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Summary

The vineyard inter-row management affects grape-
vine vegetative and bunch health status, as well as yield
and grape quality parameters. Several studies assessed
that cover-cropped inter-row in place of soil tillage
often reduced plant vigour and yield but positively con-
tributed to vineyard ecosystem services and, to a lower
extent, to grape quality. In 2013 and 2014, two inter-row
management strategies, i.e. soil tillage and mowing of
spontaneous cover crops, were compared in an organic
vineyard in north-eastern Italy and cultivated with 'Sau-
vignon Blanc' (Vitis vinifera L.), clones R3 and 297. In
particular, the effects of tillage and mowing treatments on
grapevine vegetative and bunch health status, yield and
grape quality were evaluated. The vegetative parameters
were lower in the mowing treatment than in the tillage
one and in clone R3 compared to 297. The incidence of
Botrytis cinerea was higher in the tillage treatment than
in the mowing one and in clone 297 compared to R3.
A significant reduction of the yield and bunch weight
was ascertained in the mowing treatment, and these
parameters were higher for clone 297 compared to clone
R3. Titratable acidity was significantly higher in the
tillage treatment than in the mowing one and in clone
297 compared to R3. Moreover, hue of berry skin was
qualitatively better in the tillage treatment than in the
mowing one. In the pedo-climatic conditions of Friuli
Venezia Giulia (north-eastern Italy), the management
of the vineyard inter-row with spontaneous cover crops
proved to be effective to manage grapevine vigour, re-
ducing yield and improving quality of the grapes during
maturation.

Key words: 'Sauvignon Blanc'; clones; soil tillage;
permanent green cover; Botrytis cinerea; hue of berry skin.
Introduction

Managing inter-rows with or without spontaneous cover

crops influence vegetative and productive parameters, as
well as bunch health status (ABAD et al. 2021). Moreover,

inter-row management impacts on biodiversity and eco-
system services, as tillage and herbicide applications affect
soil erosion rate, soil fertility degradation and groundwater
contamination (WINTER et al. 2018).

Spontaneous cover crops can compete with grapevines
for water and nutrients, compromising plant vigour and, as
a consequence, yield (TAN and CRABTREE 1990, CARSOULLE
1995, RODRIGUEZ-LOVELLE et al. 2000, DavID et al. 2001,
PARDINI et al. 2002, INGELS et al. 2005, WHEELER et al.
2005, TEsic et al. 2007, CELETTE et al. 2009, GUERRA and
STEENWERTH 2012). The adverse effects of spontaneous
cover crops on grapevine yield increase in rainfall-defi-
cient climates when irrigation is unavailable (MoRLAT and
GEOFFRION 2000, MARQUES et al. 2010, RiPOCHE et al. 2011,
Rui1z-CoLMENERO et al. 2011, WINTER et al. 2018). Howev-
er, in too vigorous vineyards, inter-row mowing represents
an effective tool to control vegetative growth (BESLIC ef al.
2015). Benefits can also be observed on must quality, with
increased total soluble solids and polyphenolic compounds,
lower titratable acidity and higher pH (CARSOULLE 1995,
MorLAT and GEOFFRION 2000, DavID et al. 2001, MORLAT
and JACQUET 2003, WHEELER ef al. 2005, BEsLIC ef al. 2015).
Pathogens such as grey mould (Botrytis cinerea Pers.),
downy mildew (Plasmopara viticola Berk. & M. A. Curtis,
Berl. & De Toni) and powdery mildew (Erysiphe necator
Schwein) are reduced in cover-cropped inter-row vineyards,
primarily due to lower vigour of vines (CARSOULLE 1995,
MoRrLAT and GEOFFRION 2000, MORLAT and JACQUET 2003,
VALDES et al. 2005, VALDES-GOMEZ et al. 2011). Moreover,
spontaneous cover crops can favour arthropod pest control
(BERNDT et al. 2006, SANGUANKEO and LEON 2011, DAANE
et al. 2018, WINTER et al. 2018), mainly increasing the
abundance of natural enemies. However, some polyphagous
pests can be favoured by the availability of alternative host
plants and shelters in cover-cropped inter-rows (COSTELLO
and DAANE 1998, LANDIS et al. 2000, DANNE et al. 2010,
JuDT et al. 2019). Selective cover crops maximised bio-
logical control of some pests in vineyards (BEGUM et al.
2006, NBOYINE et al. 2018). As for the carpophagous moth
Lobesia botrana (Den. & Schiff.) (Lepidoptera: Tortricidae),
HOFFMANN et al. (2017) did not observe significant effects
of selective cover crops vs native ground vegetation on
parasitisation and predation of eggs or pupae, whereas SERRA
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et al. (2006) reported higher larval infestation in tilled plots
than spontaneous cover crop plots.

