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Abstract

Aims Themain objective of thefruit zoneleaf remova isthemicroclimate
improvement around fruitsin order to enhance grape ripening and fruit
hedth. Theaim of thiswork wasto investigate the consequences of manua
or mechanica leaf removal according to the phenologica stage (fruit set
or véraison) on praying efficiency, yield compasition, berry colour, must
and wine qudity, and grape hedlth.

Methodsand results: A three-year experiment (2001-2003) on the cv.
Barberawas carried out in northwest Italy. Wegther conditions during the
three experimental seasonswere very different. Leaf remova improved
the efficiency of the fungicide application, reducing fungal diseases, but
increased grape senitivity to sunburn due to greater sunlight exposre.
Some significant decrease on yield components was observed but not
because of the same treatment. In leaf-removed vines, berry qudity increased
inthe year least favourable for ripening (2002); in the warmer years, no
quality improvement in must and wine was observed.

Conclusion: Leaf remova effectsarenot gtrictly tied tointerventiontime;
themain effectswere dueto the vintage weether conditions: in unfavourable
ripening conditions, leaf removal can improve grape hedth and quality.
Dueto the higher level of bunch temperature induced by this technique,
inwarmer conditionsits usefulness needs to be accurately evaluated.
Although afaster process, mechanical leaf removal did not provide any
substantialy different results when compared to manua intervention.

Significanceand impact of sudy: The study showed potentia and limits
of leaf removal, suggesting that his application may vary, depending on
climate and weather conditions of vineyards and vintage.

Key words: phenological stages, spraying efficiency, Botrytiscinerea,
grape quality, wine sensory analysis

Résumé

Objectif : Lesobjectifs principaux de'effeuillage sont 'amélioration du
microclimat des fruits de maniere afavoriser un bon état sanitairedela
vendange et lamaturation des baies. L'objectif de cette étude a été de
comparer |es effets destechniques d effevillage (manuelle et mécanique)
et de I'époque dintervention (nouaison ou véraison) sur 'efficacité dela
pulvérisation de produits phytosanitaires, le rendement des ceps, lacouleur
deshaies, laquelité desmolts et desvins et |'état sanitaire des grappes.

Méthodes et résultats: L'expérimentation a été menée pendant trois
anssur le cépage Barberaen Itdiedu Nord Ouest, dansunerégion aclimat
tempéré (Piedmont). Une amélioration de I'efficacité des traitements
fongicides et de|'état sanitaire des baies a été observée sur les plantes
effeuillées. En revanche, le risque de brllure des baies a ét€ augmenté
du fait d'une surexposition des grappes alaradiation solaire. Quelques
variations des composantes du rendement ont été observées, mais pas
toujours suite au méme traitement. L 'effevillage apermis|’améioration
du millésime 2002, jugé peu quditatif en terme de maturation du raisin.
Par contre, pour lesmillésmes 2001 et 2003, jugésplusfavorables, onna
pas observé de changement qualitatif de ' éat delavendange.

Conclusion : L'effet del'effeuillage n'est pas strictement lié al'épogue
dintervention, mais plusieurs effets sont dus aLix conditions climatiques
de I'année. L'effevillage mécanique n'a pas entrainé de résultats
particulierement différents par rapport al'effevillage manud, sauf enterme
demain d' cauvre. Dans |es millésimes défavorables, I'effeuillage peut
améliorer I'état sanitaire et laqualité delavendange. Par contre, lorsde
saisons plus chaudes, cette technique peut étre inefficace a cause des
influences négatives.

Signification et impact del'éude: L'éude amontré les potentiaités et
leslimites del'effevillage manuel et mécanique. On suggere quele choix
soit fait chague année en fonction du climat delasaison.

Mots-clés: stades phénologiques, efficacité delapulvérisation, Botrytis
cinerea, quaitéduraisin, andyse sensorielle desvins
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INTRODUCTION

Thecv. Barberaisone of the most important varieties
grown in northwest Italy. Its ripening is favoured,
especidly inthelatter stages, by awarm and dry climate,
inasmuch asthisvariety hasahighly acidic must and
shows high vulnerability to Botrytis cinerea. Insuch a
situation, canopy managements that regulate the
microclimate of fruit zone may control the evolution of

ripening.

