of invertebrates.

2. Materials and Methods
2.1. Locality Description, Vegetation Evaluation and Insect Sampling

Inter-row vegetation and invertebrate occurrence in three vineyard sites in the South
Moravia Region were evaluated during two years (2018 and 2019). Evaluations were
performed from June to September, always once per month, resulting in eight evaluation
terms in total. In the Czech Republic, a vineyard site is a legislatively established area
designated for growing grapevines. The vineyard sites selected for this study are Pfedni
hora (PH) (48°5159.7” N, 16°52'39.5” E) and Nova hora (NH) (48°52'22.4” N, 16°52/03.7” E)
from the Velké Bilovice district and Pod Palavou (PP) (48°50'15.7” N 16°37/42.9” E) in the
Bavory (Mikulov) district. The distance between NH and PH is 1.5 km and site PP is located
17.5 km from those two. In all three vineyards grapes are grown for wine production;
variety Sauvignon at PH, Blue Frankish at NH and Pinot blanc at PP. Grapevines at all
three vineyards are vertical shoot position (VSP) trained and spacing is 2.3 m x 0.9 m at PP
and PH, and 2.2 m x 0.85 m at NH. The age of the grapevine plants at all three localities
ranged from 10 to 14 years. A radius of 500-m was selected in order to cover land structure
with ecological infrastructures where insect migration and seed dispersal take place. The
non-crop vegetation proportion within a 500-m radius of the place of evaluation was
calculated using QGIS 3.10.2 A Coruria (Open Source Geospatial Foundation, Beaverton,
OR, USA, 2020). The non-crop vegetation proportion within this area was 42 percent in PP,
7 percent in PH and 2 percent in NH (Figure 1). The area of non-crop vegetation includes
natural and semi-natural habitats, such as meadows, shrubs, groves, forests and alleys.
The weather conditions during the evaluating period are specified in Table 1.
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Pod Palavou (PP) (Bavory, Mikulov, Czech Republic)

Figure 1. Aerial pictures of three selected vineyard sites, with a marked 500-m radius from the
evaluated inter-row.
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The inter-row vegetation cover at all localities was classified as spontaneous (not a
sowed commercial mixture), older than one year, and in all three localities, integrated
production management (IPM) was practised. Soil type at all evaluated sites is chernozem.
Similar operations are being carried out during vineyard cultivation; under-wine was
cultivated by mechanical weeding and inter-row was mowed or mulched according to
need (2-3 x during season). Regarding the use of fertilizers, organic manure was applied
before vineyards’ planting. Later on, in order to keep crop yield, mineral fertilizes (NPK) are
applied in the spring approximately once per three years. No fertilizers were applied during
both experimental years at any of three evaluated localities. According to soil analysis
of Nmin, P, K and Ca determined by the Mehlich III test method [22], nutrient content
in localities Velké Bilovice and Bavory-Mikulov was similar (Supplemental Table S1).
Mulching of inter-row vegetation served as a source of organic material every year.

Vegetation evaluation and invertebrate sampling were conducted in vineyard inter-
rows. The inter-row vegetation was evaluated using a phytosociological survey [23] in
three repetitions per each evaluation term. Each plot for the phytosociological surveys had
a width and length of two meters. The plant species were determined and sorted into three
categories (Table 2): (i) dangerous weeds, (ii) opportunistic weeds and (iii) non-harmful
weeds, according to Urban and Saraptka [24].

Table 1. Weather conditions during months of evaluation in years 2018 and 2019 [25].

Vineyard May June July August
Site teoa Ramfagl t O Rainfall t O Rainfall tCO) Rainfall
(mm) (mm) (mm) (mm)
, 2018 18.90 42.78 22.1 39.06 22.3 36.58 24.4 13.33
Pod Palavou

2019 13.1 104.47 23.6 26.97 21.8 97.03 22.1 63.86
Piedni hora, 2018 18.2 87.78 20.6 43.23 21.7 58.08 24 24.09
Nova hora 2019 12.4 155.43 22.9 95.7 21.1 101.31 21.7 113.85

2 average monthly air temperature, ® sum of monthly precipitation amounts.

Table 2. Classification of weed species, according to Urban and éarapatka [24], in the Czech Republic.