Despite some difficulties, the farmers could be en-
couraged to adopt spontaneous cover crops management
for marketing purposes, as wine consumers increasingly
appreciate eco-friendly farming practices (VIERS et al. 2013).
In addition, the agri-environmental measures adopted by
the Friuli Venezia Giulia region encourage cover-cropped
inter-row management through public subsidies considering
this practice beneficial for the community as it promotes
biodiversity and other ecosystem services.

In an organic vineyard, periodical soil tillage-based
inter-row management, normal soil management adopted
in the past in this grape-growing area, was replaced with
periodical cover-crops mowing. The purpose of this study
was to evaluate the effects of the management modification
on (i) grapevine vegetative status, (ii) bunch health status,
(iii) grape yield and (iv) grape quality.

Material and Methods

Vineyard site: The study was carried out during
two consecutive years (i.e. 2013 and 2014) in an organic
vineyard located in north-eastern Italy (locality Cormons,
Gorizia district, 45°56'56"N, 13°27'11"E, 46 m a.s.l.). The
vineyard was planted in 1980 with two clones of 'Sauvignon
Blanc' (Vitis vinifera L.), i.e. clones R3 and 297 grafted on
SO4. The vineyard consisted of 16 rows 140 m long and
N48°E oriented. The first nine rows (south side) were plant-
ed with clone 297 and the following seven with clone R3
(Fig. 1). The vine spacing was 1.7 m between vines and 2.7
m between rows and trained to the Guyot training system.
The soil was of alluvial origin, with moderately high gravel
content (20-30 % in the first 50 cm of soil) and loam texture.
In the years prior to the study, every second inter-row was
tilled. Fertilisation and irrigation were set up according to
the farm schedule. As for the canopy management, standard
agronomical practices have been carried out during the trial
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Fig. 1: Experimental design of the trial carried out in a vineyard
of north-eastern Italy (Cormons, Gorizia), planted with two clones
of 'Sauvignon Blanc', where two different inter-row management
strategies (i.e. tillage-TT and mowing-MT) were compared (aerial
image modified with QGIS; QGIS.org, 2021; QGIS Geographic

Information System; QGIS Association; http://www.qgis.org).

with manual vertical shoot positioning and mechanical trim-
ming during the summer. The timing and intensity of these
cultural practices were the same for each plot. As regards
plant protection, no insecticide and only sulphur- and cop-
per-based fungicides were applied on grapevines.

Treatments: In early spring 2013, two inter-row
management strategies were established in the vineyard:
mowing, with spontaneous cover crops between rows, and
tillage, with the periodical restoration of bare soil between
rows (Fig. 1). In the mowing treatment (hereafter "MT"),
every second inter-row was mowed when flowering began in
the next inter-row. This management technique was adopt-
ed to maintain flowering plants at least on one side of the
grapevine rows. Thus, nectar and pollen for natural enemies
were guaranteed throughout the whole vegetative season. In
the tillage treatment (hereafter "TT"), all the inter-rows were
ploughed to avoid flowering of newly emerged herbaceous
plants. To achieve this result, twice per year (6 May and 1
July 2013, 5 May and 5 July 2014), inter-rows of MT were
mowed, and those of TT were cultivated, using a shredding
machine and a tractor-mounted tiller, respectively. Each
treatment was replicated in two plots for each clone (block)
(Fig. 1). Plot size was ca 550 m? (about 120 vines) for clone
R3 block and 750 m? (about 160 vines) for clone 297 block.

Weather data and Lobesia botrana
phenology: The temperature and rainfall data were
obtained from a weather station (Gradisca d'Isonzo, Gorizia,
ARPA FVG-OSMER, http://www.meteo.fvg.it/) located
at 6 km from the study vineyard. Male flight phenology of
L. botrana and the grapevine phenology were provided by
the Consorzio Tutela Vini DOC Friuli Isonzo (Cormons,
Gorizia).

Sampling: During the two-year trial, samplings
were carried out to assess (i) grapevine vegetative status,
(i1) bunch health status, (iii) yield and (iv) grape quality.
Unless otherwise specified, samplings were performed in
the two central rows of each plot, excluding the five plants
next to the plot border.

Grapevine health status: Normalised Dif-
ference Vegetation Index (NDVI) and pruning weight were
used to determine the grapevine vegetative status.

ROUSE et al. (1974) introduced the NDVI index as the
first multispectral index related to the plants vigour. Vigorous
grapevines, characterised by large and dense canopies, are
associated with high NDVI values, whereas less vigorous
grapevines have low NDVI. Thus, in some studies NDVI has
been adopted to evaluate within-vineyard vigour differences
(B1GoT et al. 2013, HALL et al. 2002).