Fruit-zone leaf removal isone of the most common
summer practices aimed at an improvement of cluster
microdlimates, thusfavouring graperripening and reducing
fungal diseases (GUBLER et al., 1991; PERCIVAL et
al., 1994; STAFF et al., 1997). Many studies have been
carried out in order to assessthe effects of thistechnique
on plant development, grape ripening, grape hedth and
winequdity. Theresults depend on the phenologica Sage
and intensity of intervention, aswell ason the climatic
conditions of the season (HUNTER et al., 1991, 1995;
PRICE et al., 1995, PETRIE et al., 2003). Climatic
parameters, such astemperature, atmospheric humidity,
solar radiation, water availability (rain or irrigation), in
fact, have animportant impact on vegetative growth and
physiology, berry composition and bunch health.

In cool, non-arid areas, the shaded grape berries can
ripen in unfavourable microclimatic conditions, thus
presenting lower soluble solid content, higher acidity
vaue (CRIPPEN and MORRISON, 19865, REYNOLDS
et al., 1986; SMART et al., 1990), lower quantity of
anthocyaninsand of aromatic compound (MORRISON
and NOBLE, 1990; BUREAU et al., 2000). Moreover,
these grapes are more sendtive to fungal diseases, grey
mould in particular (Botrytiscinerea Pers,). Leaf remova
can improve cluster exposure and ventilation and the
efficiency of pedticides, resulting not only inacondderable
reduction in fungal diseases (ENGLISH et al., 1989;
PERCIVAL et al., 1994; STAPLETON and GRANT,
1992; ZOECKLEIN et al., 1992), but dsoin better grape
ripening and sensory propertiesof wines(KLIEWER and
LIDER, 1968; KLIEWER, 1970; HALE and
BUTTROSE, 1974; SMART et al., 1985; CRIPPEN and
MORRISON, 1986 a, b; ILAND, 1988, HUNTER et al.,
1991; ZOECKLEIN et al., 1992; DOKOOZLIAN and

KLIEWER, 1996, SERRANO et al., 2002; MAIN and
MORRIS, 2004; MURISIER and FERRETTI, 2004).
However, asthedirect sunlight exposure of the grape may
cause, gpecidly inthe hottest seasons, anincreasein berry
temperature (BERGQVIST et al., 2001; SPAYD et al.,
2002; DELOIRE and HUNTER, 2005) and possible
sunburn damages, the technique may not awaysimprove
qudity (KLIEWER, 1977; HASELGROVE et al., 2000;
VASCONCELOS and CASTAGNOLI, 2000,
BERGQVIST et al., 2001; SPAYD et al., 2002). In
addition, evenif single-leaf photosynthesismay increase
when the vine leaf areaisreduced (Hunter and Visser,
1988), it has been shown that thefruit-zoneleaf removal
can reduce the whole-vine photosynthesis and thus the
level of fruit maturity (PETRIE et al., 2003).

The above remarks, the necessity to reduce vineyard
management codts, aswell asalarger availahility of |esf-
removing machines, gave reason to study the influence
of fruit-zone leaf removal on harvest quality and quantity
(grape hedth, must and wine composition) of cv. Barbera.
We studied the leaf removal method (manual or
mechanicd) and the phenologicd sagefor theintervention
(berry set or véraison), evaluating the efficiency of
pesticide distribution aswell as cluster healthin leaf-
removed vines without specific fungicide gpplications

MATERIALSAND METHODS

The experiment was performed from 2001 to 2003
on \ftisviniferavinescv Barbera, R4/Kober5BB clone,
in Carpeneto (northwest Itdy). Average dimeatic conditions
in the area of the experiment (350 m above sealevel)
report 882 mm averagerainfal and a2134 Huglin Index.
Thevineyard, planted in 1987, on ahillside witha 20 °
slope with south-southeast exposure, and vine rows
oriented north-south. Vine spacing was 1.0 x 2.5 m,
training system was an epdier with Guyot pruning system
(8-10 buds per vine). Vineyard was managed according
to the best agronomical practicesfor the cultivar and the
region.

Climatic conditions during the three experimental
seasons differed significantly (table 1).