Category

Description Example (General)

Dangerous weeds

Amaranthus retroflexus L., Atriplex spp., Avena fatua L.
large plants in low amounts, very high ability ~ Chenopodium sp., Cirsium arvense (L.) Scop., Datura stramonium
to reproduce (noxious, invasive) L., Echinochloa crus-galli (L.) P. B., Elytrigia repens (L.) Nevski,
Hyoscyamus niger L., Rumex obtusifolius L., R. crispus L.

Opportunistic weeds

most common weeds, mid-growth, integrated
in vegetation cover, not problematic, easily
controlled by preventive measures, only
problem when over-reproduced

Capsella bursa-pastoris (L.) Med., Centaurea cyanus L., Mercurialis
annua L., Papaver rhoeas L., Polygonum aviculare L., Setaria sp.,
Stellaria media (L.) Vill., Thlapsi arvense L., Viola arvensis Murray

Non-harmful weeds

large group of small plant species, with
ground growth, no problems even when over-
reproduced, controlled by common
agrotechnical practices

Anagallis arvensis L., Daucus carota L., Geranium pusillum
Burm.fil., Medicago lupulina L., Trifolium pratense L., Valerianella
locusta (L.) Laterr., Veronica spp.

The sampling of invertebrates was done in three repetitions always at a six-meter-
long plot, including the plot for phytosociological surveys. A 0.3-m diameter sweep net
was used. As described by Doxon et al. [26], the upper 25 to 30 percent of vegetation
was swept by a net in two-meter wide arc, while the researcher walked at a constant
pace. Each invertebrate sampling plot was six metres long and represented approximately
20 sweeps. The invertebrate sampling and vegetation evaluation were always done in the
first week of the month (June, July, August and September) during the morning hours
(9-11 a.m.) on a day with suitable weather conditions: sunny, no rain and weak or no
wind. To avoid disturbing the invertebrates, the sweep-netting was done prior to the
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phytosociological survey. All invertebrates caught by the sweep net were determined using
the digital microscope Keyence VHX 6000 (Keyence International, Osaka, Japan) and sorted
to orders and families. Vegetation evaluation and invertebrate sampling were done using
the same plots.

2.2. Data Analysis

Collected data from the phytosociological survey and invertebrate sampling were anal-
ysed using Canoco 5 (Biometris, Wageningen University and Research Centre, Wageningen,
The Netherlands; University of South Bohemia in Ceské Budgjovice, Ceské Budéjovice,
Czech Republic) software for multivariate analysis of ecological data. The gradient of re-
sponse data for vegetation-locality analysis was 0.6 SD (standard deviation) units long, and
redundancy analysis (RDA) was chosen as a statistical method. The gradients of response
data for insect occurrence analysis and analysis of the relationship between selected plant
families and insect orders were 1.0 SD units long, and the redundancy analysis (RDA)
was chosen as a statistical method as well. The statistical significance of the results was
calculated with the Monte-Carlo permutation test (999 permutations) [27].

3. Results
3.1. Vegetation Diversity and Number of Plant Species

The results of the RDA (Figure 2) indicate that the highest plant species diversity
(number of species) was at the Pod Palavou (PP) vineyard site. Most of the plants at this
site were classified as opportunistic weeds. The coverage rate of the evaluated inter-rows
was similar in sites PP and PH, as was the presence of non-harmful weeds. By contrast,
the presence of dangerous weeds was highest, and the number of species was lowest, at
the PH site. Lowest coverage rate and presence of non-harmful weeds were assessed in
the inter-row of NH, expressed by a strong negative correlation in the ordination diagram.
Results are significant at the significance level p = 0.02.
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Figure 2. Ordination diagram of RDA, describing the distribution of three categories of weed species,
the number of species and the coverage according to three different localities. Explanatory notes:
OporWeed—opportunistic weeds; Non-weed—non-harmful weeds; DangWeed—dangerous weeds
(average coverage rate [%] per two-metre-long plot in inter-row); Coverage—ground cover coverage
rate (average coverage rate [%] per two-metre-long plot in inter-row); No. of Species—average
number of plant species present in three two-metre-long plots in inter-row, pseudo-F = 3.2, p = 0.02.
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3.2. Proportion of Grass, Lequminous and Other Dicotyledonous Species in Inter-Row Vegetation