The NDVI was calculated by processing the data col-
lected on 6 September 2013 and 16 August 2014 using two
ACS-210 optical sensors (Holland scientific Inc., Lincoln,
Nebraska) laterally installed on a four-wheeler (All-Terrain
Vehicle). Measurements were recorded every 0.5 m with
a PC data logger mounted aboard. Data processing was
then performed using FarmWorks® software (Farm Works
Information Management - Hamilton, Indiana) to exclude
outliers. Furthermore, QGIS software (https://www.qgis.
org/) was used to calculate mean NDVI values for each plot
with spatial statistical analysis. Pruning weight was collected
on 13 January 2014 and 18 March 2015. One-year-old canes
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of five plants per plot were weighed (kg per plant) with a
digital dynamometer.

Bunch health status: Lobesia botrana, downy
mildew (P, viticola) and bunch rots were considered agents
of bunch damages. The larval infestation of the L. botrana
second generation was estimated at about 40 d after the be-
ginning of the second flight, whereas the larval infestation
of the moth third generation was estimated at harvest time
(August 2 and September 4, 2013; August 1 and Septem-
ber 9, 2014). At each sampling time, 50 bunches per plot
were examined on 10 different plants. Five bunches were
chosen alternately from each grapevine based on an a priori
scheme to avoid subjective choice (PAVAN ef al. 1998). On
each bunch, the number of larval nests was counted. A larval
nest consists of a group of berries with feeding and webbing
damages caused by a single larva.

At harvest time, on the same bunches sampled for
larval nests of L. botrana, third generation, the percentage
of berries with downy mildew (P. viticola), grey mould
(B. cinerea), sour rot and black aspergilli rot (4spergillus
section Nigri) was also assessed. For this purpose, disease
severity was estimated according to eight classes (0, 1, 5, 10,
25, 50, 75, and 100 % of rotten berries) by visually rating
individual bunch.

Grape yield and quality: At harvest time,
the number of bunches was counted on five vines per plot,
and the yield was weighted. Then, the average bunch weight
was calculated by rating the two parameters.

As grape quality parameters, the hue of berry skin, total
soluble solids (TSS), sugar loading (SS), titratable acidity
(TA) and pH value were evaluated.

In each plot, 200 berries were randomly collected to
measure the hue of berry skin on the colour wheel (H°) in
the analysis laboratory. The berries were evaluated for colour
with a chroma meter CR-400 (Konica Minolta, Japan) using
the CIELAB colour system. For 'Sauvignon Blanc' berries,
the evolution of H® from 85 to 70 (i.e. the evolution of col-
our from green to yellow) is associated with an evolution
of berry aromatic sequence during ripening (i.e. 85-80 =
asparagus/citrus aromatic profile; 80-75 = asparagus/tropical
fruit/citrus aromatic profile; 75-70 = tropical fruit aromatic
profile) (DELOIRE 2013).

Then, the 200 berries were mechanically homogenised
at room temperature, and the juice, separated from the solid
fraction pomace, was used to determine TSS (°Brix) using
a digital refractometer (Quick-Brix 60 Mettler-Toledo Inc.).
Moreover, TA (g-L™! tartaric acid equivalent) was assessed
by titration with NaOH 0.1 N until pH 8.2 and pH value
by a pH-meter (HI2211 Hanna Instruments, USA). Sugar
loading (SS; mg per berry) was computed based on TSS and
average berry weight.

Data analysis: A general linear ANOVA model,
considering as sources of variation "year" (i.e. data collect-
ed both in 2013 and 2014), "treatment" (i.e. TT and MT),
'Sauvignon Blanc' "clone" (i.e. R3 and 297) and their inter-
actions, was used to compare grapevine vegetative status,
L. botrana infestation, infections by downy mildew and
bunch rots, and productive parameters. When the interaction
year X treatment or year x clone was significant, the two
years were analysed through ANOVA separately.

Results

Weather conditions: The vegetative season
2013 was characterised by three periods (Fig. 2). From early
May to mid-June (46 d), a rainy period occurred with 389
mm of'rain distributed in 27 d and average daily temperatures
almost always below 20 °C. From mid-June to mid-August
(61 d), a dry period occurred with only 63 mm of rain
distributed in seven days and average daily temperatures
almost constantly above 25 °C. Finally, from mid-August
to harvest (19 d), 67 mm of rain distributed in 8 d fell, and
temperatures remained between 20 and 25 °C.
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Fig. 2: Weather condition and main growth stages recorded over
the 2013 (A) and 2014 (B) vegetative seasons in the grape-growing
area where the study vineyard is located.