Table 1 - Growing degree-day (base 10 °C) (GDD) and rainfall at Car peneto (North-West Italy).

average
2001 2002 2003 1990-2003
annual  seasongl® annual  geagopgl® annual  seasonal®  seasonal®
GDD (°C) 1847 1799 1822 1752 2311 2262 1904
rainfall (mm) 746 396 1349 637 784 329 512

* from 1 April to 31 October.
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Table 2 - Treatmentsand abbreviationsemployed in tablesand text.
Early = leaf remova at berry peasize (75 BBCH-identification keys); late = leaf removal at véraison (83 BBCH-identification keys).

Treatments Abbreviations
No fungicide applications - no leaf removal untr. test
No fungicide applications - early mechanical leaf removal untr. EM
No fungicide applications - late mechanical leaf removal untr. LM
Fungicide applications against grey mould (table 3) without leaf removal test
Fungicide applications against grey mould - early mechanical leaf removal EM
Fungicide applications against grey mould - early manual leaf removal EH
Fungicide applications against grey mould - late mechanical leaf removal LM
Fungicide applications against grey mould - late manual leaf removal LH

Table 3 - Main technical parametersof leaf stripping machine and sprayer used in the experiment.

Leaf stripping machine

Sprayer

Type: helicoidal blades

Working: intake and cut

Blades positioning: in front of the tractor
Controls: hydraulic

Regulations: head inclination, working height
Working height: 0.4 m

Forward speed: 3.6 km/h

Type: airblast sprayer

Type of fan: axial (600 mm diameter)

Fan output: 14000 m*/h

Type and nozzles number ATR violet (3+3)
Working pressure: 0.7 MPa

Forward speed: 3.3 km/h

Volume rate: 200 L/ha

Each agronomical treatment (table 2) consisted of
three replicates of twenty-five contiguous vineswith a
completely randomized design.

1. Vineyard and grape evaluations

Manual leaf remova was carried out by eiminating
both leaves of primary and secondary shootsin thefruit
zone (at aheight of 70-80 cm). Mechanicd leaf removal
was carried out with ahdicoidal blade cutter legf-gtripping
machine, whose helicoidd rotor-cutting device performs
adouble function of cutting and in-taking of leaves.
Fungicides were applied using an airblast sprayer viaa
traditiond axia fan distribution system (table 3).

Spraying efficiency on clusters was assessed at fruit
set and at véraison by spraying amixture of water and a
10 % tracer (E102 Tartrazine). After the gpplication, two
groups of 10 clusters each were picked from each
trestment (10 clusters on the Side of sprayer passage and
10 on the other side). The settled mixture on the picked
clusters was assessed through a colorimetric method
(BALSARI and TAMAGNONE, 1994). Product
penetration was assessed by relating values of the
measured deposits on the two groups of picked clusters.
Product distribution evenness was assessed for each
treatment by calculating the coefficient of variability
(CV %) of the product quantity found on samples.

Two fungicide applications (500 L/haof fungicide
solution against Botrytis cinerea were applied with a
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knapsack gorayer. Thegpplicationswere doneat thebunch
closure stage (77 BBCH-identification keys) and at
véraison (87 BBCH-identification keys) (table 4).

Based on apublished procedure (CRAVERO et al.,
2002), mechanicd damagesto the dustersdueto the leaf
stripping machine (8-10 days after intervention), berry
burnslinked to sun exposure (3-4 weeks before harvest),
grey mould and sour rot (at harvest) were a so eval uated.

For plantstreated with fungicides only, thefollowing
messurmentswere donea harvest: yield per vine, number
of clusters per vine, cluster weight and berry weight. A
sampleof 200 berrieswasrandomly collected from each
trestment. Thirty berrieswererandomly chosen fromthis
sample, and further divided into three groups of 10 berries,
whichwere used astriplicates. Skinswere separated from
the pulp, extracted in pH 3.2 buffer (DI STEFANO and
CRAVERQ, 1991), homogenised and then analyzed for
anthocyanin and polyphenol concentration by
spectrophotometry. Remaining berrieswere pressed and
the juice was analysed for soluble solids content (SSC)
and titratable cidity.