The proportion of grass species (including genera Bromus, Echinochloa, Eltrygia, Festuca,
Hordeum, Lolium, Poa and Setaria in this study) was similar at all locations, with the lowest
proportion (39-48%) at the Pod Péalavou (PP) vineyard site, around 50 percent at Pfedni
hora (PH) and the highest (~57-60%) at the Nova hora (NH) vineyard site. The proportion
of leguminous species (including Astragalus, Lathyrus, Medicago, Onobrychis, Trifolium
and Vicia spp. in this study) was slightly higher at the PP site than it was at the PH
site. Within the evaluation plots of the inter-rows of site NH, no leguminous species
occurred. The other dicotyledonous plants include many species from several families in
this study (Amaranthaceae, Apiaceae, Asteraceae, Boraginaceae, Brassicaceae, Caryophyllaceae,
Convolvulaceae, Geraniaceae, Hypericaceae, Lamiaceae Malvaceae, Papaveraceae, Polygonaceae,
Portulacaceae, Plantaginaceae, Rosaceae and Violaceae), and the proportion was from 36 to
49 percent within all localities (Figure 3).

A list of all plant species of inter-row vegetation, sorted to families, found at three
evaluated vineyards and their appearance on the phytosociological survey plot in all
sampling terms is available in Supplemental Table S2.

PROPORTION OF GRASSES, LEGUMES AND OTHERDICOYTENODS

M Poaceae Fabacecae M Other dicotyledonous

10% 12% 16% b
= Z n I =z Z e o = Z ; o
= = = e = = = o = = = @
5 IT] > = o = & b =
2 w = Ll =X Ll
< - <t - < =
o o o
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PREDNI HORA NOVA HORA POD PALAVOU

Figure 3. Coverage rates of grasses (Poaceae), legumes (Fabaceae) and other dicotyledonous plants in inter-row vegetation
from June to September at three localities.

3.3. Insect Occurrence and Diversity

The results of the ordination analysis indicate a positive correlation between the
number of present invertebrate families in the inter-rows and the number of plant species
and the ground cover coverage rate in the inter-rows. The number of plant species was
highest at the PP site, and also at this site was the highest number of present invertebrates
from Orthoptera, Hymenoptera and Arachnida. The occurrences of the Diptera and
Hemiptera species were similar at the PP and PH sites. The lowest presence of Coleoptera
was found at the PP site and the highest at the PH site. Due to very low occurrence (0.1-0.04
on average per all sampling terms and plots) of Dermaptera, Lepidoptera, Neuroptera,
Orthoptera and Thysanoptera species, those orders were not included in RDA analysis in
order to maintain the lucidity of the analysis. The coverage rate, as well as the number
of insect families, was lowest at the NH site (Figure 4). The results are significant at
significance level p = 0.008.
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Figure 4. RDA ordination diagram describing the relationship between the presence of insect orders,
ground cover coverage, the number of insect families, the number of plant species and the three
different localities, pseudo-F = 3.9, p = 0.008. Explanatory notes: ARACHNID—Arachnida, COLEO—
Coleoptera, HEMI—Hemiptera, HYMENO—Hymenoptera, ORTHO—Orthoptera (average per
six-metre-long sampling plot in inter-row; Coverage—ground cover coverage (%); InsectFamilies—
average number of insect families per six-metre-long sampling plot in inter-row; PlantSpecies—
average number of plant species per two-metre-long sampling plot in inter-row.

The plant families selected for the next analysis (Figure 5) are those with a coverage
rate higher than ten percent, at least in one locality and at least in one evaluation term.
Since the families Amaranthaceae and Convolvulaceae included only dangerous weed
species (Amaranthus sp., Atriplex sp., Chaenopodium sp. and Convolvulus sp.) in this study;,
those two families were separated from other dicotyledonous species. The sum of the
coverage rates of those two families was also locally higher than ten percent. Selected insect
orders included the most abundant orders regarding the average number of individuals
per six-metre-long sampling plot per evaluation term. The plant families Asteraceae,
Lamiaceae and Caryophyllaceae had a higher coverage rate at the PP site. The coverage
rate of Amaranthaceae and Convolvulaceae was highest at the NH site. Species from the
Poaceae family and other dicotyledons tended to have higher coverage at the PH site. The
coverage rates of leguminous species (Fabaceae) were similar at PP and PH, and a negative
correlation between NH and this plant family was found. The RDA ordination diagram
indicates the positive correlation between the following insect orders and plant families:
Diptera with Poaceae and other dicotyledons; Hemiptera with Fabaceae; Hymenoptera
with Caryophyllaceae (Figure 5). The results are significant at significance level p = 0.008.

The two-year average numbers of invertebrates per sampling term (June, July, August,
September) per six-meter-long sampling plot in inter-row at three evaluated vineyards
sorted to orders and families are stated in Supplemental Table S3.

