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Summary

Leaf removal is a viticultural practice applied 
to improve cluster microclimate and grape composi-
tion. This practice can reduce the incidence of bunch 
rot but could also promote the degradation of berry 
methoxypyrazines, key components for the aromat-
ic profile of 'Sauvignon blanc' wines. The influence of 
cluster-zone leaf removal, applied after berry set, was 
evaluated on 'Sauvignon blanc' grapevines grown in 
the Isonzo DOC region (Italy). In 2010 and 2011, yield 
components and fruit chemical composition were re-
corded from vines in which the five basal leaves of each 
single shoot were manually removed at the groat-sized 
phenological stage, and compared to untreated vines. 
Our results indicated that leaf removal did not influence 
yield or fruit composition at harvest, but significantly 
decreased the incidence and severity of Botrytis bunch 
rot, while reducing the severity of sunburn damage to 
the fruit. Increased sunlight cluster exposure decreased 
2-methoxy-3-isobutylpyrazine (IBMP) and 3-isopro-
pyl-2-methoxypyrazine (IPMP) concentrations in early 
stages of berry development, whereas at harvest no sig-
nificant differences between treatments (defoliated and 
non-defoliated) were observed. We conclude that leaf 
removal performed after berry set is a pivotal viticul-
tural management practice to cope with harvest bunch 
rot complex without negatively affecting fruit composi-
tion at harvest.

K e y  w o r d s :  aroma compounds; Botrytis cinerea; clus-
ter exposure; defoliation; sunburn; vineyard; Vitis vinifera L.; 
winegrape.

Introduction

Basal leaf removal is a viticultural technique for 
grapevine canopy management used worldwide to im-
prove cluster microclimate. It increases fruit exposure to 
sunlight and improves air penetration in the cluster zone of 

the canopy (Wolf et al. 1986, Austin and Wilcox 2011). 
Improved fruit exposure to sunlight benefits color and the 
concentration of skin anthocyanins in red grape cultivars, 
particularly in cooler viticultural regions where excessive 
berry temperature is not an issue (Jackson and Lombard 
1993, Haselgrove et al. 2000, Poni et al. 2006, King et al. 
2012, Sternad Lemut et al. 2013, Lee and Skinkis 2013). 
Moreover, this technique can result in a reduction of bunch 
rot incidence e.g., Botrytis cinerea and sour rot (Zoecklein 
et al. 1992, Percival et al. 1994, Molitor et al. 2011) and 
in an improved berry composition at harvest (Jackson and 
Lombard 1993). Sunlight-exposed clusters by leaf removal 
are generally higher in sugars, anthocyanins, and pheno-
lics and lower in titratable acidity and malate concentration 
when compared to shaded fruit (Poni et al. 2006, Diago 
et al. 2012). However, the effects of leaf removal on fruit 
composition at harvest can change dramatically, according-
ly with the climate (Wolf et al. 1986, Percival et al. 1994, 
Haselgrove et al. 2000, Poni et al. 2006, Scheiner et al. 
2010, Austin and Wilcox 2011, King et al. 2012, Sternad 
Lemut et al. 2013, Lee and Skinkis 2013, Feng et al. 2015). 
In fact, climatic conditions, such as temperature, atmos-
pheric humidity, solar radiation, water availability (rain 
or irrigation) have an important impact on vine vegetative 
growth and physiology, berry chemical composition, and 
bunch sanitary status (Guidoni et al. 2008). In warm cli-
mates, leaf removal can also negatively affect fruit compo-
sition; overexposed clusters subjected to a combination of 
high light intensity and high temperature can result in berry 
sunburn and, in red cultivars, reduce berry anthocyanin ac-
cumulation (Price et al. 1995, Bergqvist et al. 2001, Spayd 
et al. 2002, Greer et al. 2006, Chorti et al. 2010).