2. Winemaking, chemical and sensory wine analysis

Grapes from the eight treatments were separately
vinified without replications; they were destemmed and
crushed, SOz wasadded (4 ¢/100 kg of grapes), and they
weretranderred for maceration and d cohalic fermentation
into 100-liter tanks. All musts were inoculated with
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Table 4 - Date of fungicide applications against grey mould, activeingredient and doses.

Date of fungicide applications active ingredient (g/ha)
July 2, 2001; September 6, 2002; September 1, 2003 cyprodinil+fludioxonil 3004200
September 4, 2001; July 2, 2002; June 25, 2003 pyrimethanil 1000

Table5 - Treatment influence on spraying efficiency.
Synthesisof results obtained after spraying at fruit set and at véraison.
For the same year and the same column, means within each column followed by the same letter are not Setiticaly different at p< 0.05.

fruit set véraison
product on . evenness product on . evenness
penetration penetration
the grape (%) (CV%) the grape (%) (CV)
(u/g) % (nl/g) Yo
2001 test 2.61a 35a 55 0.31b 90 b 32
mechanical 253 a 37 a 57 042a 95a 30
test 195a 42 a 60 0.56a 78 b 33
2002 mechanical 1.89a 47 a 54 0.58a 64 ¢ 28
manual 2.18a 37a 49 0.72 a 90 a 38
test 1.59a 32b 60 040a 61b 23
2003 mechanical 1.82a 52a 37 0.50 a 59b 20
manual 1.71a 38 ab 51 041 a 79 a 33

* = coefficient of variabmty

Saccharomyces cerevisae yeasts and with afermentation
activator later on. During the 12 maceration daysthe cap
was punched down twice aday and, at the end of this
period, thewineswere drawn off, only detaining free-run
wine. The malolactic fermentation (MLF) took placein
an air-conditioned room at 22-24 °C, after inoculation
with selected bacteria Leuconostoc oenos. At the end of
theMLF, SOz was added to the 8 wines (40 mg/L), which
were decanted twice during winter. The stabilization
processtook place only in acold room, so that wines
would be sufficiently limpid. At the end of the process,
wineswere bottled using crown caps.

In Juneand July following the harvest, thewineswere
subject to physical-chemical anadyses and to a sensory
andysis, carried out by apane of 15 wine experts.

Physical-chemica parameters (alcohol percentage,
dry matter, titratable acidity, volatile acidity, pH, freeand
total SO2 ash and ash dkdinity) were andysed according
to the official EU system (COMMISSION
REGULATION n° 2676/90). Fixed acidswere andyzed
by HPLC (CANE, 1990), tota flavonoids, freeand tota
anthocyanins, total phenolics (Folin index),
proanthocyanidines, and vanillin assay by
spectrophotometry (DI STEFANO et al., 1989). In
addition, colour intensity (E420 nm + E520 nm) and
colour hue (E420 nnVE520 nm) were measured.

Wine sensory analysiswas carried out using ranking
tests, scoring wines according to thefollowing parameters
red colour intensity and acceptability, odour intensity and
acceptability, taste balance and acceptability, and thewine
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total acceptability. Thethreewinesfrom Botrytiscinerea
non-trested vinesweretasted separately from the 5 from
fungicide-treated vines.

3. Statistical data processing

Results obtained from vineyards and grape
assessments were submitted to the ANOVA statistical
andysis system, applying the average discrimination
through either Tukey's test or Duncan's test. Where
necessary, percentage values were converted into the
corresponding angular values. The significance of the
differences between frequency distributions and
cytological observations were evaluated by the x2 test.
Since only one repetition was done, wine data were not
submitted to statistical analysis. Ranking test sensory
results were processed with the non-parametric Quade
test, combined with the multiple comparisons procedure
(CONOVER, 1980).