The vegetative season 2014 was characterised by two
different periods (Fig. 2). Up to the first decade of June
(41 d), rainfall was moderate (118 mm of rain distributed in
15 d), and average daily temperatures were almost always
below 20 °C. Then, from the first decade of June to harvest
time (86 d), rainfall was more abundant (448 mm of rain
distributed in 37 d), and the average daily temperatures were
almost always between 20 and 25 °C, with only 6 d below
20 °C and 7 d above 25 °C.

Grapevine vegetative status: Both the
vegetative parameters examined revealed significant dif-
ferences between years and treatments (Tab. 1). The NDVI
was significantly higher in 2013 than in 2014 (P < 0.001)
and in TT than in MT (P < 0.001). Accordingly, pruning
weight was significantly higher in the first year (P = 0.004)
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Table 1

Grape vegetative parameters recorded in 2013 and 2014 in the two treat-

ments and clones in comparison. NDVI was measured on 6 September

2013 and 16 August 2014, while pruning was weighted on 13 January
2014 and 18 March 2015

Pruning weight

Factor NDVI .o
(kg-vine)
Year (Y) 2013 0.703 £0.008  0.478 + 0.047
2014 0.635+0.009  0.299 +0.054
skskosk sk
Treatment (T)  Tillage (TT) 0.689+0.014  0.469 + 0.060
Mowing (MT) 0.650+0.013  0.308 +0.044
sk sk
Clone (C) R3 0.665+0.016 0.316 +0.045
297 0.673+0.015  0.460 + 0.067
ns *
Interactions YxT ns ns
Y xC ns ns
TxC ns ns

* Data were analysed through three-way general linear ANOVA model
(ns, not significant; *, P <0.05; **, P<0.01; ***, P<0.001), considering
as sources of variation 'year', 'treatment' and 'clone'.

than the second one and in TT (P = 0.007) than in MT.
Moreover, significantly higher values were found for clone
297 compared to clone R3 (P =0.012).

Grapevine health status: Larval infestation
of L. botrana, both during the second and third genera-
tions, was higher in 2013 than in 2014 (second generation:
P < 0.001; third generation: P = 0.007) (Tab. 2). For both
generations, the infestation level was influenced neither by
the treatment (second generation: P = 0.80; third generation:
P = 0.35) nor by the clone (second generation: P = 0.09;
third generation: P=0.65). The interaction year X clone was

significant (P = 0.05) because the infestation was higher
for clones 297 and R3 in the 2013 and 2014, respectively.
The percentage of berries infected by P. viticola was not
significantly influenced by the year (P =0.20), neither by the
treatment (P = 0.25) nor by the clone (P =0.53). However,
the fungus incidence was on average higher in 2014 (i.e. the
wettest year) than in 2013, in TT than in MT, and for clone
R3 than clone 297 (Tab. 2). The percentage of berries in-
fected by B. cinerea was influenced by the year (P <0.001),
the treatment (P = 0.002) and the clone (P <0.001) (Tab. 2).
In particular, the incidence was four times higher in 2014

Table 2

Bunch health parameters recorded in 2013 and 2014 in the two treatments and clones in comparison

Number of larval nests of
Lobesia botrana / 50 bunches

Percentage of berries infected by

Fact . illi
actor Second Third Downy Grey Black asp crgilli .rot
. . . Sour rots Aspergillus section
generation generation mildew mould Nigri
Year (Y) 2013 48.5+3.08 1433+£225 024+£0.09 143+5.6 3.1+0.8 0.36+0.13
2014 525+£090 61.50+8.08 0.59+0.25 57.8+13.0 69.5+18.9 0.00 +0.00
skokk ks ns kokk kokk kk
Treatment (T)  Tillage (TT) 2725+873 113.6+229 0.57+0.26 53.0+149 42.2+20.3 0.19+0.11
Mowing MT) 26.50+8.23 91.1+22.1 0.26+0.07 19.1£55 305+158 0.18+0.12
ns ns ns Hok * ns
Clone (C) R3 24.13+725 113.6£229 049+£025 23.1£99 12.4+3.7 0.03 +£0.02
297 29.63+9.44  91.1+221 0.33+£0.12 49.0+13.8 602+223 0.33+0.14
ns ns ns sk skeksk Kk
Interactions "
(Sign. F) YxT ns ns ns ns ns
YxC * ns ns ns ok ok
TxC ns ns ns ns ns ns

