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ABSTRACT: Cyprus has an extensive record in grape production and winemaking. Grapevine is essential for the
economic and environmental sustainability of the agricultural sector, as it is in other Mediterranean regions. Intensive
agriculture can overuse and exhaust natural resources, including soil and water. The current study evaluated how
conservation strategies, including no tillage and semi-tillage (as a variation of strip tillage), affected grapevine growth
and grape quality when compared to conventional tillage application. Two cultivars were used: Chardonnay and
Maratheftiko (indigenous). Soil pH decreased, and EC increased after tillage applications, in both vineyards. Tillage
lowered soil N levels through mineralization, but the vineyard with Maratheftiko cultivar had higher soil N and K
levels than the vineyard with Chardonnay cultivar. No tillage reduced yield in Chardonnay; however, semi-tillage
enhanced yield in Maratheftiko. There were no major changes in plant physiology, even though Maratheftiko had less
variation in stomatal conductance values under the various tillage practices than Chardonnay. Tillage enhanced N
and K content in Chardonnay vines during flowering, and increased N in Maratheftiko. Total phenols and antioxidant
status of leaves varied, with tillage stimulating them, especially at the harvest stage. Furthermore, tillage raised
grape juice total soluble solids, pH, and total phenols in both cultivars, while anthocyanins and tannins content
were increased in Maratheftiko under no tillage. The results of this study may aid in the development of cultivation
strategies to enable viticulture to address various environmental challenges due to climate change.
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1 Introduction

One of the most valuable natural resources is soil; therefore, protecting it is crucial as climate change
progresses [1,2]. An estimated 12% of European soils are subjected to significant water erosion and soil
deterioration resulting from intensive agriculture [3]. Soil losses due to erosion greatly exceed the natural
rate of soil formation [4]. Conservation agriculture is one of the most effective systems recently adopted
to combat soil erosion and desertification, with sustainable, cost-effective and water-saving management
practices [5,6] and biological resources combined with external inputs [7]. It has been reported that soil and
water conservation techniques can reduce runoff by 50–70% and soil losses by 70–95%, depending on the
specific practices and environmental conditions [8,9]. According to the Conservation Tillage Information
Center (CTIC) [10], conservation tillage is defined as any tillage strategy that leaves at least 30% of the
soil surface covered with crop residue after planting, thereby reducing water erosion. However, it does
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not always provide sufficient protection against soil erosion and waste conservation [7]. Conservation
tillage, as opposed to traditional tillage, is a farming practice that reduces soil disturbance and promotes
soil health [11,12]. Conservation tillage includes practices such as reduced tillage, ridge-tillage, strip
tillage, mulching, and no tillage with various advantages and limitations [3,13]. According to Kertész and
Madarasz [14], conservation tillage was practiced on 22.7 million hectares (26% of arable lands) in Europe
in 2010, while Kassam et al. [5] stated that it has been expanded to nearly 200 million hectares globally.

Several studies have demonstrated the advantages of no tillage or reduced tillage in reducing soil erosion
and alleviating soil compaction compared to conventional tillage [3,15,16]. Other studies under conservation
tillage have highlighted its efficacy in terms of crop yield [17,18], improvement of soil organic carbon (C)
and nitrogen (N) [6,19] and enhancement of soil water retention capacity and water use efficiency [20].

Strip tillage is a common conservation practice that minimizes soil disturbance within the sowing
strip while leaving the inter-row areas of the field undisturbed [13]. Additionally, this method can reduce
tillage costs by up to 43% and 47% [21]. A variation of the strip tillage might include the application
of tillage in every second row, by reducing the tillage area up to 50%. This application is often called
semi-tillage. However, the impact on crop yield and soil health varies depending on the area, cultivation
practices, tested cultivars, and relies on soil and climate conditions, in comparison to conventional and
no tillage [13]. In Cyprus, conservation agriculture has been documented only recently (post 2016) and
occupies approximately 270 ha [5]. Indeed, there is a growing interest in sustainable and environmentally
friendly agricultural practices across the island.

Grapevine is one of the most cultivated fruit crops globally, grown in dry or semi-arid settings. Due
to climate change constraints, conservation tillage practices are important to be explored and applied to
vineyards, to promote soil health and conserve natural resources. Sustainable cropping systems, cultivation
techniques and management using various soil tillage methods in semi-arid vineyards are being investigated
to reduce production costs and energy consumption, while also influencing soil water availability. Reduced
(semi-tillage or decreased applications) and soil conservation tillage (no tillage) have gained popularity as
alternatives to traditional soil tillage [22]. No tillage systems in vineyards have become more widespread
recently due to their effectiveness in reducing soil erosion [2], minimizing dust formation [23], managing
soil greenhouse gas (GHG) emissions [24], and supporting biological control management [25].

According to Pérez-Bermúdez et al. [26], tillage affects the distribution of soil pores and the availability
of water and oxygen for roots and microbes, factors that contribute to organic matter degradation and soil
fertility. Conversely, tillage and irrigation are necessary for vines to absorb nutrients [27]. Early spring
tillage at a greater depth (e.g., 0.25 m) reduces soil water availability for the vines by increasing evaporation
losses as soil from deeper parts is exposed to the sun. In contrast, tillage in low depth (<0.10 m) may impact
the micropores in warmer months, affecting water movements [28].