The impact of leaf removal on yield varies depend-
ing on timing and severity of the canopy manipulation 
(Bledsoe et al. 1988). Several studies showed that re-
moving leaves between fruit set and veraison or post-ve-
raison stages, yield is not significantly affected (Kliewer 
and Antcliff 1970, Zoecklein et al. 1992, Jackson and 
Lombard 1993, Bavaresco et al. 2008, Lee and Skinkis 
2013, Feng et al. 2015). On the contrary, pre-flowering 
leaf removal reduces yield by reducing fruit set (Poni et al. 
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2006, Intrieri et  al. 2008, Sabbatini and Howell 2010), 
an effect associated with carbohydrate deficiency in the 
flowers at anthesis (Caspari et al. 1998, Petrie et al. 2003, 
Vasconcelos et al. 2009).

Light exposure and climate seem to have the largest 
effect on both production and degradation of methoxypyra-
zines (MPs) in grapes (Sidhu et al. 2014). Exposing the 
cluster to sunlight can result in a reduced methoxypyrazine 
concentration in the berries (Noble et al. 1995, Scheiner 
et al. 2010). The most important MPs found in grapes 
and wines are 3-isobutyl-2-methoxypyrazine (IBMP) and 
3-isopropyl-2-methoxypyrazine (IPMP). IBMP contrib-
utes to the green pepper and asparagus aromas, whereas 
IPMP imparts earthier aromas (Buttery et al. 1969, Allen 
et al. 1991). IBMP and IPMP are present in several wines 
made from different Vitis vinifera L. varieties, especially in 
Cabernet Sauvignon and 'Sauvignon blanc' (Maga 1992, 
Koch et al. 2010). It has been observed that methoxypyra-
zine biosynthesis occurs during the early stages of fruit de-
velopment (i.e. from fruit-set to veraison) and this period 
might be critical for determining final MP concentration at 
harvest (Hashizume and Samuta 1999, Sidhu et al. 2014). 
Exposing clusters at pre-veraison reduces the accumula-
tion of IBMP in the berry at pre-veraison stages (Marais 
et al. 1999, Ryona et al. 2008, Koch et al. 2012, Šuklje 
et al. 2012). Differences in IBMP concentration between 
exposed and shaded clusters established before veraison 
persisted until harvest (Koch et al. 2012). This is of par-
ticular importance in those regions where excessive IBMP 
concentrations can lead to unpleasant vegetative aromas 
(Marais and Swart 1999, Falcao et al. 2007). However, in 
the case of 'Sauvignon blanc' green-herbaceous aromas can 
be appreciated by consumers; for this variety, a reduction of 
methoxypyrazines concentration due to leaf removal might 
cause a decrease in desirable fruit and wine aroma traits. 
Growing grapes in the north-eastern region of Italy Friuli 
Venezia Giulia (FVG), is challenged by a relatively high 
amount of rainfall (1990-2014 average: 1500 ± 294 mm/
year) in spring and in early summer. Significant rainfall 
events often occur later during the summer in July, August 
and September from 1990 to 2014 with 119 ± 52, 131 ± 77, 
172 ± 85 mm, respectively. In grape varieties character-
ized by a compact cluster, such as 'Sauvignon blanc', 
these weather conditions lead to a high disease pressure 
for bunch rot near the harvest period and the incidence of 
bunch rot often determines the harvest date independently 
of the level of technological maturity of the fruit. In this 
study, we evaluate the effect of leaf removal, applied after 
berry set, on the composition of 'Sauvignon blanc' grapes, 
with the hypothesis that this technique might reduce bunch 
rot incidence but also reduce the methoxypyrazine concen-
tration and increase sunburn damages.

Material and Methods

V i n e y a r d  d e s c r i p t i o n  a n d  v i n e  m a n -
a g e m e n t :  The field experiment was carried out in 
2010 and 2011 season, in a commercial 'Sauvignon 
blanc' vineyard in Romans d’Isonzo (Italy) (45°89’72’N, 

