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Abstract: The development of inter-row wildflower meadows in vineyards could restore and preserve
biodiversity as well as enhance the local rural landscape character. Herein, the prospect of inter-row
development of a wildflower meadow from spontaneous vegetation growing within a table grape
‘Sultanina’ vineyard was studied for two years through the effect of different intensities of harvest on
the meadow composition, arthropod presence, and grape vine produce. Three harvest treatments
(constant, periodic, and none) were examined. The growth (height and area of groundcover) and
number of plants per species that composed the inter-row wildflower meadow as well as the insects
found within it and on the grape vine plants were recorded. At maturity, the main quantitative
(yield/vine) and qualitative characteristics (soluble solids, pH, and total titratable acidity) of the
grapes were evaluated. Results showed that both the quantitative and qualitative characteristics of
the grape vines did not differ between treatments. The inter-row vineyard meadow composition that
constituted of 21 herbaceous species did not differ between the periodic- and no-harvest treatments.
Insect pests hosted within the meadow did not pose a threat to ‘Sultanina’ grapes, although thrips
within the inter-row meadow showed a preference for Convolvulus arvensis. The overall results
suggest the application of either a periodic- or no-harvest on the spontaneous vegetation of a
Mediterranean ‘Sultanina’ vineyard over two years and constitutes the development of inter-row
wildflower meadows from spontaneous vegetations as an appealing and promising sustainable
vineyard floor management practice for permanent use that needs to be further researched.

Keywords: landscape character; harvest; local flora; biodiversity; grape vines; qualitative and
quantitative characters

1. Introduction

Since 1962, the EU’s Common Agricultural Policy focused on increasing production
and supporting the mechanization and intensification of agriculture, overlooking the socio-
environmental and topographic characteristics of the landscapes, which gradually resulted
in the loss of biodiversity [1,2]. In contrast to traditional agricultural practices and organic
farming that supports biodiversity, the application of intensive agriculture has led to the
homogenization of the landscape and the loss of diversity [3]. Furthermore, pollution from
intensive agriculture constitutes one of the main threats to biodiversity [4]. In 1992, Agenda
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21 recognized the need in promoting sustainable agriculture, while the Florence Declara-
tion on Landscape [5] urged “intergovernmental agencies and secretariats responsible for
United Nations programs and international conventions together with non-governmental
organizations concerned to: strengthen the global awareness on the need to safeguard and
improve landscapes as an integral element of sustainable development processes ... ”

Biodiversity is a key factor in the maintenance of ecosystem functions such as corridors
to connect isolated habitats and ecosystem services such as erosion prevention, recycling of
nutrients, pollination, pest control, and conservation [1,6,7]. The conservation of biodiver-
sity is dependent on the values humans associate with them such as ecological, economic,
cultural, and aesthetic, among others [8]. The 2030 Agenda for Sustainable Development
Goals includes “to implement resilient agricultural practices that increase productivity
and production, that help maintain ecosystems, ... ” [9]. Among the 17 UN Sustainable
Development Goals, the second Sustainable Development Goal states to “End hunger,
achieve food security and improved nutrition and promote sustainable agriculture” [10].
The EU also supports sustainable agriculture, emphasizing that in addition to environmen-
tal issues, it fosters economic viability and social acceptability [11]. In 2021, the Council
and the European Parliament adopted the new Common Agricultural Policy with nine
specific objectives, one of which is to “contribute to the protection of biodiversity, enhance
ecosystem services and preserve habitats and landscapes”.

Viticulture in Greece dates back to shortly before 6000 BC and is amongst the oldest
in the world [12] with 171,235 holdings and a surface area of 1,089,000,000 m? [13]. The
intensification of agriculture during the 1960s and 70s resulted in the replacement of old
cultivars with new cultivars produced from the Greek breeding institutes or imported from
abroad [4], and consequently to the genetic erosion of many Greek plant genetic resources
including grapevines and to the abandonment of traditional agricultural practices. Under
the threat of climate change and the fact that high-quality wines are generally associated
with optimum climatic conditions, the preservation of traditional vine cultivars well-
adapted to environmental stresses is crucial for future generations [14]. Features of cultural,
historical, and aesthetic value are associated with vineyards [15]. The presence of vineyards
is aesthetically pleasing and often represents a feature of the rural landscape, and a source
of inspiration for travelers, painters, and writers [16-19]. On the other hand, within Greece,
natural growing wildflower meadows are particularly attractive due to the country’s high
diversity of plant species [20]. The flora of Greece is amongst the most biodiverse in Europe
and the Mediterranean and of high endemism, with 5752 species and 1893 subspecies
of vascular plants of which 1278 are endemic species that constitute 22.2% of all species
present and 452 endemic subspecies [4].