* Data were analysed through three-way general linear ANOVA model (ns, not significant; *, P < 0.05; **, P <0.01; *** P <0.001),
considering as sources of variation 'year', 'treatment' and 'clone’.
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than in 2013, three times higher in TT than in MT and twice
as high in clone 297 than clone R3. The interaction year x
treatment was significant (P < 0.001) as the differences be-
tween the treatments were wider in 2013 than in 2014. The
percentage of berries infected by sour rot was negligible in
2013 and high in 2014 (P < 0.001) (Tab. 2). The incidence
of this disease was almost three times higher in TT than
in MT (P = 0.042). Clone 297 was twice more susceptible
than clone R3 (P <0.001). The interaction year X clone was
significant (P < 0.001) as the differences between clones
were wider in 2014 than in 2013. The black aspergilli rot
was identified only in 2013 (Tab. 2). The treatment did not
influence the percentage of berries infected by the fungus
(P=0.93). As for sour rot, the incidence of this disease was
strongly influenced by the clone, being 10 times higher in
clone 297 than clone R3 (P = 0.023).

Grape yield and quality: The number of
bunches per vine was significantly higher in 2013 than
in 2014 (P < 0.001) and in clone 297 than in clone R3
(P <0.0001), while the treatment did not affect this param-
eter (P = 0.510) (Tab. 3). However, the interaction year x
treatment was significant (P = 0.022). Analysing the years
separately, in 2014, the number of bunches was significantly
higher in TT than in MT (P = 0.047), whereas in 2013, this
parameter was slightly higher in MT than in TT (P = 0.260).
The interaction year x clone was also significant (P =0.034),
as the number of bunches was significantly higher in clone
297 than in clone R3 in 2014 (P = 0.003) but not in 2013
(P=0.074).

The second yield parameter evaluated, the average
bunch weight, was significantly influenced by the year (P =
0.022), the treatment (P = 0.010) and the clone (P < 0.001).
In particular, this latter parameter was significantly higher
in 2013 than in 2014, in TT than in MT and for clone 297
compared to clone R3. The interaction year x clone was also
significant (P =0.013), as the difference between clones was

wider in 2013 than in 2014. All factors significantly affected
grapevine yield; thus, the yield was significantly higher in
2013 than in 2014 (P <0.001), in TT than in MT (P=0.024)
and for clone 297 in comparison with clone R3 (P <0.001).
This result was the consequence of the different number of
bunches and bunch weight. The average berry weight was
significantly influenced by both years (P < 0.001) and the
treatment (P = 0.004), being higher in 2014 than in 2013 and
in TT than in MT. However, berry weight was not different
between clones (P = 0.84) (Tab. 3).

With regard to the grape quality parameters, the hue
of berry skin was significantly higher in the TT than in MT
(P=0.037), i.e. closer to green in the former treatment and
yellow in the latter. Consequently, the aromatic profile was
closer to asparagus/citrus and asparagus/tropical fruit/citrus
in the former and latter treatment, respectively (Tab. 4). No
significant influence of the year (P = 0.17) and the clone
(P =10.81) was observed on the hue of the berry.

TSS were higher in 2013 than in 2014 (P < 0.001),
without reaching the significance level for the treatment
(P =0.06) and the clone (P = 0.12) (Tab. 4). However, the
interaction year x treatment was significant (P =0.014), as
TSS were significantly higher in MT than in TT in 2014
(P=0.048), but not in 2013 (P = 0.24). In contrast, SS was
higher in 2014 than in 2013 (P <0.001), while did not reach
the significance level for the treatment (P = 0.051) and the
clone (P =0.210).

TA was significantly higher in 2014 than in 2013
(P<0.001), in TT than in MT (P =0.001) and in clone 297
than clone R3 (P < 0.001) (Tab. 4). The interaction year %
treatment was significant (P =0.001), as TA was significantly
different between the two treatments in 2014 (P < 0.001),
while it was negligible in 2013 (P = 0.81). The pH was
significantly lower in 2014 than in 2013 (P <0.001) and in
clone R3 than clone 297 (P = 0.033). The treatment did not
affect the pH (P = 0.55) (Tab. 4).