Native cultivars, which are well-adapted to local environmental conditions, have evolved
stress-resistance mechanisms that are often linked to hormonal changes such as abscisic acid production [29].
These mechanisms serve as the primary signalling channel in drought-stressed plants, controlling stomatal
closure [30]. Recent research suggests that stomatal conductance is primarily influenced by hydraulic
signals, abscisic acid, and/or their interplay with regards to drought stress [31,32]. Tillage is the primary
agricultural practice in Cypriot vineyards, with 2–3 applications each year to eliminate ground weed cover
and decrease any antagonism for water and minerals by the weeds and the main crop. More recently,
growers have allowed natural vegetation to grow between rows as an effort to reduce cultivation costs and
to adopt more environmentally friendly practices.
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The current research aimed to examine the impacts of conservation (no tillage or semi-tillage) versus
tillage cultivation practice on two commercial vineyards with Chardonnay (international) and Maratheftiko
(indigenous) cultivars, and compare the effects of the applied cultivation practices. The study included
evaluation of soil physicochemical characteristics, vine growth, yield and grape quality during the cultivation
period. The present research is related to a specific region and climate in Cyprus.

2 Materials and Methods

2.1 Experiment Layout and Cultivars

The experiment was conducted at theMalia winery commercial vineyards (34◦48′58.08′′ N, 32◦46′17.18′′ E
and 645 m a.s.l. elevation) in Limassol, Cyprus. The experiment began in late January 2020 with vine
pruning and concluded in September, when the grapes were harvested, and soil samples were collected. Two
self-rooted grapevine cultivars were used, Chardonnay and Maratheftiko. Chardonnay is an international
white grape cultivar, sensitive to water shortage [33]. The Chardonnay plants were 23-year-old own-rooted
grapevines, and the vineyard was 0.69 ha. Maratheftiko is the most prominent Cypriot indigenous red
cultivar marketed in the island, known for its drought resistance. However, it lacks hermaphrodite
flowers and requires co-planting with other varieties (i.e., Spourtiko-white variety) to achieve fruit set and
development [34]. Maratheftiko plants were 14-year-old own-rooted grapevines, and the vineyard was
roughly 0.62 ha.

The cultivars were selected based on their popularity in Cyprus and the proximity of the commercial
fields. The two vineyards were located only 0.7 km apart, and experienced similar environmental conditions
(from May till September; dry climate with mean rainfall 15.9 mm, average min, mid and max temperatures
of 16.02◦C, 23.4◦C, and 40.7◦C; mean relative humidity 43.8%). Considering the soil texture, it was a clay
soil in Chardonnay with 48.56% clay, 32.39% sand and 19.05% silt, and a clay-loam soil in Maratheftiko
with 39.08% clay, 41.34% sand and 19.58% silt. Standard cultivation practices in these commercial vineyards
include the application of tillage two-to-three times per year, application of synthetic fertilizer (15-15-15
for N, P and K needs), irrigation two times during the summer period to manage heat stress and water
shortage, and common pest management practices (sulphur and insecticides with 3–4 applications yearly).
The vines were trained as a traditional bilateral ‘royat’ system, having two horizontal arms with spurs
growing from each arm, as described previously [34]. Plant density was 2600 plants/ha, with 1.5 m in rows
oriented north-south and 2.5 m in between. However, in the present research, vines were drip-irrigated
from the end of May, every 15–20 days, and irrigation events were based on soil water content measures
with a field-scout TDR300 with 0.2 m rods (Spectrum Technologies Inc., Aurora, IL, USA), targeting to a
volumetric water content-VWC of 20–30%, as reported in prior studies [34].

Before starting the experiment, the soil was tilled following standard practice from the previous year,
as is common in commercial vineyards. Three cultivation practices were examined, as (i) no tillage—NTi,
(ii) semi-tillage—STi and (iii) tillage-Ti with four replicate plots for each treatment and each cultivar. Each
treatment consisted of four plots distributed across two distinct rows (2 individual plots in each row, with
5 vines in each plot, for a total of 20 vines in each treatment). A single guard row was placed between
treatments to prevent treatment interference. In the case of Chardonnay, the guard row consisted of
Chardonnay cultivar, whereas in case of Maratheftiko the guard row was Spourtiko cultivar, which is
necessary for flower fertilization. The guard rows were not included in any measurements. In the no
tillage treatments, natural vegetation was allowed to develop throughout the entire growing season. In
the semi-tillage treatment, soil was tilled in every second vine row. In tillage treatment, soil in each row
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was tilled, and tillage (depth 0.15–0.20 m) took place two times (early March and end of May) during the
growing period, eliminating all natural vegetation.

2.2 Vegetative Soil Coverage

In May, samples of natural vegetation were taken. Using four samples per treatment, all vegetative soil
cover biomass inside a 1 m2 square quadrat (one quadrat per plot) was eliminated. Squares were chosen at
random. Natural vegetation fresh and dry weight (kg), total nitrogen (g/kg), organic matter (%), and the
percentage of land covered by natural vegetation per m2 were all determined.

2.3 Soil Physicochemical Characteristics

Soil physicochemical characteristics were determined during the three plant developmental stages
(flowering-May, veraison-July and harvesting-September) for both vineyards. Soil samples (four soil cores
per plot, were bulked and considered as a replicate) were collected from four replicate plots per treatment
and cultivar, with sampling to be 0.15–0.2 m distance from the plants and 0.2 m in depth. Samples were
air-dried, sieved (2 mm), and analyzed. Calcium carbonate (CaCO3) was determined with the use of the
Bernard calcimetry method, and results were expressed as a percentage. The Walkley-Black technique was
used to assess organic matter, and the findings were reported as a percentage [35]. The paste method was
used to measure pH and electrical conductivity (EC). After extraction, phosphorus (P) was determined using
the Olsen sodium bicarbonate method spectrophotometrically, and potassium (K) and sodium (Na) content
were measured by employing a flame photometer (Lasany Model 1832, Lasany International, Pachkula,
India). Mineral content was expressed as grams per kilogram of dry weight (g/kg DW). Nitrogen (N)
content was determined by the Kjeldahl method (BUCHI, Digest automat K-439 and Distillation Kjelflex
K-360, Switzerland). The soil texture (percentage of sand, silt and clay) was determined only once with a
hydrometer (Bouyoucus methods), at flowering stage in each vineyard, since this parameter is not expected
to change within couple of months, during the experimental implementation.