In the 1990s, the high nature values farming concept was developed [21] to describe
areas where “ ... agriculture is a major (usually the dominant) land use and where that
agriculture supports, or is associated with, either a high species and habitat diversity or
the presence of species of European conservation concern, or both.” [22]. Overall, semi-
natural vegetation in agricultural land can be categorized into large surface areas such as
semi-natural grasslands, and agro-forestry areas and smaller surface areas of unfarmed
features such as field margins, buffer strips, and hedgerows [1]. Wildflower meadows
found growing naturally in rural landscape are a by-product of traditional agricultural
practices [23]. Spontaneous herbaceous meadow communities develop from abiotic stress
such as grazing, fire, drought, etc., impacting on vegetation that inhibits the growth and
succession of shrub and trees species. Wildflower meadows are composed of several
often flower-rich, herbaceous plant species [23,24]. The aesthetic appreciation of species-
rich vegetation may attract tourism and support the region’s economy [8]. Europe’s
Landscape Convention [25] states that “landscape contributes to the formation of local
cultures and that it is a basic component of the European natural and cultural heritage” and
that “landscape is an important part of the quality of life for people”. Therefore, human
appreciation of wildflower meadows in rural landscape is threatened by their decline,
led by the rapid changes in agricultural practices and the consequently generic loss of
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biodiversity in rural areas [24]. Wildflower meadows, particularly those composed of
several flowering herbaceous species, are aesthetically pleasing and constitute a sustainable
form of planting [23,26-28]; they preserve biodiversity, provide habitats for wildlife, require
reduced maintenance resources compared to other forms of cultivations, and can contribute
to enhancing the local natural landscape character. In the Mediterranean area, there are
limited studies on wildflower meadows [29].

In viticulture, the quantity and quality of grapevine yield is largely influenced by vine-
yard floor management. Water, soil nutrient and weed management, enhanced biodiversity
for pest management, and habitat creation for beneficial insects constitute key objectives of
vineyard floor management [30]. Common vineyard practices for vineyard floor manage-
ment are cultivation, herbicide application, and the use of cover crops and mulches [30,31].
Traditionally, weed growth is controlled through inter-row cultivation, or tillage. In dry cli-
mates, grapevine roots are unaffected by shallow cultivation as they usually avoid growing
in the top 100 mm of the soil [32]. Cultivation disrupts soil structure and organisms as well
as increases the costs of cultivation. Furthermore, bare soils with no protective plant cover,
particularly in steep-sloped vineyards combined with the Mediterranean high rainfall
intensity, increase runoff and erosion risks [33-35]. A promising method of vineyard floor
management but is the least understood is the manipulation of weed populations within
vineyards [36]. Within vineyards, wildflower meadows that do not require significant
management could potentially be developed between rows through appropriate manip-
ulation of inter-row weed population (wildflower meadow strips). The development of
such meadows in vineyards could support high nature value farming systems, restore and
preserve biodiversity as well as enhance the local rural landscape character, consequently
economically benefiting local farmers [35]. It could also potentially support the commercial
development of seed mixes for wildflower meadows suitable for vineyards or other appli-
cations in the landscape architecture industry for their aesthetic appeal. Sown wildflower
meadows are increasingly recommended as an agri-environmental intervention measure
despite the lack of evidence for the successful establishment of seed mixes, maintenance of
flower species over time, and the beneficial effect to arthropods [6,37]. The composition of
natural or semi-natural ecosystems such as spontaneous wildflower meadows depend on
land management practice and spontaneous biological and environmental processes [38].

The presence of spontaneous vegetation within a vineyard influences pest densities
depending on site-specific environmental conditions and the grape cultivar [39]. Despite
the benefits to the farmers by conserving the vegetation cover in their crops [40], farmers
are concerned with the development of potential “disservices” by the natural vegetation
such as the potential increase of insect pest infestations or the impact on the yield of their
crops (i.e., through competition for water or nutrients). For these reasons, farmers are
generally reluctant to maintain the wildflower floor in their crops. This becomes more
evident in the case of intensive farming systems such as the table grape crops. However,
although in wine producing vineyards the role of natural vegetation has been explored
with positive results [41,42], our knowledge on the potential compatibility of vegetation
conservation with the cultivation of table grapes is still in its infancy. In fact, a search in
Scopus (15 January 2022) returned only 18 articles with searching terms: “table grapes” and
“biodiversity”. Therefore, research to clarify whether the conservation of natural vegetation
poses a threat to pest management and the crop yield of table grapes is urgently needed.

The objective of this study was to evaluate the prospect of inter-row development
of a wildflower meadow from the spontaneous vegetation (i.e., local flora addressed by
lay public as “weeds”) growing within a vineyard cultivated with the variety ‘Sultanina’
without negatively affecting grape yield and grape quality. The effect of different intensities
of harvest (i.e., frequency of cuts of the above-ground biomass of the inter-row vineyard
meadow) on the meadow composition, arthropod presence, and quantity and quality of the
grapes is presented. Considering the above, the three hypotheses are that harvest intensity
will have an effect on: (i) the growth of individual species that compose the wildflower
meadow, (ii) the arthropod abundance found on the above-ground biomass of wildflower
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meadow plant species and the adjacent grapevine canopy (leaves, shoots, inflorescences,
and grapes), and (iii) the quantitative characteristics of the grapes and the qualitative
characteristics of the grapes during three stages of grape development (pea-sized berry,
veraison, and technological maturity).