Table 3

Grapevine yield parameters recorded in 2013 and 2014 in the two treatments and clones in comparison

Factor Number f’f Avergge bunch Yic?ld Aver.age berry
bunches/vine weight (g) (kg vine™) weight (g)
Year (Y) 2013 224+1.0 82.4+9.2 1.9+0.3 1.334 +£0.033
2014 15.7+£81.7 72.6 £3.9 1.2+02 1.725 £ 0.030
skeksk * sfekok skeksk
Treatment (T)  Tillage (TT) 19.4+1.7 83.3+6.0 1.7+0.3 1.588 £ 0.069
Mowing (MT) 18.7+£2.0 71.6£7.8 14+03 1.471 £0.086
ns % % k3k
Clone (C) R3 162+1.9 62.3+4.3 1.0£0.1 1.526 £ 0.088
297 219+ 1.1 92.7+4.7 2.1£0.2 1.533£0.073
sksksk kokok skokok ns
Interactions YxT * ns ns ns
YxC * * ns ns
TxC ns ns ns ns

* Data were analysed through three-way general linear ANOVA model (ns, not significant; *, P <0.05;
** P <0.01; ¥** P <0.001), considering as sources of variation 'year', ‘treatment' and 'clone’.
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Table 4
Grape quality parameters recorded in 2013 and 2014 in the two treatments and clones in comparison
Factor Total soluble ~ Sugar loading Titratable H Hue of berry
solid (°Brix) (mg-berry™) acidity (g-L") P skin (H°)

Year (Y) 2013 18.69 +0.08 292.8+7.4 8.75+0.38 3.21+£0.02 73.38 £2.11
2014 16.54 £ 0.28 382.3+6.6 15.76 £ 0.54 2.89£0.01 79.25 £ 1.66

skksk skksk seksk skeksk ns
Treatment (T) Tillage (TT) 17.39 £ 0.54 3479+ 16.7 12.77 £1.58 3.06 = 0.06 80.50 £2.12
Mowing (MT) 17.84 £ 0.33 327.13+19.0 11.74 £1.17 3.05£0.06 74.512+0.9

ns ns *k ns *
Clone (C) R3 17.79 £ 0.46 343.8 +8.6 11.32+1.36 3.03£0.06 77.00 £ 2.06
297 17.43 +£0.44 331.3+10.9 13.19 £ 1.36 3.08 £0.06 77.62+1.73

ns ns *kx * ns

Interactions YT * ns ok ns ns

Y xC ns ns ns ns ns

TxC ns ns ns ns ns

* Data were analysed through three-way general linear ANOVA model (ns, not significant; *, P < 0.05; **, P < 0.01; ***,
P <0.001), considering as sources of variation 'year', 'treatment' and 'clone'.

Discussion

Effect of inter-row management: The
main effects of the conversion of the inter-row management
from periodical soil tillage to periodical mowing of spon-
taneous cover crops were: (i) reduced grapevine vigour,
(i1) decreased grey mould and sour rot severity, (iii) lower
yield, (iv) higher TSS (only in the second year) and lower
TA, (v) improved berry colour and, as a consequence, berry
aromatic profile.

The reduction of grapevine vigour in the MT may
be due to the competition for water or nutrients between
grasses and grapevines, as already widely reported in the
literature (TAN and CRABTREE 1990, CARSOULLE 1995, RoDp-
RIGUEZ-LOVELLE et al. 2000, DAvVID et al. 2001, PARDINI et al.
2002, INGELS et al. 2005, WHEELER et al. 2005, TESIC et al.
2007, CELETTE et al. 2009, GUERRA and STEENWERTH 2012,
ABAD et al. 2021). Although increased pruning weight when
cover crops are adopted has not been ever observed, most
studies revealed a reduction in this parameter to a different
extent based on grapevine variety and climate.

The introduction in the vineyard of permanent cover
crops in 2013 replacing periodical tillage (continuously
adopted from 1980), without any supplementary fertilisers,
drastically reduced the available nitrogen. Therefore, lower
vegetative development occurred, even though up to mid-
June there was no shortage of water. It is well-known that
grasses are nitrogen scavengers, competing with vines to
absorb this mineral element from soil (VARGA et al. 2012).
This study assessed a close relationship between vine vig-
our and bunch rots; as a rule of the thumb, the higher the
rainfall at preharvest time, the more severe the infection of
bunch rots, as observed in the second year (2014). In TT, the
higher vigour of grapevines favoured the development of
bunch rots (i.e., grey mould and sour rot), as the wider leaf

area around the fruit zone led to prolonged wetting of the
bunches after the rain fallen before harvest time (R'Houma et
al. 1998, MUCKENSTURM and DECOIN 2000, VALDES-GOMEZ
et al. 2008). This effect was more evident in the second year.