13°45’16’W) within the "DOC Isonzo" premium denom-
ination area. Grapevines were planted in 1991 and graft-
ed onto 'Kober 5BB' rootstock. Rows were oriented north 
to south with an in-row spacing of 1 m x 2.7 m between 
rows for a density of 3700 vines·ha-1. Vines were cane-
pruned during the winter as a single cane Guyot system 
with 8-10 buds per cane. Soil type was closely related with 
the Isonzo river depositions of coarse carbonate material 
and classified as RhodiCambisolEndoskeletic in the World 
Reference Base for Soil Resources (WRB) (IUSS Working 
Group, 2006) with 26 % clay, 45 % silt, 29 % sand and 
28  % gravel. Root depth was confined among the first 
70 cm by the prevalent presence of gravel in the subsoil. 
Soil fertilization management included the use of ammoni-
um sulphate, applied pre-anthesis and post-harvest at rates 
of 40 N kg·ha-1 and 15 N kg·ha-1, respectively. Disease and 
pest control followed a schedule of 13 spray applications 
during the growing season. Vineyard floor in the vine row 
consisted of a native mix of weeds. Weeds under the vines 
were controlled with a broad-spectrum systemic herbicide 
(glyphosate) applied in the spring. Vine hedging was per-
formed two times during each growing season to regulate 
canopy height and performed when shoot growth exceeded 
the top wire of about 30 cm. The weather data were ob-
tained from the Gradisca d'Isonzo weather station (ARPA-
OSMER) located 0.6 km from the experimental site. 
Grapevine phenology was recorded following the BBCH 
scale (Lorenz et al. 1995).

E x p e r i m e n t a l  d e s i g n :  Two treatments were 
imposed at 25 days after anthesis (DAA), when the berries 
had reached 3-5 mm diameter corresponding to BBCH-
EL stage 73 (groat-sized berries): 1) Leaf removal (LR) 
in which the five basal leaves of the shoot were manually 
removed, and 2) Control (C), untreated vines. Each treat-
ment was replicated four times in 10-vines plots that were 
randomized within the vineyard.

B e r r y  s a m p l i n g  a n d  b e r r y  j u i c e  a n a l -
y s i s :  Berry samples were collected every 12-14 days 
from approximately 50 DAA until harvest. At each sam-
pling date, two sets of berry samples were collected from 
each plot. A set of 30 berries was harvested and stored in 
an insulated cooler and then transported to the laboratory 
within 1 h to measure juice total soluble solids (TSS), pH, 
and titratable acidity (TA). Another set of 30 berries was 
harvested by carefully cutting the berries at the pedicel 
level, snap frozen with liquid nitrogen and brought to the 
laboratory where it was stored at -80 °C until analyzed for 
IBMP and IPMP concentration. Berries for juice measure-
ments were weighed and manually pressed at room tem-
perature and the juice was used to determine TSS using 
a manual refractometer (ATC-1, Atago, Japan); the pH by 
a pH-meter (HI2211 Hanna Instruments, USA); and TA 
by titration with NaOH 0.1N until pH = 8.2 (Iland et al. 
2004). Malic and tartaric acid concentration (g·L-1) was 
also measured using an enzymatic assay kit (Megazyme, 
Ireland) following producer instructions. 

At harvest, the yield and the number of clusters per 
vine were measured and cluster weight was calculat-
ed dividing the yield by the number of clusters per vine. 
Incidence and severity of Botrytis and sour rot damages 
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were also assessed on 100 randomly selected clusters per 
plot. Incidence was determined by the presence or the ab-
sence of damages on each single cluster, while severity 
was visually rated in individual clusters on a continuous 
0 to 100 % scale, based on the proportion of cluster tissue 
damaged as indicated by EPPO guideline PP1/17 (Molitor 
et al. 2011). Similar procedure was applied for assessing 
the incidence and severity of sunburn damages on the same 
clusters (Hulands et al. 2014).