2. Materials and Methods
2.1. Experimental Site and Growth Conditions

Within a popular viticulture region of Greece located south of the settlement of Pe-
rigiali, Korinthia with a population of 1616 [43], a vineyard was used to study the effect
of different intensities of harvest on the meadow composition, arthropod presence, and
the main quantitative and qualitative characteristics of the grapes (Figure 1). The vineyard
studied hosts 850 plants of the table grape cultivar ‘Sultanina’ grown on the rootstock B41
that are established over a 5000 m? surface area. The area surrounding the studied vineyard
within a 5 km radius is composed of relatively small sized properties ranging between
4000~7000 m? surface area, mainly established with table grape vineyards and occasional
olive, peach, and apricot orchards. The vine grape cultivar ‘Sultanina’ is a popular table
grape that has been cultivated in Greece since its introduction in the 12th century [14].
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Figure 1. Site location of the studied ‘Sultanina’ vineyard at Perigiali, Korinthia, Greece, indicated
with the red colored pin.
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The study was undertaken over two years during the productive growth period of the
vine plants between 5 March-20 August 2016 as well as 5 March-20 August 2017. Analysis
of the meteorological data (Table 1) obtained during the aforementioned experimental time
period overall indicated that during March-May in both years, more than usual warm and
dry conditions prevailed in Perigiali [44—47]. More specific, the paired sample t-test showed
that both the mean maximum monthly temperatures during March-May 2016 and 2017
were significantly greater than normal (climatic data 1988-2010) at p < 0.05 (t =7.784, df =2,
p-value= 0.016; t = 50.408, df = 2, p-value= 0.000, respectively). During the summer months
of June-August in both years, both the mean monthly temperature in 2016 and mean
monthly maximum temperature in 2017 were significantly greater than normal at p < 0.05
(t=—5.000, df = 2, p-value= 0.038; t = 4.466, df = 2, p-value= 0.047, respectively); reaching
as high as 40.5 °C in July 2017 (Table 1). Concerning precipitation during March-May,
rainfall seemed generally less than normal in both years while during June-August, rainfall
seemed less than normal in 2016 and greater than normal in 2017, reaching 85.8 mm in July
2017 [44-47]; however, these differences were not significant at p < 0.05 (t = —1.554, df = 2,
p-value= 0.260; t = —3.120, df = 2, p-value= 0.089 and t = —3.712, df = 2, p-value= 0.066;
t=1.074, df = 2, p-value= 0.395, respectively).

Table 1. Prevailing meteorological conditions in Perigiali, Korinthia, Greece throughout the experi-
mental time period (March-August 2016 and March-August 2017). Meteorological and climatic data
obtained from the nearest meteorological station (lat. 38°00/, long. 22°42' alt 15 m; lat. 37°58/, long.
22°45', alt 19 m, respectively).

1 1 1 2 2 2 3 4

T T Tmi RH RH RH,; P AWS

M th mean max min mean max min 5 DWD

on Q) ©C) o) (%) (%) (%) (mm) (km/h)
Year 2016 [44]

March 12.8 219 5.8 86.9 57.5 56.6 8.4 NW
April 17.8 28.8 9.1 77.1 447 0.2 8.1 NW
May 19.5 33.3 9.8 77.0 43.9 5.6 9.4 NW
June 25.5 38.3 15.4 73.5 385 0.4 7.8 NNE
July 28.1 36.8 19.8 66.3 36.2 0.0 7.1 E

August 27.8 37.2 18.9 66.4 37.6 0.4 7.0 NNE

Year 2017 [45]

March 13.6 24.5 5.8 80.0 492 40.4 7.4 SW
April 16.3 27.9 8.1 76.4 40.3 48 7.6 NNE
May 20.4 332 13.0 76.8 41.0 15.8 8.4 NW
June 24.8 426 16.3 78.7 415 15.4 6.4 NNE
July 28.1 405 17.8 68.0 349 85.8 7.4 NNE

August 28.2 38.6 18.7 63.3 33.6 7.4 6.9 E

Climatic data 1988-2010 [46,47]

March 11.8 16.5 6.5 70.9 53.7 6.8 E
April 15.7 20.3 9.0 65.9 26.7 7.1 E
May 21.1 25.7 12.9 59.7 223 6.8 E
June 26.1 30.7 16.8 54.0 6.4 6.9 E
July 28.7 332 19.5 53.3 5.0 6.9 E

August 28.1 32.9 19.8 56.7 11.9 6.2 E

! Trean, Tmax, and Tin: monthly mean, monthly mean maximum, and monthly mean minimum air temperature,
respectively; 2 RHmean, RHmax, RHmin: monthly mean, monthly mean maximum, and mean minimum relative
humidity, respectively; 3 P: monthly precipitation; * AWS: monthly average wind speed; > DWD: monthly
dominant direction of wind.

2.2. Experimental Design and Treatments

Prior to the start of the experiment, the vineyard was tilled. Within the vineyard, a
total of 12 plots sized 2 m x 18 m were marked with pegs that constituted the surface area
between rows on either side of 10 grapevine plants (Figure 2). Within each of the 12 plots,
two subplots sized 1 m X 1 m were also marked with pegs from which measurements for the
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meadow composition were taken. Each of the 12 plots was allocated to a single treatment.
Four plots (replicates) of each treatment were determined. Three harvest intensities (H1,
H2, H3) applied to the natural growing meadow (“weed populations”) in the inter-rows of
the table variety ‘Sultanina’ vineyard constituted the treatments. Treatments were allocated
in the 12 experimental plots completely at random.

Treatments

(harvest intensity)

Ewoveg ©2016 Google, Aedopéva xdotn ©2016 Google
(translation: Images ©2016 Google, Map data ©2016 Google)

Figure 2. The table variety ‘Sultanina’ vineyard at Perigiali, Korinthia, Greece showing the experi-
mental layout constituting 12 plots (marked with different colors; each color indicating a different
treatment). The treatments constituted three different harvest intensities (H1, H2, H3) applied to
the natural growing meadow (“weeds”) in the inter-rows of the vineyard. Each harvest intensity
(treatment) was applied in four plots (source of aerial photograph: Etkéveg ©2016 Google, Aedopéva
X&ptn ©2016 Google; translation: Images ©2016 Google, Map data ©2016 Google).