RESULTSAND DISCUSSION

1. Leaf-removal effects on the efficiency of pesticide
distribution

A sgnificant improvement of spraying efficiency was
observed for 3yearsin |eaf-removed vines (table 5). In
the second and third years, when distribution was gpplied
a fruit setting, leaf remova improved deposit uniformity
on clusters (lower coefficient of variability values). In
thefirst year, when the gpplication was applied a véraison,
asgnificant product deposit improvement was seen on
the clustersin lesf-removed vines (table 5). In 2002 and
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Table 6 - Effects of mechanical and manual leaf removal on yield components, at harvest.
Annual value and 2001-2003 mean value.
Meanswithin each column followed by the same letter are not Satisticaly different at p< 0.05.

yield/vine (kg) cluster number/vine
mean mean
2001 2002 2003 value 2001 2002 2003 value
test 333ab 490a 30la 375a 10.0 ab 162a 151a 138a
EM 431a 3.64b 205a 333a 128 a 148ab 1220 132a
EH 440a 406ab 196a 347 a 11.9 ab 13.6b 12.5 ab 126a
LM 3.18b 394ab 2.66a 326a 9.2b 139ab 14.0ab 124 a
LH 3.31ab 329b 255a 305a 11.3 ab 13.1b 13.2 ab 125a
cluster weight (g) berry weight (g)
mean mean
2001 2002 2003 value 2001 2002 2003 value
test 334 ab 302 a 200 a 279 a 3.00a 327a  252a 295a
EM 339 ab 246 a 168 a 251a 296ab 32la 2.19ab 2.77ab
EH 371a 298 a 157 a 275 a 301la 332a 1.91b 2.72 be
LM 344 ab 283 a 190 a 272 a 282ab 337a 22lab 2.88ab
LH 296 b 249 a 193 a 246 a 274 b 2.87b 1.96b 2.57c

2003, in terms of deposit on clusters, no difference was
observed according to mechanicd or manud lesf remova,
whereas manual leaf remova improved product
penetrationin the canopy. Themanual process, however,
required 10 times longer in comparison with the
mechanical intervention (BIAS et al., 1993).

2. Leaf-removal effect on yield

The decrease in yield and in the cluster number
observed in some casesin Barbera (table 6) was probably
caused by some smd| dameage caused by theleaf-stripping
machineor by anincreasein undeveloped budsand/or by
adecreasein shoot fertility in the year after leaf removal
(HOWELL et al., 1994; KOBLET et al., 1994). Berry-
weight differences were also observed, mostly related,
however, to the season, in agreement with results obtained
by other authors (HUNTER et al., 1991). In 2002, the
high mean berry-weight was partially due, on the one
hand, to alower number of berries (baancing effect), and
on the other to the rainy summer, which increased berry
Sizebecause of greater water absorption. Plant water Satus
was not measured, but it seem reasonableto think that, in
the particularly hot and dry vegetative season of 2003,
low berry weight could have been caused either by the
reduced enlargement of pericarp cellsdueto thereduced
spring weter availability (OJEDA et al., 2001) (teble 1),
or to the berry dehydration during the final phase of

ripening.
In 2001, clugter and berry weightswere significantly
lower than thetest only in the late manual leaf-removed

vines(LH) (table6). Inthefollowing two years, only berry
weight was significantly different from test: inthe LH
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vines, in 2002, and in early manual leaf-removed vines
(EH) and LH vines, in 2003. Two elements may have
influenced the mentioned result: the leaf areareduction
(KOBLET et al., 1994) and the increased cluster
temperature dueto greater sunlight exposure, resulting
inincreased berry transpiration and dehydration (HALE
and BUTTROSE, 1974; CRIPPEN and MORRISON,
1986 b; BERGQVIST et al., 2001; DELOIRE and
HUNTER, 2005). In 2003, when the warmest westher
was registered, in fact, the gap was higher, whereasin
2001 and 2002 it was lower. In accord with these
observations, previous studies showed that sun-exposed
clusterscould have an inferior berry massin comparison
to shaded dlusters (HASELGROVE et al., 2000; SPAYD
etal., 2002).