M e t h o x y p y r a z i n e s  a n a l y s i s :  The con-
centration in the berry of 3-isobutyl-2-methoxypyrazine 
(IBMP) and 3-isopropyl-2-methoxypyrazine (IPMP) was 
analyzed during ripening. Frozen berries were thawed and 
homogenized at room temperature using an Ultra-Turrax 
(T25, Ika, Staufen, Germany) and centrifuged at 15,000 
rpm for 5 minutes. Subsequently, 8 mL of the supernatant 
were transferred to a 10 mL volumetric flask and 50 μL of 
5 μg·L-1 deuterated 3-isobutyl-2-methoxypyrazine ([2H3]-
IBMP) standard (Sigma-Aldrich, St. Louis, MO, USA) 
was added to reach the final concentration of 25 ng·L-1 of 
[2H3]-IBMP as internal standard. Then the flask was made 
up to the volume with additional supernatant. IBMP and 
IPMP were extracted via solid phase micro-extraction and 
analyzed by gas chromatography with mass spectrometric 
detection (SPME-GC-MS) (Agilent Technologies 7890A, 
Shanghai, China). The SPME-GC-MS was equipped 
with a Gerstel MPS2 multipurpose sampler (Gerstel, 
Mülheim an der Ruhr, Germany) and two successively 
connected columns, an HP 1 MS (Agilent Technologies, 
30 m, 0.32  mm i.d., 0.25 μm film thickness) and an HP 
INNOWAX (Agilent Technologies, 30 m, 0.32 mm i.d., 
0.25 μm film thickness), with a constant flow of helium 
at 1.5 mL·min-1. Procedure of analysis was performed as 
described in Šuklje et al. (2012). For qualitative determi-
nation, retention time and mass spectrum in selective ion 
monitoring mode (SIM) were used. The mass channel was 
m/z 124  and 151 for IBMP, m/z 137 and 152 for IPMP, 
and m/z 127 and 154 for [2H3]-IBMP. Ions 137, 124, and 
127 were the target ions used for quantification, whereas 
152, 151, and 154 were used as qualifier ions. Calibration 
was performed with calibration standards in sugar solu-
tion (Šuklje et al. 2012). Linearity was verified by using 
spiked samples of dearomatized must (Šuklje et al. 2012). 
Concentrations of methoxypyrazines were expressed as 
ng/L of grape juice.

S t a t i s t i c a l  a n a l y s i s :  Two-way analysis of 
variance was performed to examine defoliation treatment 
and season effects on yield components and grape compo-
sition using JMP 7.0 (SAS Institute Inc.). When season x 
treatment interaction was significant, then data were ana-
lyzed separately by year. Results of the seasonal evolution 
of methoxypyrazines are shown as means ± standard error. 
Mean separation was performed using the Tukey HSD test.

Results

E n v i r o n m e n t a l  c o n d i t i o n :  Contrasting cli-
mate conditions between the two seasons of experimen-
tation were observed. In 2010, mean temperatures during 

the summer were very similar to the most recent historic 
10‑year mean temperatures in the same period (Fig. 1). On 
the contrary, in 2011, mean monthly temperatures during 
the summer were higher, with a peak at 25.1 °C in August. 
In 2011, seven consecutive days with maximum air tem-
perature between 35 to 38 °C were registered before har-
vest in August (data not shown). Overall, yearly rainfall 
was higher in 2010 than in 2011 with 1845 mm and 839 
mm, respectively, as well as the cumulative precipitation 
measured from April to October that was 924 mm and 
625 mm in 2010 and 2011, respectively (Fig. 2). Growing 
Degree Days (GDD) during the period April 1 – October 
1 were calculated using the 10 °C-base model. GDD were 
higher in 2011 with 2078 GDD than 2010 (1697 GDD), a 
20 % difference between the warmer (2011) and the cooler 
season (2010).

G r a p e v i n e  p h e n o l o g y ,  y i e l d  c o m p o -
n e n t s ,  b u n c h  h e a l t h  a n d  b e r r y  c o m p o -
s i t i o n :  Anthesis (BBCH 65) was recorded on June 5 
and May 28 in 2010 and 2011, respectively. Veraison 
(BBCH 83) was noted on August 5 (61 DAA) and July 21 
(54 DAA) in 2010 and 2011, respectively. Harvest 
(BBCH 89) occurred on August 29 (85 DAA) and August 
19 (83 DAA) in 2010 and 2011, respectively. 

In both seasons, number of clusters per vine, mean 
cluster weight, mean berry weight, and yield were not af-
fected by leaf removal (Tab. 1). However, variability be-
tween seasons was observed; in general, a lower yield was 

Fig. 1: Monthly mean air temperature during 2010 and 2011 as 
compared to the 1991-2011 mean.