More specifically, three different intensities of harvest applied to the spontaneous
vegetation (i.e., the natural meadow growing between the rows of the vineyard) were
studied: none, periodic, and constant (control). In the no-harvest treatment, the local flora
grew naturally without receiving any harvest treatment. The periodic-treatment received a
limited number of harvests per year (i.e., three cuts made using a strimmer) that involved
cutting the above-ground biomass of the plant species comprising the naturally growing
local flora meadow at a 10 cm height. The harvest-time was undertaken on 5 March, 5 June,
and 17 July, as determined by the life-cycle of the meadow plant species that coincided
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with the end of seed dispersal of the main plant species composing the meadow. Each
year, the first harvest time (5 March) marked the start of the experiment. The “control”
treatment constituted the normal standard or most usual practice undertaken by the farmers
in the region and involved the constant (weekly) harvest of the above-ground biomass
of the spontaneous vegetation (common referred to as “weeds”) in the inter-rows of the
vineyards. Spontaneous vegetation growing directly beneath the vines in the intra-rows
were cut regularly using a strimmer throughout the vineyard. During the productive
growth period of the vines, all grape vine plants, irrespective of the treatment, received the
same cultivation practices (i.e., pruning, July flood irrigation once) and were sprayed twice
with the insecticide deltamethin 2.5 (Phantom 2.5 EC: ELLAGRET S.A., Greece) on 8 May
and 26 June 2016 and 2017. Each year, the end of the experiment was marked when grapes
reached technological maturity [48] (20 August).

2.3. Measurements
2.3.1. Meadow Composition

Within each experimental subplot, the composition of the local flora meadow was mea-
sured at fortnight intervals in both 2016 and 2017 from 20 March to 20 August. To facilitate
the process of taking measurements, a wooden frame dimensioned 1 m x 1 m and divided
with taunt strings nailed on the frame into 100 squares (dimensioned 10 cm x 10 cm) was
positioned above each marked subplot. The measurements taken within the area of the
wooden frame were the number of plants per species, the height of three randomly se-
lected plants per species, and the surface area of the groundcover of the plants per species
expressed as percentage (%) of the corresponding subplot.

2.3.2. Arthropod Abundance

Furthermore, within each plot, the arthropods found on the above-ground biomass of
the natural growing herbaceous plant species as well as adjacent to the corresponding plots’
grapevine canopy (leaves, shoots, inflorescences and grapes) were separately sampled and
their number recorded at weekly intervals from 5 March to 26 June 2016. Three plants of
each “weed” species (composing the natural growing meadow) per subplot and 10 of each
of the stems, inflorescences, and/or grape clusters of grapevines per plot were examined
per sampling date. Thrips were recorded by shaking the foliage, inflorescences, or grape
clusters onto an A4 sized white paper sheet.

2.3.3. Quantitative and Qualitative Characteristics of Grapes

The qualitative characteristics (total soluble solids, pH, and titratable acidity) of the
grapes were calculated during three stages of grape berry development (pea-sized berry,
veraison, technological maturity). Three grape clusters were randomly collected from each
plot. The grape juice obtained from each cluster collected was used to determine, at room
temperature, the total soluble solids with a digital refractometer, the pH, and the titratable
acidity as indicated by a color change (clear to pink) using 0.1 N NaOH solution and 1%
phenolphthalein (alcoholic solution).

Furthermore, in August, at grape technological maturity, the main quantitative charac-
teristics (cluster length, width and weight) of the grapes were calculated. Grape length was
measured from the tip of the top berry to the end of the bottom berry using a ruler. Grape
width was also measured at the widest point of the cluster using a ruler. Finally, the grape
cluster was weighed using a scale accurate to two decimal places.

2.4. Statistical Analysis

The experimental plot followed a complete randomized design with one factor that
constituted the different intensities of harvest (none, periodic-, and constant-harvest)
applied on the naturally growing meadow between the vine rows of the vineyard. A one-
way analysis of variance (ANOVA) was applied to test the significance of the experimental
data collected from 5 March until 20 August in 2016 and 2017 using SPSS Statistical Software
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v. 17.0 (SPSS Inc., Chicago, IL, USA). Differences in means were defined using the Tukey
HSD test at a significance level of p < 0.05.

3. Results
3.1. Meadow Composition

Over the two years of study, within the vineyard, the meadow composition between
the rows included twenty-one naturally growing herbaceous plant species. More specif-
ically, seventeen broadleaved species (Anagalis arvensis, Chichorium intybus, Convolvulus
arvensis, Ecballium elaterium, Equisetum arvensis, Euphorbia helioscopia, Foeniculum vulgare,
Galinsoga parviflora, Galium aparine, Malva sylvestris, Oxalis pes-caprae, Parietaria judaica,
Plantago lagopus, Polygonum aviculare, Sinapis alba, Sonchus arvensis, Thlaspi arvense) and
four grass species (Agrostis stolonifera, Avena sterilis, Lolium spp., Sorghum halepense) were
identified (Figure 3). Furthermore, Rubus sp., a creeping shrub often found in rural areas
of Greece, was also identified between the rows of the vineyard. All species with the
exception of one broadleaved species in 2016 (Polygonum aviculare) and six broadleaved
species (Anagalis arvensis, Chichorium intybus, Equisetum arvensis, Euphorbia helioscopia, Galin-
soga parviflora, Galium aparine) in 2017 were present in the meadow during both years of
the study.