2.4 Plant Growth, Yield and Physiological Attributes

Plant physiology and photosynthesis attributes were determined at the three phenological phases
(flowering, veraison and harvesting) with four replicates per treatment. Leaf stomatal conductance was
measured on the 5th sun-exposed leaf from the top of the plant (2 measures per leaf) with a ΔT-Porometer
AP4 (Delta-T Devices-Cambridge, UK) in accordance with the manufacturer’s instructions. In the same
leaves used for stomatal conductance measurements, chlorophyll fluorescence was measured (highest Fv/Fm
photochemical quantum yield of PSII) with an OptiSci OS-30p Chlorophyll Fluorometer (Opti-Sciences).
Moreover, leaf samples (four replications/treatment) were used for chlorophyll extraction with dimethyl
sulfoxide (DMSO). Photosynthetic pigments, such as chlorophyll a (Chl a), chlorophyll b (Chl b) and total
chlorophyll (total Chl) contents were computed as previously reported [36] and the ratio of Chl a:Chl b
was computed.

During harvesting (late-August for Chardonnay, mid-September for Maratheftiko), the number of
clusters per plant, the cluster fresh weight (g) and the yield (ton/ha) were measured in four replicates (each
replicate had three plants) per treatment for each cultivar.

2.5 Total Phenols Content and Antioxidant Capacity in Leaves

Total phenols and antioxidant activity in leaves (six replications; each replication was a poll of
three to four leaves) were measured throughout flowering, veraison and harvesting phases, as described
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previously [37]. The total phenols content was assayed with the Folin–Ciocalteu method at 755 nm [37]. The
antioxidant capacity assayed with the 2,2-diphenyl-1-picrylhydrazyl (DPPH), ferric reducing antioxidant
power (FRAP) and 2,2′-azino-bis (3-ethylbenzothiazoline-6-sulphonic acid) (ABTS) methods.

2.6 Plant Nutrient Content

The nutrient content of petiols was measured at flowering and at veraison phases. Minerals were
extracted from around 100 leaf stems (four replicates per treatment) that were dried at 65◦C [37]. Nitrogen, K,
Na and P determined [37], while magnesium (Mg) determined by an atomic absorption spectrophotometer
(PG Instruments AA500FG, Leicestershire, UK).

2.7 Berries Qualitative Characteristics

When the sugar content reached about 24 oBrix, berries were collected according to their ripening
stage. To avoid dehydration in the field, the collected berries −100 from each of the four plots/treatments-
were transported to the lab in less than 40 min. Berries from every treatment were weighed in the lab
before being frozen and kept at −20◦C until analysis or utilized for measurements.

Total soluble solids-TSS, titratable acidity-TA and pH were determined based on the International
Organization of Vine and Wine method [38] and ascorbic acid (AA), total phenols, total anthocyanins and
tannins based on Chrysargyris et al. [34] study.

2.8 Statistical Analysis

Results were statistically analysed with the IBM SPSS version 29, performing one way-ANOVA and
Duncan’s multiple range tests for comparing treatments at p < 0.05, for each cultivar. Four to six biological
replicates/treatment (each replicate was a pool of three individual measures/samples) were measured. The
pairwise metabolite effect correlations were calculated by Pearson’s correlation test using the R program (R
version 3.6.2; 11 December 2019).

3 Results and Discussion

3.1 Vineyards Soil Physicochemical Properties

Soil physicochemical properties from the Chardonnay and Maratheftiko commercial vineyards were
examined during the three main plant developmental stages—flowering, veraison and harvesting. For
Chardonnay vineyard, analysis indicated that soil pH and total CaCO3 were significantly higher following
no tillage practice compared to the ones obtained with semi tillage and tillage, at the veraison stage
(Fig. 1(A1,D1)). Soil EC was increased with the application of tillage as it was evidenced from the flowering
(up to 39.3%) to veraison (up to 120%), and harvesting (up to 65.7%) stages (Fig. 1(B1)). Tillage and semi-tillage
practices resulted in increased organic matter content (up to 72.6%) in soil at the veraison stage (Fig. 1(C1)).

In the case of Maratheftiko, tillage increased (up to 143%) the soil EC during the plant growing period
(Fig. 1(B2)) while no differences were found in soil pH averaged in 7.40 among the treatments (Fig. 1(A2)).
Increased organic matter content (up to 75% and 47.1%) was found after the semi-tillage application, followed
by no tillage application, respectively, at harvesting period (Fig. 1(C2)), while decreased total CaCO3 content
was found in semi-tillage treated soils (Fig. 1(D2)).
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Chardonnay Maratheftiko 

  

  

  