3. Leaf-removal effects on must and berry skin
composition

In 2001, asignificant soluble solids content increase
wasobsarved only for LH vines; in 2002 it increased only
inthemanua leaf-removed plants (table 7); no sgnificant
differences were observed in 2003. The highest soluble
solids amount was assessed during the warmest years,
but for different reasons: in 2001, the climatic conditions
favoured abetter ripening, whereasin 2003 the higher
soluble solid levels were better attributed to their
concentration dueto berry dehydration, which occurred
during ripening. In 2001, leaf remova induced anincreese
in titratable acidity; in 2002, it caused adecreaseinit,
in accordancewith animproved microclimatein thefruit
zone. In 2003, the acidity showed a relevant and
widespread decreasein all trestmentsdueto thehigh air
temperature registered during ripening thet, by increasing
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Table 7 - Soluble solid content and titratable acidity of must at harvest
asinfluenced by leaf removal treatments.
Means within each column followed by the same letter are not Satisticaly different at p< 0.05.

soluble solid content (%) titratable z,wldl,ty

(g/L tartaric acid)
2001 2002 2003 2001 2002 2003
test 22.8b 20.6 ¢ 269a 9.5b 13.7a 527a
EM 23.2b 212bc 274a 11.6a 12.4 ab 533a
EH 233ab 23.6a 26.5a 10.6a 11.0b 585a
LM 23.1b 202¢ 26.8a 11.1a 140a 593a
LH 243 a 220D 26.8a 10.7 a 1140 4.65a

Table 8 - Effect of leaf removal treatmentsand seasons on polyphenal (g/kg f.w.) and anthocyanin
(g/kg of f.w. and mg/berry) amount at harvest. Data arethemean for thethreereplicates.

Means within each column followed by the same letter are not satisticaly different at p< 0.05.

total polyphenols total anthocyanins

total anthocyanins

(g/kg) (g/kg) (mg/berry)

2001 2002 2003  mean* 2001 2002 2003  mean* 2001 2002 2003  mean*
test 154a 186d 3.05a 215b 093a 077b 124a 098b 279ab 253b 3.09ab 2.80b
EM 167a 206ab 3.7la 266a 090a 104b 13la 1.08b 268ab 331b 287b 295ab
EH 1.60a 283a 3.66a 270a 099a 156a 135a 130a 298a 447a 258c 334a
LM 149a 210cd 3.54a 237bc  093a 099b 148a 1.13b 262ab 333b 327a 3.07ab
LH 155a 229bc 3.66a 250ab 09la 089b 145a 1.08a 248b 294b 283bc 2.75b

* Combined data over three seasons

berry temperature (BERGQVIST et al., 2001), probably
also increased malic acid degradation (LAKSO and
KLIEWER, 1978).

The average amount of polyphenolsin berry skin
(expressed as g/kg of fresh weight - f.w.) varied from
1.6 g/kgin 2001 to 2.3 g/kg in 2002, to 3.5 g/kg of f.w.
in 2003 (table 8). Theamount was higher in thewarmest
and driest year (2003), very low inthewarm but lessdry
year (2001), whereasin 2002, with wet and cool wezather,
it reached intermediate absolute values. As aready
observed for the soluble solid content, the polyphenol
concentrationimproved, compared to thetest vines, only
in 2002 in the early leaf removal vinesandin the LH
vines. Similar observations may be made as those
concerning total anthocyanins (table 8). Many differences
were assessed over the years: in 2001 an average of
0.93g/kgof fw,, 1.05g/kgin2002 and 1.37 g/kg in 2003.
In 2002, leaf-removal caused ageneral increasein the
concentration of anthocyanins, athough significant
differences were only obtained with EH vines. No
difference was observed in 2001 and 2003 anthocyanin
concentrations, expressed as g/kg f.w. Considering the
results expressed as mg/berry (table 8) however, a
tendency of decreasing concentration dueto leaf removal
may be noted in 2001 and 2003. Thisispossibletanksto
smdl berry Szesat harvest, caused by water deficiency
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during ripening (OJEDA et al., 2002), and the warmer
microclimate in the leaf-removed fruit zone which
partialy compromised anthocyanin synthesis
(KLIEWER, 1970; BERGQVIST et al., 2001).

Onthe contrary, in 2002, higher concentration values
werereached by dl thetreated vines (asmg/berry), both
in comparison with the test vines and with the other
experimenta years. These observations confirmed that
the modificationsof microclimatic conditionsdueto leaf
remova might promote anthocyanin synthesisin rainy
yearsmore than in warm and dry years.