Most of the plant species identified including Rubus sp. did not show significant
differences in the number of plants, the percentage of groundcover of the plants, and the
height of the plants between the “none” and “periodic” harvest treatments (p < 0.05). In
most cases, the number of plants, the percentage of groundcover of the plants, and the
height of the plants in both the no- and periodic-harvest treatments were significantly
greater than in the control (constant-harvest treatment). More specifically, significant
differences between the no- and periodic-harvest treatments were found for three grasses
(Avena sterilis, Lolium spp., Sorghum halepense), and one broadleaf (Convolvulus arvensis)
species (Figure 4). The number of Avena sterilis in 2016 and Lolium spp. in 2016 and 2017
plants decreased significantly after the March harvest in the periodic-harvest treatment
compared to the no-harvest treatment (p < 0.05) (Figure 4). In addition, the number of
all grass species significantly reduced or did not grow after the July cut in the periodic-
harvest treatments whereas in the no-harvest treatments, with the exception of Avena
sterilis in 2016, they continued to grow until the end of the summer. Additionally, the
number of Convolvulus arvensis plants decreased after both the June and July harvest in the
periodic-harvest treatment compared to the no-harvest treatment (p < 0.05).

The percentage of groundcover of the grasses Avena sterilis in 2017, Lolium spp., and
Sorghum halepense in 2016 and 2017 and the broadleaved Convolvulus arvensis in 2016
and 2017 decreased significantly (p < 0.05) after the July harvest in the periodic-harvest
treatment and was similar to the constant-harvest treatment (Figure 5). The percentage of
groundcover of Convolvulus arvensis also decreased significantly (p < 0.05) after the June
harvest in the periodic-harvest treatment and was similar to the constant-harvest treatment.
These results agree with the results shown for the number of Convolvulus arvensis plants. In
springtime (April-May) 2016, although the number of Convolvulus arvensis plants did not
differ (p < 0.05) between the no- and periodic-treatments, the percentage of groundcover
was less in the no-harvest treatment compared to the periodic-treatment (p < 0.05) and not
significantly different (p < 0.05) from that of the control (constant-harvest treatment).
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Figure 3. Plant species identified within the meadow naturally growing between the rows of the
vineyard (expressed as mean number of plants per m?) under different harvest treatments (constant,
periodic, or none) during 20 March-20 August in 2016 and 2017.

The height of Sorghum halepense after the June harvest in both years was greater
(p < 0.05) in the no-harvest compared to both the periodic-harvest and control (constant-
harvest) treatments (Figure 6). In springtime (April-May) in both years, the height of
Avena sterilis was significantly greater in the no-harvest treatment, followed in descending
order by the periodic-harvest and control treatments (Figure 6). In the following month
(June) of 2016, the height of Avena sterilis did not differ significantly between the no- and
periodic-harvest treatments whereas from June onward, there were no differences shown
between the treatments p < 0.05). On the other hand, in mid-June 2017 and thereafter, the
height of Avena sterilis was significantly greater in the no-harvest treatment than the other
two harvest treatments (p < 0.05). In springtime (April-May) as well as during July 2016, the
height of Lolium spp. in both the no- and periodic-harvest treatments was greater compared
to that in the control, and only in May was the height of Lolium spp. in the no-harvest
treatment greater than in the periodic-harvest treatment (p < 0.05) (Figure 6). During
March—June 2017, the height of Lolium spp. in the no-harvest treatment was greater than
the control (constant-harvest treatment), while from June onward, the height of Lolium spp.
in the no-harvest treatment was greater than both the periodic-harvest treatment and the
control (p < 0.05). During the summer of 2016, the height of Convolvulus arvensis in the
no-harvest treatment was greater than in the other treatments whereas in 2017 (except
for the start of June), the height of Convolvulus arvensis in the no-harvest treatment did
not differ from the height of both the periodic- and constant-harvest treatments (p < 0.05)
(Figure 6).
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Figure 4. Mean number of plants per m? for individual species naturally growing between the
rows within the vineyard under different harvest treatments (constant, periodic, or none) during
20 March-20 August in 2016 [49] and 2017. Means in columns not followed by the same letter are
significant (Tukey HSD, at p < 0.05, n = 8).

3.2. Arthropod Abundance

Results showed the presence of negligible populations of insect pests on the vines
in the plots of all treatments. However, noticeable sized populations of grapevine pests
were present within the meadow growing between the vine rows under the no-harvest and
the periodic-harvest treatment. The pests recorded were thrips (Thysanoptera: Thripidae)
and leafthoppers (Hemiptera: Cicadellidae). Thrips were present within the meadow
throughout the duration of the study mainly on Convolvulus arvensis. Overall, in the no-
harvest treatment, thrips were present in all samplings. Their numbers were highest in
the first two samplings when three individuals were recorded per plant species. In the
periodic-harvest practiced plots, thrips were present for a shorter period, from 26 March
to 28 May 2016. The number of thrips was significantly higher in the no-harvest than the
periodic-harvest treatment (F = 20.58, df = 1.96, p < 0.001). Significant differences were
recorded between the two treatments in the first two samplings when the largest population
of thrips was recorded in the no-harvested meadow (Figure 7). While thrips were not found
within the meadow after the harvest on June 4 in the periodic-harvest treatment, they
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continued to be present in the no-harvest treatment. Moreover, within the periodic-harvest
treatment, the number of thrips decreased after the May pesticide application while in the
no-harvest treatment, the number of thrips remained relatively steady.
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Figure 5. The mean percentage of groundcover for individual species naturally growing between
the rows within the vineyard under different harvest treatments (constant, periodic, or none) dur-
ing 20 March-20 August in 2016 and 2017. Means in columns not followed by the same letter are