  
Figure 1: Effects of cultivation practice (no-tillage, semi-tillage and tillage) on soil physicochemical characteristics
on Chardonnay and Maratheftiko vineyards. (A1,A2) soil pH, (B1,B2) soil electrical conductivity (EC: µS/cm),
(C1,C2) organic matter content (%) and (D1,D2) total CaCO3 (%). Measurements were made during the three plant
developmental stages (flowering, veraison and harvesting). Significant differences (p < 0.05) among treatments are
presented with different letters for each stage, based on Duncan’s multiple range tests. Error bars show SE (n = 4). No
lettering indicating not significant.
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Long term no tillage application, has been shown that can improve the organic carbon storage in
soil [39]. However, such changes could not be observed in the present study, due to the short duration
growing period, as organic C (derived from organic matter) did not accumulate in soil at the no tillage
applications. Increased organic matter content can preserve soil erosion and improve soil fertility [26].
Previous reports have indicated that conservation tillage can decrease soil pH [40], an effect attributed
to increased NH4

+-N release in soil. However, the pH decrease was not evidenced in the present study
for the tested vineyards at no tillage application, most probably due to different soil textures, duration of
the research and/or examined plant species among the different studies. Busari et al. [41] reported that
tillage may not have a direct impact on soil pH; rather, its impacts will vary depending on soil’s type,
management practices, and current climate. Indeed, the pH fluctuation during the growing period was
varied in Chardonnay and in Maratheftiko vineyards, and this can also be attributed to their specific soil
microbiome profile [42]. In a previous report by the authors, it has been proven the negative correlation of
soil pH with Maratheftiko cultivar under water shortage conditions [42].

The EC reflects the capacity of soil water to conduct electrical current. Thus, EC may be used to
quantify soil salinity. Soil EC increased over the growing season likely due to elevated evaporation during
the hot, dry summer in Cyprus, causing salt accumulation in the soil’s top layers [43]. Soils with natural
vegetation seem to preserve the increase of EC, but the final effects are also depended on the grapevine
cultivar and mineral needs. This aspect should be considered to minimize saline issues in soils, and a
portion of the irrigation dosage should be utilized to remove salt from the soil’s deeper levels.

Mineral content in soil affected by the cultivation practices, cultivar and growing period for both
Chardonnay andMaratheftiko (Fig. 2). In Chardonnay, N content was high in semi-tilled soil at the flowering
stage (Fig. 2(A1)), K content was increased in semi-tilled and tilled soils during the flowering and veraison
stages (Fig. 2(B1)). Phosphorus content was initially higher at no-tilled soil at the flowering stage but
decreased at veraison and harvesting stages when compared to semi-tilled and tilled soils (Fig. 2(C1)).
Sodium fluctuated among the treatments with not clear tendency/effect (Fig. 2(D1)). For Maratheftiko, no
tillage practice resulted in higher N and Na content in soil compared to semi-tillage and tillage applications
(Fig. 2(A2,D2)), whereas soil K content was increased after the semi-tillage application (Fig. 2(B2)). Decreased
P levels were found in no-tilled soils at the veraison stage compared to semi-tilled and tilled soils, however,
this was reversed at the harvesting stage (Fig. 2(C2)).

Soil tillage impacts the breakdown and mineralization of nitrogen from crop residues and existing
sources, affecting the inorganic N pool accessible to grapevines [44]. This can possibly justify the decreased
N levels obtained in soil after the tillage application, which is in accordance with prior reports on spring
wheat when subjected to different conservation tillage strategies [40]. In a previous report by the authors, it
has been proven the increased content of N and K in Maratheftiko compared to other indigenous (Xynisteri)
or international (Chardonnay) cultivars [42]. Furthermore, the quantity of K and N in the soil accessible for
absorption rises throughout the growing season, although P levels often stay steady [45]. Considering the
K and N levels in soil, both of them are more prevalent in clay soils than the P, and this is related to their
greater mobility in soil [46]. Overall, soil management, cultivation period, and phenological phase were
affected the soil chemical properties [47].
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Chardonnay Maratheftiko 

  

  

  

  
Figure 2: Effects of cultivation practice (no-tillage, semi-tillage and tillage) on soil mineral content on Chardonnay
and Maratheftiko vineyards. (A1,A2) nitrogen-N, (B1,B2) potassium-K, (C1,C2) phosphorus-P, (D1,D2) sodium-Na
content (g/kg). Measurements were made during the three plant developmental stages (flowering, veraison and
harvesting). Significant differences (p < 0.05) among treatments are presented by different letters for each stage, based
on Duncan’s multiple range tests. Error bars show SE (n = 4). No lettering indicating not significant.
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3.2 Natural Vegetation

For Chardonnay vineyard, the natural vegetation occupied the 48.1% of soil surface, with the main
species identified were Poaceae (Avena sp., Bromus sp. and Lolium sp.), Malvaceae (Malva sp.), Asteraceae
(Sonchus sp.), Fabaceae (Medicago sp.), Papaveraceae (Papaver sp.), and Brassicaceae (Hirschfeldia incana).
Total biomass weight was 0.78 kg/m2 for the no-tilled soils having 40.3% dry matter content. The organic
matter and total N content were 90.95% and 12.05 g/kg, respectively. In the Maratheftiko vineyard, the
natural vegetation occupied 57.6% of the surface soil, and the main species were Poaceae (Aegilops sp.,
Bromus sp.), Brassicaceae (H. incana, Capsella bursa-pastoris), Malvaceae (Malva sp.), Asteraceae (Sonchus
sp.), and Fabaceae (Medicago sp.). Total biomass weight was 0.813 kg/m2 for the no-tilled soils having 40.5%
dry matter content. The organic matter and total N content were 92.38% and 11.89 g/kg, respectively. The
increased dry matter content observed from the harvested biomass was related to some woody species
involved in the sampling plots. Overall, in both vineyards, the organic matter levels and total N were in
similar levels that could contribute to the additional mineral input in a long-term time, after decomposition
of the organic matter. The observed plant species in the present study are frequently appear in vineyards
and olive-groves and constitute a multispecies natural vegetation [48]. It is also important to consider that
natural vegetation might compete the main crop (i.e., grapevines) with minerals and water, and possible
additional fertilization and irrigation efforts might be needed, in order to avoid any antagonistic evidence
among grapevines and natural vegetation.