The transition from tillage to mowing of the inter-rows
also resulted in a contraction of grape yield. The decreased
yield in MT was due to the lower average berry weight and,
in the second year of permanent cover crops, also to fewer
bunches. Most of the studies on cover-cropped vineyards
revealed lower yields than bare or tilled soils (e.g. WHEEL-
ER et al. 2005, PALLIOTTI et al. 2007, VARGA et al. 2012,
CONIBERTI et al. 2017). Only a few trials showed opposite
results (FOURIE ef al. 2007, STEENWERTH et al. 2013, ABAD
et al. 2021). The reduced berry weight can be associated
with the lower availability of water and nutrients, as already
discussed for plant vigour, and could be compensated with
irrigation and fertilisation practices (MORLAT and GEOFFRI-
ON 2000, GUERRA and STEENWERTH 2012). Moreover, bud
differentiation could have been negatively affected by the
poor availability of water and nutrients; thus, fewer cluster
primordia have been developed (ALLEWELDT and ILTER
1969). In this study, the number of bunches in 2014 was
lower, and this fact could be explained by reduced flower
differentiation in 2013. In the first part of the season 0of 2013,
until berry-set, low temperatures combined with heavy rains
likely interfered with the development of cluster primordia
(BUTTROSE 1969). Spontaneous cover crops are a more
profitable inter-row management strategy in wine areas
where (i) grapevines are not subject to water stress (TESIC
et al. 2007), (ii) grapevines are too vigorous (BESLIC et al.
2015) and (iii) water stagnation could compromise early
firm footing for cultural practices, especially the spraying
against downy mildew (GUERRA and STEENWERTH 2012).
When cover crops in the inter-rows were eliminated in the
summer months to avoid severe competition with the vines,
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the negative effect on plant vigour and yield could have been
mitigated (GUERRA and STEENWERTH 2012).

Quality viticulture does not promote high yield; thus,
cover crops are a suitable inter-row management strategy
improving grape quality (i.e. increase of total soluble solid
and polyphenolic compounds, decrease of titratable acidity
and pH, improving of aromatic profile) (CARSOULLE 1995,
MorLAT and GEOFFRION 2000, DAvID ef al. 2001, MORLAT
and JACQUET 2003, WHEELER et al. 2005, BESLIC et al.
2015, this study). Considering the productive parameters, it
is worth noting that, despite the reduction in average berry
weight observed in MT, TSS per berry was not significantly
different between the two treatments. However, TSS were
slightly higher in MT. Most of the studies carried out on
cover-cropped vineyards agree with the presented results,
and no effects on TSS were ascertained. Only a few studies
showed an increase in TSS, essentially due to the reduction
in yield and berry weight, as reviewed by ABAD et al. (2021).
In this study, permanent cover crops caused a decrease
in TA. Literature reports different effects of cover crops
on TA (CARSOULLE 1995, MORLAT and GEOFFRION 2000,
Davip et al. 2001, MoRLAT and JACQUET 2003, WHEELER
et al. 2005, BESLIC et al. 2015). Most of these studies did
not report significant modification, except for some cases
where a reduction was observed, e.g. for 'Sauvignon Blanc'
(CAsPARI et al. 1997). We can speculate that the decrease
of yield observed in our study, promoted an advanced
maturation of the grapes, with higher accumulation of TSS
and more intense degradation of malic acid that resulted in
lower titratable acidity.

DELOIRE (2013) demonstrated that the aromatic matura-
tion of 'Sauvignon Blanc' grapes could be easily monitored
by examining the hue of berry skin (H®); yellowish berry
colour (lower values of H) is associated with a higher con-
centration of thiols, while greenish colour (higher values of
H®) is correlated with higher pyrazines. In this study, MT
significantly decreased the hue of berry skin; this result could
be the consequence of higher sun exposure of the bunches
promoted by reducing both vigour and yield. As already
shown by RyoNa et al. (2008) and MOSETTI ef al. (2016),
there is a positive correlation between vegetal-like aroma
compounds and malic acid concentration. Thus, bunch sun
exposure has a direct effect on methoxypyrazines. The ten-
dency of a higher hue of berry skin in 2014 could be due to
the delay of ripening caused by the unfavourable weather
conditions, rainy and with relatively low temperatures right
before the harvest. Moreover, the reduced biosynthesis of
polyphenols triggered by UV-wavelengths, that are well-
known to contribute to the orange nuances of the berry skin
(HASELGROVE et al. 2000), may have resulted in higher hue.