significant (Tukey HSD, at p < 0.05, n = 8).
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Figure 6. The mean plant height (cm) for individual species naturally growing between the
rows within the vineyard under different harvest treatments (constant, periodic, or none) dur-
ing 20 March—20 August in 2016 and 2017. Means in columns not followed by the same letter are

significant (Tukey HSD, at p = 0.05, n = 8).
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26 June in 2016.
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Results also showed the presence of Cicadellidae (leafhoppers) within the meadow
growing between the vine rows from mid-April to the end of June; mainly recorded on
Rubus spp. Generally, the number of leafhoppers recorded was not significantly different
between the two treatments (F = 1.08, df = 1.96, p-value = 0.30) (Figure 8). The most
popular technique for managing leathopper populations is the application of pesticides.
The application of pesticide in May decreased the number of leathoppers in both the
periodic-and no-harvest treatments and after a second application in June, the leafhoppers
did not appear again.
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Figure 8. Population (expressed as mean total number per m?) of leafhoppers found in the plots of
the meadow within the vineyard, under the no- and periodic-harvest treatments from 12 March to
26 June in 2016.

3.3. Quantitative and Qualitative Characteristics of Grapes

In both years, the mean length, width, and weight of the grape clusters did not differ
significantly (p < 0.05) among the different intensities of harvests (Figure 9). In the second
year, the ‘none’ treatment (without cutting) had the highest weight of grapes, in absolute
value, without a statistically significant difference from the other two treatments. Con-
cerning the qualitative characteristics of the grapes, both the total soluble solids (TSS) and
pH of the must showed a significant gradual increase at p < 0.05 over the three stages of
grape berry development (pea-sized berry, veraison, technological maturity) (Figure 10).
On the other hand, the total titratable acidity of the must showed a significant gradual
decrease (p < 0.05) between the grape pea-sized berry and each of the other two grape berry
development stages (veraison and technological maturity). At each stage of the grape de-
velopment, the total soluble solids of must, pH, or total titratable acidity derived from vines
that received the constant harvest treatment (control) did not differ significantly (p < 0.05)
from the corresponding total soluble solids of must, pH, or total titratable acidity derived
from vines that received either of the other two harvest treatments (periodic and none).
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Figure 9. The effect of different wildflower meadow harvest treatments (constant, periodic, or none)
on the quantitative characteristics of the grape clusters (mean length, width, and weight) in 2016 and
2017. Within each measurement, statistical differences are denoted by different letters (Tukey HSD, at
p<0.05,n=12).
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Figure 10. The effect of different wildflower meadow harvest treatments (constant, periodic, or none)
on the qualitative characteristics of the grapes (total soluble solids of must, pH, and titratable acidity)
during three stages of grape development (pea-sized berry, veraison, and technological maturity) in
2016 [49] and 2017. Within each measurement, statistical differences are denoted by different letters
(Tukey HSD, at p < 0.05, n = 12).

4. Discussion
4.1. Meadow Composition

Interannual climate variability influences wildflower meadow composition [50,51]. In
both years, most of the species that composed the wildflower meadow within the vineyard
developed in spring until mid-April and were mainly broadleaved species. March—April
temperatures in 2017 were higher than in 2016, which possibly facilitated earlier plant
development of species including the annual species Anagalis arvensis, Equisetum arvensis,
Euphorbia helioscopia, Galinsoga parviflora, Galium aparine not found in March 2017; it is
also possible, as these species showed small populations in March 2016 (<2 plants per m?)
that they were unable to grow due to competition with other vigorous plant species that
may have developed earlier as a result of the warmer than usual climatic temperatures
of the area. Furthermore, the higher temperatures in March 2017 also seem to have con-
tributed to the introduction of an additional annual species (i.e., Polygonum aviculare with
<2 plants per m?). Similarly, Stampfli [52], in a six-year study of a traditionally mown
meadow, showed variation among the meadow species due to direct or indirect responses
of interacting species, depending on the climatic conditions per year.

In both years, between mid-April and 20 August, fewer species developed compared
to the corresponding springtime (from 20 March to mid-April) due to the “harsher” summer
conditions for plant growth. Water availability affects plant diversity and has been found
to increase in wetter years [53]; however, differences in precipitation were not significant.
Therefore, without considering the effect of June—July precipitation, it is uncertain to
establish what other parameters likely caused the population increase and longer presence
within the meadow of Avena sterilis compared to 2016 where the population of Avena
sterilis gradually decreased after mid-June 2016. Similarly, in 2017, following the June—July
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precipitation, the presence of the species Convolvulus arvensis was elongated compared to
2016. Overall, studies investigating community composition triggered by climate change
are limited [50]. Further study is necessary to understand the changes in the meadow
composition of the vineyard in relation to weather from year to year.