3.3 Plant Growth and Physiology

Cultivation practices affected mainly the grapevine yield rather than the cluster number produced and
their relevant fresh weight (Table 1). In Chardonnay, plant yield increased up to 54% with tillage compared
to no tillage application, while increased tendency for cluster fresh weight and number was evidenced for
the tillage treatment. In Maratheftiko, the tillage application increased yield (up to 44.7%) in semi-tillage
treatment compared to the no tillage application (Table 1).

The number of cluster and mean fresh weight were in similar levels after tillage and no tillage
application in two cultivars [49], being in agreement with the current results. Similar observations were
reported for the Portuguese native grapevine Trincadeira cultivar, following tillage, no tillage and cover
crop practices [50]. Additionally, in the same study it was mentioned that cluster number and yield can vary
within different years. The impact of cover crops in vineyards varies. It has been reported that cover crops
may decrease vegetation with more profound yield losses in warmer areas, with indirect negative impacts
on grape quality [49]. Other reports showed no effect [51] or even increased yield when grapevines were
intercropped with annual species [52,53]. In the present research, plant yield was increased with soil tillage
in Chardonnay or with soil semi-tillage in Maratheftiko. However, these impacts on yield might change
after a multiyear application of natural vegetation or cover crops, as their rooting system can interact with
the vines roots.

Short-term no tillage application decreased maize yield and this economic losses render no tillage less
popular to be adapted by the farmers [54], while strip tillage application increasedmaize yield [55]. Therefore,
intermediate solutions such as semi-tillage might be more favorable and economically efficient, combining
the advantages of the no tillage and tillage practices. In the present study, semi-tillage applications resulted
in similar (in case of Chardonnay) or higher (in case of Maratheftiko) yield than no tillage, depending on
the cultivar examined and its adaptation to the semi-arid conditions. This is in line with the adaptation
of Maratheftiko to semi-arid climatic conditions with increased heat stress evidence and impacts plant
physiological performance [42]. Prior reports indicated that in mature vineyards, the cover crop presence
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or no tillage (natural vegetation) application did not affect grapevine yield due to less competition among
the crops and the well-established root system of the grapevines [47]. This could be a cultivation strategies
of introduction cover crops in mature vineyards to maintain yield and grape quality [49].

Table 1: Effects of cultivation practice (no-tillage, semi-tillage and tillage) on Chardonnay and Maratheftiko cultivars
on the number of clusters per plant, cluster fresh weight (FW; g) and yield (ton/ha).

Clusters Number Clusters FW Yield

Chardonnay No tillage 18.97 ± 1.84 144.97 ± 12.53 7.05 ± 0.77b
Semi-tillage 20.04 ± 1.68 164.77 ± 9.24 8.77 ± 1.04ab
Tillage 23.80 ± 1.06 177.45 ± 15.73 10.86 ± 1.20a

Maratheftiko No tillage 27.98 ± 3.43 133.94 ± 15.59 9.68 ± 1.21b
Semi-tillage 34.07 ± 3.22 169.74 ± 2.39 14.01 ± 1.14a
Tillage 26.36 ± 3.17 164.44 ± 20.51 10.51 ± 1.71b

Significant differences (p < 0.05) among treatments for each cultivar are presented with different lettering, based on Duncan’s
multiple range tests. Error bars show SE (n = 6).

In Chardonnay, leaf stomatal conductance decreased after tillage practice at flowering and veraison
stages, but increased at harvesting stage (Fig. 3(A1)). Chlorophyll fluorescence was not affected by the
cultivation practice and plant growth stage, as averaged in Fv/Fm 0.71 (Fig. 3(B1)). In Maratheftiko, both
leaf stomatal conductance and chlorophyll fluorescence were decreased at harvesting stage in vines grown
in tilled soil (Fig. 3(A2,B2)). A few studies have looked at the effects of soil tillage on grapevine physiology
when natural vegetation is present. It has been reported that soil tillage might have little effect on grapevine
stomatal conductance and net photosynthesis [41], being in accordance to the present observations, as
stomatal conductance was decreased at flowering and veraison stages but recovered at the harvesting stage
for Chardonnay or had mimic effects on Maratheftiko. Several studies reported negligible effects of tillage
on leaf gas exchange [49,56], highlighting the leaf photosynthetic performance, as it was observed with the
negligible or not differences on the Fv/Fm values in Chardonnay and in most cases in Maratheftiko. However,
more insights can be observed when the cultivars are evaluated for their potential genetic, morphological
and root system differences. Prior report in Chardonnay and in Maratheftiko soil microbiome profile
support the differences among the cultivars and their adaptation to semi-arid climate [42].