The average number of plant species and invertebrate families per evaluation plot
from all repetitions and all evaluation terms was highest at the vineyard site with the
highest proportion (42%) of adjacent non-crop vegetation (PP). The average coverage rate
during the evaluation period was highest (71.21%) at the PH site and slightly lower (68.96%)
at the PP site. Plant species richness was the highest at the PP site, where, during the eight
sampling terms within two years, 30 plant species were found. The number of plant species
at the NH and PH sites seems lower (21 and 17, respectively). Table 3 reports indicative
results only.
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Figure 5. RDA ordination diagram of relationships between selected insect orders and plant fam-
ilies related to the three different localities, pseudo —F = 3.2, p = 0.008. The “other dicotyledons’
group includes Apiaceae, Boraginaceae, Brassicaceae, Geraniaceae, Hypericaceae, Malvaceae, Papaveraceae,
Polygonaceae, Portulacaceae, Plantaginaceae, Rosaceae and Violaceae.

Table 3. Two-year average ground cover coverage rate, number of species and number of invertebrates” families per

evaluation plots at three vineyard sites with various proportions of surrounding non-crop vegetation.

Proportion of Average P Coverage S Total Number No. of Invertebrates’
Non-Crop Rate (%) No. of Plant Species of Plant Families ¢
Vegetation ? (%) ate tho Species 4
S.E. S.E. S.E.
Pfedni Hora 7 71.21 413 9.08 0.77 17 10.25 0.76
Nova Hora 2 52.08 5.41 7.79 0.59 21 8.96 0.90
Pod Palavou 42 68.96 1.90 11.04 0.61 30 11.08 0.75

2 proportion of non-crop vegetation within 500-m radius of the place of evaluation; ® average ground cover coverage rate per two-metre-long
plot of inter-row from all evaluation terms, n = 24; € average number of plant species found on two-metre-long plot of inter-row from all
eight evaluation terms, n = 24; d total number of plant species found within all three repetitions and all evaluation terms; ¢ average number
of invertebrate families per six-metre-long sampling plot in inter-rows from all evaluation terms, n = 24.

4. Discussion
4.1. Plant Vegetation Diversity and Number of Plant Species

Congruently with studies by Nascimbene et al. [18] and Mania et al. [19], our re-
sults in this study suggest a possible positive impact of adjacent non-crop vegetation on
plant species richness. According to Nascimbene et al. [18], the location of vineyards in
landscapes with a proportion of semi-natural habitats higher than 40 percent significantly
increases plant species richness in comparison to crop landscapes with less than 30 percent
semi-natural habitats. In our study, the examined locality with a 42 percent non-crop vege-
tation proportion showed a positive correlation with the number of plant species (plant
species richness). By contrast, the study by Hall et al. [20] showed only slightly higher
plant species richness in vineyards with a high proportion of semi-natural habitats (44%)
compared with those with a proportion of around nine percent of semi-natural habitats.
However, in that study, the vineyards of various countries were evaluated, and perhaps the
local climate conditions affected plant species richness more than semi-natural elements
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did [20]. Since our study was conducted in localities within the South Moravian Region,
where the weather conditions are similar at all evaluated vineyards, the possible effects of
weather conditions on the results of our study should be minimal.

Regarding the classification of the weeds present in vineyard inter-rows, in the vine-
yard with a high non-crop vegetation proportion (PP), mostly opportunistic weeds were
present. No significant correlation was found in the occurrence of dangerous weeds
(Figure 2); however, the detailed analysis of selected plant families (Figure 5) indicates
a positive correlation of the NH locality with the occurrence of weed species from the
Amaranthaceae and Convolvulaceae families. The coverage rate in the NH locality was gener-
ally lower than it was at the two other localities (Table 3), which might explain the higher
occurrence of Amaranthaceae and Convolvulaceae weeds. Several authors have highlighted
the importance of successful cover crop establishment and a sufficient coverage rate to
achieve effective weed suppression [28,29]. Soil nutrient content is another important factor
that affects vegetation cover composition [30,31]. For example, several studies reported a
positive response of Amaranthus growth to content of nitrogen [32,33]. Phosphorus plays
important role in development and growth of legumes [34]. In our study, soil nutrient
(Nmin, P, K, Ca) content at locality NH and PP was similar (Supplemental Table S1), and
no fertilizer was applied during two years of evaluation. Nevertheless, soil microbiome
can significantly affect availability of nutrients for the plants [35,36]. Differences in nutrient
content and nutrient availability for plants might contribute to considerable differences
between vegetation cover in PP and NH, however, study of soil microbiome and nutrient
availability were not included in this study to support this suggestion.