The studied vineyard is located within a popular table grape viticulture region of
Greece where spontaneous vegetations is regularly cut as weeds inhibiting the benefi-
cial effects of biodiversity. Species richness and biomass yield of natural vegetation in
temperate climates can increase by applying intermediate cutting frequencies (once or
twice annually) [54]. Additionally, low frequency cutting allows the existing plant com-
munity to increase in height, enhance pollination services, and aesthetics [55]. In North
American tallgrass prairie, it has been found that species richness can be supported, and
the abundance of dominant species was reduced by cutting [56]. The removal of above-
ground biomass approximately 5 cm above-ground through cutting reduces interspecies
differences, prevents the exclusion of small species by competition, and allows for species
differing in shoot size to coexist [57]. The hypothesis that the intensity of harvest will
have an effect on the growth of individual species that compose the wildflower meadow
was proven for most grass species and rejected for nearly all herbaceous broadleaf species.
The results of this study showed that in both years, the harvest treatments had an overall
negative effect on the growth of nearly all grass species (Avena sterilis, Lolium spp., Sorghum
halepense) whereas the growth of all but one herbaceous broadleaf species was not affected.
Although March harvest had a positive effect on the growth (percentage of groundcover)
of Convolvulus arvensis, both June and July harvests had a negative effect. The first possible
cutting date needs to be considered carefully in cases where meadow conservation is the
primary goal of management [58], as is the case of the current study to enhance the local
natural landscape character. It seems that spring cutting may contribute to the increase
of biodiversity in herbaceous broadleaf species such as Convolvulus arvensis. On the other
hand, the higher growth rates that grasses generally have make them compete against
herbaceous broadleaf species [24]. The July harvest seemed to suppress the growth of grass
species in both years of the current study. It has been found that delaying harvest time from
spring to summer in European meadowlands can have a positive effect on plant species
richness [58]. Furthermore, the dry conditions and high summer temperatures in 2016 led
to the discoloration of grape clusters in the constant-harvest treatment caused by sunburn,
reducing the commercial value of the grapes, whereas grape clusters in both the periodic-
and no-harvest treatments were unaffected as the foliage from the adjacent meadow offered
grape cluster protection from direct sunlight (data not shown).

Mixes of herbaceous plant species, particularly flowering plant species, are used in
vineyards to increase biodiversity [34]. The understanding of the dynamic of these mixes is
limited [34]. There is a need for further understanding of the dynamic of herbaceous plant
mixes with regard to their composition, evolution over time, and growth [34]. The use
of local herbaceous species is desirable due to their adaption to the local climate and soil
conditions [59]. Additionally, the use of the wildflower meadow contributes to reducing
soil loss [34]. The cost to seed herbaceous plant mixes is less preferred to developing
a wildflower meadow from the spontaneous vegetation of the vineyard [34]. However,
herbaceous seed mixes can be used in cases of extremely degraded soils with poor fertility
and seed bank [34]. Further research of managing the vineyard is necessary to study the
dynamic of the wildflower meadow (i.e., the effect of different harvest times on the growth
of the herbaceous broadleaf species and meadow biodiversity (composition) as well as their
potential protection on table grape clusters from direct sunlight).

4.2. Arthropod Abundance

Thrips and leafthoppers constitute important pests for vines whose distribution and
abundance in vineyards are affected by the presence of wild flowering plants. A study
of an organic vineyard in northern California, USA showed a beneficial effect since both
leathopper and thrip numbers on the vines gradually increased as the distance of the
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vine rows from the meadow increased due to the high abundance of predators on the
meadow [60]. The same study showed an even distribution of both leafthopper and thrip
populations in the part of the vineyard without a meadow strip.

Wildflower left areas are a flexible tool to enhance biodiversity as they are easy to
establish or remove [6]. In this regard, apart from solely taking benefit of the naturally
grown meadow in the vineyards, a step forward in our approaches would be to develop
appropriate management strategies of the meadow to increase benefits for the crop. In fact,
arthropod abundance and diversity are directly influenced by the plant composition of the
meadow [61]. In sequence, its plant species composition and richness are determined by
the most appropriate harvest time [58]. Generally, biodiversity can be supported by deter-
mining the first-harvest date and a low annual cutting frequency [58]. The hypothesized
effect of harvest intensity on arthropod abundance found on the above-ground biomass of
the wildflower meadow plant species varied for different pests; it was proven for thrips
and rejected for leafhoppers. Our study showed that the application of a single harvest time
is unlikely to be suitable for all invertebrate species, whereas the application of different
harvest regimes such as the case of the periodic-harvest in the current study can increase
invertebrate diversity. Similarly, as already above-mentioned for meadow biodiversity, the
first possible cutting date needs to be considered carefully. Therefore, harvest time regimes
of the meadow may become a key-tool in managing arthropod biodiversity in vineyards
and should be further assessed.

In the current study, among the several plants recorded in the inter-row meadow, only
Convolvulus arvensis was recorded to host an important population of thrips that suggests a
preference for this particular species. An earlier study reported that on this plant, thrips
overwinter and establish their populations in early spring in the borders of onion fields [62].
Its role on the population levels of thrips in vineyards has not been studied, however, our
results emphasize that this plant may play a key role in the early establishment and increase
in thrip populations early in the season. Therefore, future studies should investigate its
role in more detail.

The hypothesized effect of harvest intensity on arthropod abundance found on the
adjacent to the harvested meadow grapevine canopy was rejected since the presence of
insect pests on the vines was negligible in both the none and periodic-harvest treatments.
The conservation of the local flora that grew naturally in the studied vineyard does not
seem to pose a threat as a potential source of insect pests for ‘Sultanina’ grapes. Farmers
can benefit from the services provisioned by the conservation of vegetation on their farms
without facing increased pest infestations. These results suggest that the conservation
of many herbaceous flowering species can perhaps be a compatible farm practice under
integrated pest management (IPM) strategies. Furthermore, this can be a practice included
in vine production based on ecologically-based pest management (EBPM) schemes [63].
This delivers important information for farmers of this crop, which is intensive, and
traditionally, wildflowers are considered as weeds and thus, they are destroyed. Future
studies should elaborate on this, further exploring the associations between plant species
and insect pests in table grape crops in more areas and under more farming practices.