Chlorophylls content was mainly affected during flowering and veraison stages for Chardonnay
(Fig. 4(A1–D1)) or throughout the whole growing period for Maratheftiko (Fig. 4(A2–D2)). In Chardonnay,
chlorophylls were increased at semi-tillage application at flowering stage and at no tillage at the veraison
stage (Fig. 4(A1–C1)). Increased Chl a:Chl b ratio was found with semi-tillage and tillage applications at the
veraison stage (Fig. 4(D1)). In Maratheftiko, chlorophylls content ranged among the examined treatments,
with no clear trend (Fig. 4(A2–C2)), while increased Chl a:Chl b ratio was found with tillage applications at
harvesting stage (Fig. 4(D2)). Chl b is converted to Chl a by the degradation of chlorophylls [57]; which
can explain the lower chlorophyll content and higher Chl a:Chl b ratios observed in plants subjected in
tillage. Plants that are less stressed can devote more resources to chlorophyll synthesis rather than stress
responses, resulting in greater chlorophyll content [58].

3.4 Total Leaf Phenols and Antioxidant Activity

In Chardonnay, total leaf phenols and antioxidant activity as assayed by DPPH, FRAP and ABTSmethod,
revealed reduced levels in plants subjected to semi-tillage application (Fig. 5(A1–D1)). In Maratheftiko
total phenols increased in plants at veraison stage (up to 21.9%) after soil tillage and at harvesting stage
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(up to 7.7%) after soil no tillage (Fig. 5(A2)). Additionally, increased antioxidant capacity was evidenced
in plants grown in tilled soil at veraison (as shown by DPPH; Fig. 5(B2)) and harvesting (as shown by
DPPH, FRAP, ABTS; Fig. 5(B2–D2)) stage. Total phenols and antioxidant mechanisms of plants increased
under the challenges of both abiotic and biotic stressors [59,60]. It seems that semi-tillage caused less
oxidative damage which was mirrored to the less phenolics and antioxidant capacity of the grapevine’s
leaves. Interestingly, Maratheftiko leaves had higher levels of phenols and antioxidants at harvesting
stage compared to Chardonnay, which is of importance as several grapevine cultivars’ leaves are collected
and used as edible leaves in Mediterranean countries [61]. In Galicia, Spain, differences between local
and international grape varieties were found in the polyphenols content and antioxidant activity of wine
samples [62], supporting further the present observations.

Chardonnay Maratheftiko 

  

  

Figure 3: Effects of cultivation practice (no-tillage, semi-tillage and tillage) on Chardonnay and Maratheftiko cultivars
on (A1,A2) leaf stomatal conductance (mmol/m2/s) and (B1,B2) leaf chlorophyll fluorescence (Fv/Fm). Evaluation
was made in three plant developmental stages (flowering, veraison and harvesting). Significant differences (p < 0.05)
among treatments are presented with different lettering, based on Duncan’s multiple range tests. Error bars show SE
(n = 6). ns: not significant.



12 Phyton-Int J Exp Bot. 2026;95(1):1

Chardonnay Maratheftiko 

  

  

  

  

Figure 4: Effects of cultivation practice (no-tillage, semi-tillage and tillage) on Chardonnay and Maratheftiko cultivars
on (A1,A2) Chlorophyll a (Chl a; mg/g FW), (B1,B2) Chlorophyll b (Chl b; mg/g FW), (C1,C2) total chlorophylls (total
Chl; mg/g FW) and (D1,D2) Chl a:Chl b ratio. Evaluation was made in three plant developmental stages (flowering,
veraison and harvesting). Significant differences (p < 0.05) among treatments are presented with different lettering,
based on Duncan’s multiple range tests. Error bars show SE (n = 6). ns: not significant.
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Chardonnay Maratheftiko 

  

  

  

  

Figure 5: Effects of cultivation practice (no-tillage, semi-tillage and tillage) on Chardonnay and Maratheftiko cultivars
on (A1,A2) total phenols (mg GA/g), and antioxidant activity (B1,B2) DPPH (mg Trolox/g), (C1,C2) FRAP (mg
Trolox/g), and (D1,D2) ABTS (mg Trolox/g). Evaluation was made in three plant developmental stages (flowering,
veraison and harvesting). Significant differences (p < 0.05) among treatments are presented with different lettering,
based on Duncan’s multiple range tests. Error bars show SE (n = 6). ns: not significant.
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3.5 Petiol Mineral Content

Mineral content in petiols were evaluated at flowering and veraison stages, whereas highly active
leaf metabolism was taken place. In Chardonnay, tillage increased N (up to 15.3%) and K (up to 17.9%)
content during flowering and this was also evidenced during veraison for K (up to 28.5%) (Fig. 6(A1,B1)). At
flowering, increased P content was found in plants grown in semi-tilled soil while at veraison stage, the
greatest P content was observed in plants grown in no-tilled soil compared to the plants grown to soils
with semi-tillage and tillage (Fig. 6(C1)). The Mg and Na content was increased in plants at flowering stage
after no tillage in soil and at veraison stage after soil semi-tillage (Fig. 6(D1,E1)). In Maratheftiko, increased
N, K and P levels were found during flowering stage compared with the veraison stage while the opposite
was evidenced for Mg and Na content that were increased at the veraison stage (Fig. 6(A2–E2)). In details,
at flowering stage, plants N content was increased after soil tillage, plants K content was increased after
semi-tillage in soil and plant Na content was increased in no-tilled soil. At the veraison stage, plants N
and K were higher at semi-tilled soil (Fig. 6(A2,B2)), plant Na increased at no-tilled soil (Fig. 6(E2)), plant P
increased at no-tilled and semi-tilled soils (Fig. 6(C2)), and plant Mg increased at semi-tilled and tilled soils
(Fig. 6(D2)), in comparison to the other applied treatments.