A higher occurrence of noxious weeds leads to more intensive management (mechani-
cal weed control, herbicide use), resulting in lower plant species richness and supporting
the noxious, often herbicide-tolerant weed species itself [20,37,38]. Even though cover
cropping is a promising practice supporting plant species richness in vineyards, the es-
tablishing of such ground cover remains strongly dependent on weather conditions, and
very often, the weeds from soil seed banks are present anyway [39,40]. Thus, as a source of
biodiversity, the conservation and creation of semi-natural habitats that surround vineyards
might support plant species richness better than only cover cropping by itself [1].

In our study, no significant difference was found between the ground cover coverage
rates of the sites with a higher (42%) and a lower (7%) proportion of adjacent non-crop
vegetation. However, at the site with two percent of adjacent non-crop vegetation, a
negative correlation was found.

4.2. Proportion of Grass, Leguminous and Other Dicotyledonous Species in Inter-Row Vegetation

Legumes (Fabaceae) are important and valuable cover crops, since they fix atmospheric
nitrogen. The accumulation of nitrogen by leguminous cover crops ranges from 45 to 220 kg
per hectare [41]. According to a study by Sulas at al. [42], in Mediterranean vineyards
(Sardinia), leguminous cover crops (Medicago sp.) were promoting 25 percent more of the
total N compared with grass cover crops. Integrated pest management (IPM) production
of grapevines in the Czech Republic requires the use of a cover crop in at least every other
inter-row. In the case of using cover crop mixtures, the minimal sowing amount of the
cover crop is 20 kg-ha~!. The sowing mixture has to consist of at least five leguminous
species, at least two grass species, and at least three other dicotyledonous species [43]. In
California, recommendations for vineyard cover crop includes various grass species e.g.,
Hordeum vulgare L., Secale cereale L., Poa, Bromus and Lolium spp. and several leguminous
cover crops (Vicia dasycarpa Ten. Vicia atropurpurea L., Trifolium, Medicago spp.) [44]. In our
study, the proportion coverage rate of legumes varies from 10 to 14 percent at PH and from
11 to 16 percent at PP. By contrast, no legumes were present at NH during the evaluation
terms. Considering the short distance between NH and PH, and similar management
during the evaluation period, the difference in proportion of Fabaceae might be caused
by different management of surrounding vineyards and other landscape elements, soil
microbiome, availability of nutrients, or other factors that were not included in our analysis.
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The coverage rates of legumes at PH and PP were similar; however, the composition of
species differs. At locality PH, the dominant leguminous species covering the vineyard
inter-row were Trifolium and Medicago spp., while at the PP locality, the Fabaceae with the
highest coverage rates were Astragalus spp. grasses, as well as legumes, which are a very
efficient cover crop. The dense and fibrous root systems of grasses reduce soil erosion and
surface runoff [40,41,45]. The proportion of grass coverage rate was the highest (60%) at
NH and 39 to 50 percent at PH and PP. Grasses are higher in carbon than legume cover
crops [41]. Optimising the cover crop mixture for vineyard inter-rows is a challenging task,
and many factors (e.g., soil type, local climate conditions, age of grapevine plants) have to
be considered to achieve most of the benefits provided by cover crops.