4.3. Quantitative and Qualitative Characteristics of Grapes

The hypothesis that the intensity of harvest will have an effect on both the quantitative
characteristics of the grapes and the qualitative characteristics of the grapes at each of the
three stages of grape development (pea-sized berry, veraison, and technological maturity)
was rejected. Vineyard floor management studies in Mediterranean areas studying the
effect of inter-row spontaneous vegetation on grape yield and quality is sparce and usually
constitutes the typical management practice (i.e., the control) to study the effects of various
cover crops in vineyards [64,65]. The use of inter-row spontaneous vegetation tilled in
fall (October) and before bud break in spring (April) represents typical management in
drip-irrigated vineyards in Australia [65]. Additionally, the use of spontaneous vegetation
mowed and then tilled in California, USA represents typical management in drip-irrigated
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vineyards [64]. In the current study, bare soil constituted the typical management practice
(i.e., the control) to study the effects of the periodic- and non-harvest treatments in the
vineyard to enhance the local landscape character through the development of a wildflower
meadow from the spontaneous vegetation; irrespective of treatments, the vineyard was
irrigated only once at the start of July after the berry set. It seems somehow, that the
non-harvest treatment in the current study was similar to the typical management practices
applied in Australia and the USA.

The predormancy period is critical for grape yield [66]. Prior to dormancy and during
the growth season, carbohydrate reserves are formed by the uptake and accumulated nutri-
ents by the vine that are used, in spring, by the grapevine to develop its new canopy [67].
Moreover, inflorescence primordia initiation and differentiation within latent buds occur
in the pre-dormancy period and during the anthesis or flowering period [68,69]. In both
years (2016 and 2017), the meadow treatments (i.e., the periodic- and no-harvest) showed
no effect on both the quantitative and qualitative characteristics of grapes (p < 0.05). Ad-
ditionally, the no-harvest treatment was the least expensive harvest treatment followed
by the periodic-harvest treatment due to the reduced cutting costs in comparison to the
constant harvest treatment.

A three-year study of a drip irrigated wine grape cultivar ‘Carignano’ vineyard in
northwestern Sardinia, Italy [39] showed that natural covering spontaneous vegetation
dominated by annual grasses (Bromus hordeaceus L., Avena sterilis L., and Vulpia myuros L.)
reduced grape cluster weight in the third year compared to the traditional management
practice (soil tillage); total soluble solids of must were not significantly affected during
the different stages of grape development as well as titratable acidity during technological
maturity (although technological maturity was influenced in the first sampling dates, i.e.,
was greater in the first year after 60 days anthesis, less in the second year 60-74 days after
anthesis as well as in the third year 60 days after anthesis).

Generally, the effects induced by cover crops on the soil properties of a vineyard
are limited to the area where the cover crop is established and concentrated in the top
0-20 cm of the soil [34]. Therefore, their effect on the nutrient and carbon content in the
vineyard, although significant, is limited and associated with the growth area of the cover
crop (i.e., the inter-row area) [34]. Recommendations on the most suitable vineyard floor
management system cannot be generalized as vineyard yield and quality are site-specific
and dependent on the combination of various factors such as cultivar, location, climate,
etc. [39]. The results of the first two years of study are promising, however, further research
is necessary to determine the long-term effect of both periodic- and non-harvest treatments.

5. Conclusions

This is the first study to examine for two consecutive years the effect of different
intensities of harvest on the inter-row development of a wildflower meadow derived from
spontaneous vegetation, commonly referred to as ‘weeds’ within a table grape ‘Sultanina’
vineyard with regard to meadow composition, arthropod presence, and quantity and
quality of the grapes. The contemporary effects of the intensification of viticulture and
threatened biodiversity altogether call for the application of agricultural practices that
safeguard biodiversity and improve landscapes as an integral element of sustainable de-
velopment processes. The use of spontaneous vegetation as a wildflower meadow in the
‘Sultanina’ vineyard under the periodic- and no- harvest treatment supported biodiversity
(totaling twenty-one herbaceous species), did not pose a threat as a potential source of
insect pests for ‘Sultanina’ grapes, and sustained a stable grape production (both yield and
quality) for two years. The species Convolvulus arvensis hosted an important population of
thrips, suggesting a preference for the particular species. Both the periodic- and no-harvest
treatments were proposed for developing a wildflower meadow in a ‘Sultanina’ vineyard
over two years. The overall results, combined with the additional benefits associated with
wildflower meadows make the development of inter-row wildflower meadows from spon-
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taneous vegetation as an appealing and promising sustainable vineyard floor management
practice for long-term (permanent) use.

Continuation of the study is necessary to examine the long-term effect of the studied
treatments on the vineyard’s meadow composition, arthropod abundance, and produce
(yield and quality). Furthermore, as generalizations in viticulture are difficult, it is necessary
to apply the study in vineyards cultivated with different cultivars of both wine and table
grapes in different locations to develop a more in depth understanding of the effect of
the different intensities of harvest on the growth of the naturally growing herbaceous
species, the developed meadow biodiversity (composition), and the arthropod abundance
in relation to grape vine produce. A better understanding of the meadow dynamics can
enhance the local landscape character to economically benefit the local farmers and be used
to produce local seed mixes in cases of extremely degraded soils with poor fertility and
seed bank.
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