4. Leaf-removal effects on grape health

No important damage to the grape linked to the
mechanical processwas observed. In 2001, with strong
epidemic pressure due to Botrytis cinerea, leaf remova
had a positive influence in curbing overall damage,
without resort to specific fungicide treatments (table 9),
in accordance with previousworks (GUBLER et al .,
1994; PERCIVAL et al., 1994; STAFF et al., 1997). In
2002, from theend of July, cluster impairment related to
sour rot waswiddy manifested; theleaf remova process,
aswell as the specific fungicide applications against
Botrytis cinerea, did not reduce spread of the disease.
Theagppraisa of cluster sunburn damage proved difficult
because of an unclear symptomatology (necrosis and
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Table9 - Egtimation of the disease diffusion in the different years (untr. = no fungicide applications

against grey mould). Values correspond of diseasediffusion (%) on cluster.
Meanswithin columnsfollowed by different letters differ significantly at p < 0.05 by Tukey'stest.

2001* 2002 2003**
grey

grey mould sunburn mould sour rot  sunburn sunburn
untr. test 349a 05d 43a 70a 0.1d 132 a
untr. EM 19.3 ab 1.9 bed 0.7 ab 27a 02d 64a
untr. LM 11.7b 8.1a 2.5ab 73a 2.8 ab 10.1a
test 0.6¢ 05d 0.5ab 35a 0.1d 53a
EM 0.6¢ 1.9 bed 0.1b 25a 0.5¢cd 102 a
EH 03¢ 1.5 bed 0.8 ab 27a 0.5cd 120a
LM 03¢ 6.0 ab 2.0ab 70a 2.4 ab 159a
LH 02c¢ 3.3 abed 1.2 ab 37a 0.7 bed 85a

* In 2001 no sour rot was observed
**In 2003 no grey mould and sour rot were observed

Table 10 - Phenalic parameter s of the wines obtained by microvinification
(untr. = nofungicide applicationsagainst grey mould).

total phenols proanthocyanidins (mg/L) anthocyanins
(mg/L) (mg/L) (mg/L)

2001 2002 2003 2001 2002 2003 2001 2002 2003
untr. test 1872 768 1673 866 300 1427 327 128 397
untr. EM 1257 957 1748 477 633 1474 159 169 318
untr. LM 1243 952 1671 522 502 1349 204 141 377
test 1526 775 1478 802 367 1241 352 129 341
EM 1667 851 1816 889 488 1611 285 150 332
EH 1179 1093 2083 401 803 1904 201 262 444
LM 1447 919 1817 866 431 1534 327 175 456
LH 1764 1233 1728 954 828 1470 355 265 387

withering), thus determining highly variable dataand less
significant differences. Except for 2003, whose
extraordinary dimeatic conditions aso determined sunburn
phenomenaon test vines, early intervention showed a
positive effect against sunburn, compared to | ate | eaf
removal (table9).

5. Leaf-removal effects on wine composition and
sensory characteristics

Leaf removal, whether combined with specific
applications against Botrytis cinerea or not, did not, in
our experience, determine physical-chemical variations
inwines (datanot showed). Mgor influencewas observed
on the wine phenol content (table 10). In 2001, |eaf
remova that was not combined with specific anti-Botrytis
applicationsbrought about lower vauesinthedl andyzed
phenolic parameters, whereas when combined with
fungicide applications, it caused anegative variationin
EH vinesonly. In 2002, aclear improvement of thewines
phenol composition was observed, regardless of the
fungicide application, in accordance with the must
observations (table 8). The absolute value of each
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parameter was, however, much lower than in the other
years, probably because the 2002 was colder and wetter
than the other experimental seasons (table 1). In 2003,
total phenolsincreased in sprayed and leaf-removed vines
when compared with the treated test; anthocyanins
decreasad in untreated lesf-removed vineswhen compared
with untrested test vines (table 10); in this season the
higher anthocyanin amount is attributable to the solute
concentration caused by berry dehydration (table 6).

In 2001, no positive effects on colour intensity was
observed, whereasin 2002 only thewinefromvineswitch
leaves were removed manualy attained ahigher value
then thetest; in 2003, every winefrom leaf-removed vines
weremoreintensaly coloured than thetest (table 11). In
2002, hue values were highest, though values did not
increase following leaf removad. In the other two years,
there were increases only after early leaf removal
(table 11).