4.3. Insect Occurrence and Diversity

At the Pod Palavou (PP) location, the occurrence of insect species from Hymenoptera,
Orthoptera and spiders (Arachnida) positively correlated with the high proportion of
adjacent non-crop vegetation. Hymenoptera includes many beneficial species, such as
parasitoid wasps (Braconidae, Ichneumonidae, Chalcidoidea), and spiders play an impor-
tant role in the biological control of vineyard pests [46—49]. Our results are congruential
with many studies, confirming that natural or semi-natural habitats (non-crop vegetation)
help provide greater effective pest control [6-9]. Since the spiders are considered to be
indicators of biodiversity and anthropogenic disturbance [50-52], a positive correlation
of their occurrence to the high proportion of adjacent non-crop vegetation might be ex-
plained. According to a study by Wackers [53], the attractiveness of flowering plants for
parasitoid species (Hymenoptera) consists of more than nectar accessibility (e.g., Leucan-
themum, Galium spp.). The results of our study could indicate a positive correlation of
Hymenoptera species with plant families Asteraceae, Caryophyllaceae and Lamiaceae at the
PP locality. However, the visual observation was not conducted in this study to confirm
this relationship. By contrast, Wackers [53] reported that some Fabaceae (e.g., Medicago
lupulina, Trifolium repens, T. pratense) failed to attract parasitoids or, moreover, might have a
repellent effect. In our study, those Fabaceae species were not present at the PP locality, or
their presence was occasional and minor compared with the PH locality. Major Fabaceae
species present at PP included Astragalus spp. The higher proportion of Fabaceae species
described as non-attractive for parasitoids might contribute to the negative correlation
between Hymenoptera occurrence and the PH locality indicated by both ordination dia-
grams. Plant species from the Caryophyllaceae family (Silene, Stellaria spp.) were the subject
of several studies focused mostly on attraction for pollinators [54] or herbivore moths and
their parasitoids [55,56]. In this study, the Caryophyllaceae found in vineyard inter-rows
were Arenaria serpyllifolia L., Stellaria media L. (Vill.) and Silene latifolia subsp. alba (Miller)
Greuter et Burdet. According to a study by Patt et al. [57], the parasitoid species (Edovum
puttleri Grissell and Pediobius foveolatus Crawford) were, due to partially hidden nectaries
in cup- or bowl-shaped flowers of e.g., chickweed (Stellaria media), not able to forage ef-
ficiently on these flowers. However, Kevan [58], in his study, observed and described a
high rate of feeding or resting visits of various Hymenoptera parasitoids (Chalcididae,
Eulophidae, Pteromalidae, Braconidae, Ichneumonidae) on the flowers of Stellaria longipes
Goldie. Flowers with white blooms are considered the most commonly visited flowers by
Hymenoptera parasitoid species [59,60]. Generally, Caryophyllaceae species (e.g., Arenaria,
Stellaria and Silene spp.) are not included in the cover crop mixtures; however, these find-
ings, as well as the results of our study, suggest that these small, ground-covering herbs
should be considered to be included in mixtures designed for inter-row vegetation cover in
vineyards.

The occurrence of Hemiptera (bug) and Diptera (fly) species was similar at the PP
and PH sites, suggesting that the proportion of adjacent non-crop vegetation is probably
not the main factor affecting the presence of these species. According to the ordination
analysis, the presence of those large groups of insects, including many phytophagous
species (leafthoppers, aphids) and several predatory species (Anthocoridae, Syrphidae),
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could be affected by the ground cover coverage rate or by other factors that were not
included in this analysis. The possible positive effect of Poaceae on Diptera can probably be
explained by the higher coverage rate provided by grass species. According to the study by
Fiera et al. [49], the occurrence and species richness of phytophagous species increased with
the plant coverage rate, and Gongalves et al. [61] found that a higher plant species diversity
increased phytophage occurrence. Both of these findings might explain the correlations
(Figures 4 and 5) found in our study, since the orders Diptera and Hemiptera included
mostly phytophagous species in our study.

The results of both analyses in our study confirm the negative impact of a very low
proportion (2%) of adjacent non-crop vegetation on plant species and invertebrate families’
richness.

5. Conclusions

The results of our study, comparing the number of plant species, ground cover cover-
age and the number of invertebrate families present in inter-rows located in three vineyards
with various proportions of adjacent non-crop vegetation, conform to the results of other
studies, suggesting a positive effect of natural and semi-natural habitats on plant and insect
species richness. However, in this study, the ground cover coverage was not affected by
the proportion of non-crop vegetation. The significant correlation between the presence
of noxious weeds and the lower proportion of non-crop vegetation was not confirmed.
Thus, the presence of noxious weeds was probably affected by other factors, such as a
low coverage rate or nutrient content and availability. Managing the vineyards with a
functional ecosystem service requires a very complex approach, and many factors, e.g.,
local climate and soil conditions or surrounding landscape elements, have to be considered.
Nevertheless, the conservation and creation of natural and semi-natural permanent habi-
tats is important for biodiversity conservation and therefore play a key role in supporting
the presence and activity of beneficial organisms in vineyard ecosystems. The adjacent
non-crop vegetation in vineyard sites seems to affect biodiversity and vineyard ecosystem
functioning.
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vineyards and their appearance on the phytosociological survey plots in all sampling terms; Table S3:
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in inter-row sampling plot (two-year average).
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