In previous studies, N content in leaves was lower in no tillage compared to tillage applications
in grapevine [49], where the cover crop might increase the competition for nutrients, especially N [63].
Moreover, tillage stimulated the decomposition and mineralization of N from plant leftovers and make
available N to be up taken by the grapevines roots [44]. The differences in nutrient accumulation under
different cultivation practices indicate competition of nutrient uptake with the natural vegetation in
vineyards under arid conditions. Moreover, the increased N and K levels in petiols found in vines after soil
tillage are mirrored to the decreased mineral levels in soil for the adequate plant phenological stages. These
shifts might reflect different nutrient leaching, microbial activity, or cultivar-specific uptake. Leaf P content
increased at veraison stage from plant grown to soil with no tillage or semi-tillage compared to tillage,
being in accordance with table grapes vineyard in Italy whereas both P and S increased in cover-cropped
vineyards [64]. However, other studies showed that cover crops and no tillage applications on regulated
deficit irrigation grapevines for three years, had little or no effects on mineral accumulation in plant tissue,
suggesting that conservation tillage practices may be applied in irrigated vineyards with very little direct
impacts on plant development in mature vineyards [27].

Chardonnay Maratheftiko 

 

  

  

Figure 6: Cont.
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Chardonnay Maratheftiko 

 

  

  

  

  

Figure 6: Effects of cultivation practice (no-tillage, semi-tillage and tillage) on Chardonnay and Maratheftiko cultivars
on (A1,A2) nitrogen-N, (B1,B2) potassium-K, (C1,C2) phosphorus-P, (D1,D2) magnesium-Mg, and (E1,E2) sodium-Na
content (g/kg). Evaluation was made in two plant developmental stages (flowering and veraison). Significant
differences (p < 0.05) among treatments are presented with different lettering, based on Duncan’s multiple range tests.
Error bars show SE (n = 4). ns: not significant.
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3.6 Grape Quality Characteristics

The effect of cultivation practices on grape quality characteristics for Chardonnay and Maratheftiko
cultivars is presented in Table 2. In Chardonnay, soil tillage increased TSS, pH, total phenols, anthocyanins
and tannins content but decreased TA in grapes. Similar to tillage, semi-tillage also resulted in increased pH
in grape juice compared to the no tillage application. No changes were evidenced in ascorbic acid content.
In Maratheftiko, tillage increased TSS, pH, AA, total phenols but decreased anthocyanins and tannins
content. The highest TA and anthocyanins levels were found in grapes from vines grown in semi-tilled soil,
while the highest tannins were found in grapes from vines grown in no-tilled soil.

Previous studies indicated that tillage application resulted in decreased juice pH of grapes, compared
to the no tillage treatment [49], which is in contrast to the present findings, whereas the juice pH was
increased with tillage. This variation might be related to the different experimental set up, cultivars and
environmental conditions, among the different studies. The TA was significantly increased in grapes from
vines grown in till-treated soil compared to no-tilled ones [63], which is in contrast with the present findings.
However, tillage could boost the TSS levels and promote the ripening process of grapes compared to the
vines grown in no-tilled soil, as also presented previously [29]. In other studies, TSS was not affected [49]
or decreased [22] by the tillage application. These differences could be related to the fact that mature
grapevines can be more resistive to the cover crops adoption because of the well-established root system
that can withstand the competition with cover crop [47].

Table 2: Effects of cultivation practice (no-tillage, semi-tillage and tillage) on Chardonnay and Maratheftiko cultivars
on grape total soluble solids (TSS: %), titratable acidity (TA: % tartaric acid), pH, ascorbic acid (AA: mg/100 mL grape
juice), total phenols (gallic acid equivalent: GAE/100 g FW), anthocyanins (mg cyn-3-glu/100 g FW) and tannins
(mg/100 mL grape juice).

TSS TA pH AA Phenols Anthocyanins Tannins

Chardonnay No tillage 19.71 ± 0.33c 0.81 ± 0.03a 3.24 ± 0.05b 0.81 ± 0.12 2.65 ± 0.07c 0.26 ± 0.03ab 0.21 ± 0.04b

Semi-tillage 20.65 ± 0.16b 0.68 ± 0.01b 3.39 ± 0.01a 0.76 ± 0.02 3.10 ± 0.09b 0.16 ± 0.02b 0.24 ± 0.04ab

Tillage 21.53 ± 0.19a 0.61 ± 0.01c 3.34 ± 0.01a 0.77 ± 0.03 4.43 ± 0.07a 0.42 ± 0.09a 0.34 ± 0.04a

Maratheftiko No tillage 20.43 ± 0.13b 0.64 ± 0.04b 3.04 ± 0.03b 1.01 ± 0.21ab 4.08 ± 0.07c 61.80 ± 1.77b 0.66 ± 0.04a

Semi-tillage 21.57 ± 0.44b 0.73 ± 0.03a 3.05 ± 0.01b 0.56 ± 0.13b 4.74 ± 0.07b 67.42 ± 2.58a 0.40 ± 0.07b

Tillage 22.77 ± 0.31a 0.66 ± 0.02ab 3.16 ± 0.01a 1.26 ± 0.11a 5.91 ± 0.12a 47.37 ± 0.27c 0.19 ± 0.03c

Significant differences (p < 0.05) among treatments are presented with different lettering, based on Duncan’s multiple range tests.
Error bars show SE (n = 6).