In integrated pest management, permanent cover crops
in vineyards are preferable to tillage, as they contribute to
reduce diseases (i.e. downy mildew, powdery mildew and
bunch rots) and pests levels (CARSOULLE 1995, NICHOLLS
et al. 2000, CosTELLO and DAANE 2003, HANNA et al. 2003,
MorraT and JACQUET 2003, VALDES ef al. 2005, SERRA
et al. 2006, VALDES-GOMEZ et al. 2011, this study). Plant
protection can take advantage of cover-cropped inter-rows,
such as lower damage by diseases and pests, lower spray-

ing, and the possibility of postponing harvest due to lower
incidence of bunch rots. Moreover, the indirect damage by
L. botrana is lower (i.e. reduced susceptibility to the grey
mould of both bored berries and the contiguous ones; PAvaN
et al. 2014), allowing higher economic injury acceptance
levels. However, in this study, permanent cover crops did
not reduce L. botrana infestation, as previously observed in
SERRA et al. (2006). Furthermore, the third generation of the
moth was on average lower in MT than in TT, likely due to
lower grapevine vigour, and consequent greater exposure of
bunches to sunlight, in MT. In fact, the higher temperature
recorded on sun-exposed berries compared to shaded ones
negatively affected egg-hatching and mostly larval settle-
ment (KIAEIAN Moosavi ef al. 2018).

Effect of clone: The clone affects plant vigour
and yield and interferes with inter-row management. Com-
paring 297 and R3 clones, the former revealed a higher
vigour, and replacing tillage with the periodical mowing of
spontaneous cover crops determined a higher reduction of
vigour in the more vigorous clone (43 % vs 20 % for clones
297 and R3, respectively). In addition, the vines of clone 297
had bigger and more compact bunches, which caused higher
incidence of bunch rots. In a compacted bunch, the internal
berries suffer high humidity conditions; thus higher probabil-
ity of microcrackings can cause leakage of juice, favouring
the growth of moulds (MAROIS ef al. 1986). Moreover, dry
flower debris trapped inside the bunches could serve as a
nutrient supply synergistically enhancing the development
of moulds (HED et al. 2009). The tight distribution of the
berries in more compact bunches also reduces airflow, and
the consequent higher relative humidity may favour moulds
(STERNAD LEMUT et al. 2015).

Bunch number was larger in the case of the more vig-
orous clone 297 and accounted for a significantly higher
yield than clone R3. It is well-known among winegrowers
that clone R3 has less bud fertility, but no scientific con-
tributions report differences between 'Sauvignon Blanc'
clones. Information regarding some clones is reported in the
Italian "Registro Nazionale delle Varieta di Vite" (http://cat-
alogoviti.politicheagricole.it/catalogo.php), but the clones
compared herein are missing. However, the transition of the
inter-row management from tillage to mowing allowed clone
297 to maintain a good yield level (7.5 t-ha! instead of 9.0
t-ha'). Interestingly, the higher yield per plant of clone 297
compared to clone R3 was not associated with a reduction
of TSS, whereas higher TA and a lower pH were observed
compared to the clone R3. This delayed maturation for clone
297, masked by a similar accumulation of TSS but confirmed
by the higher value of the hue of berry skin. Thus, the grapes
of clone 297 could have the potential to be harvested later if
weather conditions are unfavourable to the development of
bunch rots. Therefore, the transition from tillage to mowing
as an alternative inter-row management strategy could be
advantageous for the more vigorous clone 297, as the yield
reduction is acceptable. Moreover, high-quality musts can
be produced, postponing harvest until the optimal ripeness,
as the risk of bunch rots is reduced. On the contrary, the
less productive clone R3 could not be favoured by tillage,
as increased vigour could further increase the competition
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between vegetative and reproductive development. Thus,
bud fertility and grape yield may be reduced without positive
effects on TA or aromatic profile.

Conclusions

Replacing vineyard inter-row tillage with permanent
cover crops reduced the vegetative growth and grapevine
yield and improved the health status of the bunches. The
differences observed were conditioned by both the mete-
orological conditions of the two investigated seasons and
the peculiar characteristics of the vineyard site. The scarce
water in 2013, combined with the high percentage of coarse
and loam texture of the soil, emphasised the effects of
inter-row management in that year. Also, berry qualitative
parameters were affected by cover-cropped inter-rows that
reduced titratable acidity and the hue of berry skin, with a
more yellowish colour of the berry skins and more advanced
maturation.

As regards the 'Sauvignon Blanc' clones, a higher yield
and higher sensitivity to bunch rots were shown for clone
297, characterised by more compacted bunches, which also
reported a significantly higher titratable acidity at harvest.
The effects of the inter-row management were similar for
both the clones, but the more productive clone 297, exhibited
more severe yield reduction and promoted improved grape
quality, mainly in the hue of berry skin.

The adoption of permanent green cover or soil tillage in
vineyards should be decided according to the environmental
conditions, the clonal characteristics and the oenological
purposes. Lastly, in the pedo-climatic conditions of Friuli
Venezia Giulia (north-eastern Italy), managing the vine-
yard inter-row with permanent green cover proved to be a
powerful tool to control the vigour, reduce grape yield and
improve the quality of the grapes at maturation.
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