In 2002, the leaf remova improved taste
characteristics of the wines, which were the most
appreciated by thetasting pand (figure 1). Thebest wines
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Table 11 - Wine colour intensity (E420 nm + E520 nm) and hue (E420 nm/E520 nm)
of thewinesobtained by microvinification (untr. = no fungicide applications against grey mould).

2001* 2002 2003%**
grey

mould sunburn grey mould  sour rot sunburn sunburn
untr. test 349a 05d 43 a 70a 0.1d 132a
untr. EM 19.3 ab 1.9 bed 0.7 ab 27a 02d 64a
untr. LM 11.7b 81la 2.5ab 73 a 2.8 ab 10.1a
test 0.6c 05d 0.5 ab 35a 0.1d 53a
EM 0.6c¢c 1.9 bed 0.1b 25a 0.5cd 102 a
EH 03¢ 1.5 bed 0.8 ab 27a 0.5cd 120a
LM 03¢ 6.0 ab 2.0ab 7.0a 2.4 ab 159a
LH 02c 3.3 abcd 1.2 ab 37a 0.7 bed 85a

* In 2001 no sour rot was observed

**In 2003 no grey mould and sour rot were observed
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Figurel- Ranking test on 2002 wines: the higher isrank sum and the higher areintensity and acceptability
of considered parameter. Different lettersindicate significant differencesat p< 0.05 by Quade'stest.
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in terms of sensory characteristic and acceptability
(especialy asfor the colour) were the ones obtained by
hand-trested (EH and LH) vines. In 2003, the differences
were not so relevant. Interms of total acceptability, the
most appreciated wines, however, camefrom LH vines,
confirming the results of the previousyear (figure 2).

CONCLUSION

Leaf remova in thefruit zone modifiesthe Barbera
cluster microclimate in away that may be considered
an important wegpon againgt Botrytis cinerea, whichis
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especidly suitablefor vineyardswith thick cluster foliage.
Leaf removal also improved product penetration in the
canopy, and fungicide efficiency, with a subsequent
reduction in pesticide dosage. Thisresult is particularly
interesting for organic viticulture, aswdl asfor integrated
pest management programs. In this case, a practical
advantageis represented by the integration of early leaf
removal and fungicide application at véraison. L eaf
remova had, however, no impact on sour rot, a severe
disease againgt which no effective protection product is
currently available.



Leaf removal and cv. Barberafruit quality

Over the three-year period, interms of quantity, no
decreasein crop level, cluster number or weight was
observed with thistechnique, whereas some berry weight
decreases were observed, due to manual leaf removal.
Thephenologica intervention stage did not clearly affect
quditative and quantitative parameters, depending onthe
experimenta season. Only inthe coolest and rainiest year
(2002), the least suitable westher for Barberaripening,
wasthereanimprovement in the pulp soluble solid contert,
skin anthocyanin and polyphenol, aswell asin quality
parameters of the winesfollowing leaf removal, which
wereregistered regardless of treatment moddity (manud
or mechanical). Mechanical |leaf removal did not show
any substantial differences when compared with the
manual process, except in thetimeit takesto complete
the operation, which is substantially shorter. In two
experimental seasons out of three, the favoured wines
tasted camefrom grapesfrom vineswith leavesremoved
at véraison.

Aninconvenient linked to leaf remova is, however,
represented by the cluster direct exposure to sunlight,
which increases cluster temperature, frequently causing
berry withering or sunburn, and modifying the
accumulation of some berry quality components. In
microclimatic conditionsunfavourablefor ripening, or in
thelessfavourably exposed vineyards, leaf removal may
improve grape health and quality with little occurrence
of the mentioned inconvenience. In warmer areas and
years, or in south- or southwest-exposed vineyards, the
real usefulness of this process needs to be accurately
evaluated. Removal of leaves on theless exposed Sdes
of vinesin order to avoid excessvedirect sunlight exposure
to clusters may be considered. From this point of view,
randomized leaf-remova performed by the mechanical
process may prove to be of greater advantage than a
manua intervention thet removes|eavesaround clusters.
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