Red grapevines cultivars and wines are associated with increased anthocyanins and tannins levels
compared to the white cultivars [65]. Anthocyanins and tannins are interconnected, with the former
to contribute to grapes colors whereas the latter contribute to grapes and wines tactile characteristics
and color stability [66]. In red cultivars (such as Maratheftiko), one of the most noticeable aspects of
fruit ripening is anthocyanins accumulation or red pigments, in the grape skin during veraison. Grape
anthocyanin accumulation may follows a trend of sugar accumulation, while regional variations and cultural
management practices can significantly alter this pattern [67]. In accordance with the findings of Cataldo
et al. [68,69] grapes with higher ◦Brix values tended to show increased anthocyanin levels, suggesting that
sugar accumulation may promote phenolic synthesis under favorable ripening conditions. In the present
study, Maratheftiko anthocyanins levels did not follow up the TSS levels, most possibly due to the very little
variation on TSS by the tillage applications. Tannins are complex molecules of polymers that contribute
to many sensorial characteristics of wine, especially red wines. Additionally, they act as antioxidants,
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shielding the wine from quality degradation [70]. The content of these chemicals in grapes can alter in
regards to tillage methods [71], but it can be cultivar depended. In the present study, tannins increased
with tillage in Chardonnay but decreased in Maratheftiko cultivar. Moreover, tillage boosted the phenolics
levels in grape, which consumers may find quite appealing.

3.7 Overall Effect

Heatmaps (Fig. 7A,B) according to the relative expressions of soil characteristics, plant growth, minerals,
physiological and fruit quality traits of the Chardonnay and Maratheftiko demonstrated a differential in
responses among the treatments. In Chardonnay, tillage stimulated soil EC and P; chlorophyll fluorescence
and leaf N and K; cluster weight, number produced and yield, fruit phenols, tannin, TSS, and pH, whereas no
tillage promotes the accumulation of organic matter content and N, as well as increases soil pH; Chlorophylls
content; leaf P; fruit AA and TA levels (Fig. 7A). Interestingly, semi-tillage stimulated antioxidant capacity
of plants and stomatal conductance (Fig. 7A).

In Maratheftiko, tillage stimulated total phenols in leaves and fruits, leaf antioxidant activity (DPPH,
FRAP), fruit pH and TSS and soil EC. No tillage application allows the buildup of soil P and Na, leaf P and
Na, fruit tannins and Chl a:Chl b ratio (Fig. 7B). Semi-tillage promoted the accumulation of soil organic
matter content, soil (N, K) and leaf (N, K, Mg) minerals, and increased leaf stomatal conductance, cluster
number, fresh weight and yield (Fig. 7B).

Figure 7: Metabolite changes in grapevines. Heat map indicating relative expressions of growth and physiological
traits elicited in grapevines (at veraison) and soil properties (at harvesting) (A) Chardonnay and (B) Maratheftiko
when subjected to semi-tillage and tillage as compared with the no tillage treatment.
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Previous studies have indicated that no tillage, which minimizes soil disturbance, promotes the buildup
of organic matter and soil N [72]. This effect was more pronounced in the Chardonnay vineyard than
in the Maratheftiko vineyard. In contrast, tillage accelerated the decomposition of soil organic matter
and mineralization processes, which can potentially influence plant growth, yield and quality attributes.
However, tillage may also increase the risk of long-term productivity losses, by depleting soil organic
matter and reducing microbial biodiversity [17]. Semi-tillage application resulted in intermediate outcomes
compared to tillage and no tillage treatments, as similar findings and increased yields have been reported
when strip tillage was applied in maize fields [13,55].

Agriculture’s environmental impact and climate change present additional challenges. Agriculture
accounts for approximately 30% of global greenhouse gas emissions (GGE), including carbon dioxide,
nitrous oxide and methane, and is directly influenced by climate change [5]. Therefore, practices that
reduce GGE and promote sustainable food production represent critical challenges for the coming decades.
Busari et al. [41] reviewed that conservation tillage enhances crop resilience, enabling plants to better
withstand various stress events compared to those under conventional tillage. The reduced tillage (up to
67%) application (from three times to one time per year] and application of locally produced animal manure
in Cyprus may contribute to decrease carbon footprint by 40–67% [73]. Although carbon footprint was not
directly evaluated in the present study, both no tillage and semi-tillage practices are expected to contribute
positively in this regard compared to the conventional tillage practice. Conservation tillage techniques
are therefore more crucial than ever for producing food sustainably while minimizing potential negative
impacts on the soil health and atmosphere.

4 Conclusions

In the present research, the impacts of conservation tillage treatments on the soil physicochemical
profile, and the vine’s growth, yield and grape quality were evaluated in Chardonnay and in the indigenous
Maratheftiko cultivars. Tillage decreased soil N levels through mineralization. Interestingly, the soil in the
Maratheftiko vineyard had increased N and K levels compared to the soil in the Chardonnay vineyard. No
tillage practice in the soil decreased yield in Chardonnay, while increased yield was found in Maratheftiko
following the soil semi-tillage. No great effects were found on plant physiology, even though Maratheftiko
vines revealed more stable leaf stomatal conductance levels under the different cultivation practices,
compared to Chardonnay. In Chardonnay, the tillage increased the plants N and K content during flowering.
In Maratheftiko, N and K content increased at plants after soil tillage and soil semi-tillage, respectively.
Moreover, soil tillage increased grape juice TSS, pH and total phenols for both cultivars and increased tannin
content only in Chardonnay. Additional research will determine the impact of tillage on other cultivars in
Cyprus, particularly the local varieties that might be utilized to adapt Cypriot viticulture to climate change.
The present research is related to a specific region and climate, and broader research is needed to define the
outputs of the present study in other regions. Furthermore, these trials must be repeated for multiple years
and in other soil textures to provide a comprehensive evaluation of the impacts of tillage on grapevines’
physiology and yield quality. Organic matter enrichment in soil could also support soil health and improve
its fertility.
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