Fig. 2: Monthly cumulate rain (mm) during the growing season.
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observed in 2011 than in 2010, due to a reduced number of 
clusters per vine, reduced mean cluster weight, and slightly 
reduced berry weight (Tab. 1). 

Botrytis bunch rot and sour rot were observed in both 
seasons. Interaction between treatment and season was 
significant and thus data are presented separately for each 
season. Seasonal differences, mainly related to rain events, 
stimulated a higher incidence and severity of the diseases in 
2010 when compared to 2011 (Tab. 2). In 2010, these inci-
dence and severity of Botrytis bunch rot were significantly 
lower in LR grapevines: incidence was 73.8 % and 43.8 % 
in C and LR, respectively, while severity was 25.2 % and 
4.6 % in C and LR, respectively. In 2011, the incidence was 
38.8 % and 27.7 % in C and LR, respectively; and severity 
was 6.3 % and 2.2 % in C and LR, respectively; but differ-
ences were not significant. Sour rot incidence was low in 
both seasons and ranged from 0 % to 8.3 %. In 2010, LR 

prevented any sour rot damage; in contrast, 5.5 % of the C 
clusters were attacked by sour rot. In 2011, some clusters 
were damaged with sour rot (8.3 % and 5.6 % in C and 
LR, respectively) but there were no statistical differences 
between the two treatments. The severity of sour rot was 
always below 1 %.

Sunburn damage was observed only in 2011 (Tab. 2) 
and the LR treatments showed significantly higher in-
cidence and severity of damage. Sunburn incidence was 
9.3 % and 47.9 % in berries from C and LR, respectively, 
while severity was 0.4 and 3.6 % in C and LR berries, re-
spectively.

Treatments did not affect berry composition at harvest 
(Tab. 3), except for must pH and malic acid concentration, 
which decreased under LR. Seasonal variability, mainly 
linked to differences in mean air temperatures and GDD 
accumulation, lead to higher TSS concentration in 2011 

T a b l e  1

Yield components in 'Sauvignon blanc' grapevines subjected to leaf 
removal (LR) and control (C) in 2010 and 2011. Data averaged over 

treatments and seasons in the absence of significant interactions

Parameter Treatment Season Treat x 
seasonC LR 2010 2011

Yield/vine (kg) 2.77 a 2.69 a 3.19 a 2.27 b ns
Clusters/vine 21.6 a 19.6 a 22.5 a 18.7 b ns
Cluster weight(g) 127.3 a 135.9 a 141.6 a 121.6 b ns
Berry weight (g) 1.69 a 1.69 a 1.78 a 1.59 b ns

Different letters within the same row denotes significant differences 
(p < 0.05) between treatments.

T a b l e  2

Incidence and severity of Botrytis bunch rot, sour rot, and sunburn in 
'Sauvignon blanc' grapevines subjected to leaf removal (LR) and control (C) 

in 2010 and 2011

Parameter 2010 2011
C LR C LR

Botrytis bunch rot incidence (%) 73.8 a 43.8 b 38.8 a 27.7 a
Botrytis bunch rot severity (%) 25.2 a 4.6 b 6.3 a 2.2 a
Sour rot incidence (%) 5.5 a 0.0 b 8.3 a 5.6 a
Sour rot severity (%) 0.7 a 0.0 b 0.7 a 0.1 a
Sunburn incidence (%) 0.0 a 0.0 a 9.3 b 47.9 a
Sunburn severity (%) 0.0 a 0.0 a 0.4 b 3.6 a

Different letters within the same row and for each season denotes significant 
differences (p < 0.05) between treatments.

T a b l e  3

Berry juice composition in 'Sauvignon blanc' grapevines subjected to leaf 
removal (LR) and control (C) in 2010 and 2011. Data averaged over treatments 

and seasons in the absence of significant interactions

Parameter Treatment Season Treat x 
seasonC LR 2010 2011

Total soluble solids (Brix) 19.5 a 19.6 a 18.2 b 20.9 a ns
Must pH 3.51 a 3.43 b 3.38 b 3.56 a ns
Titratable acidity (g·L-1) 4.88 a 5.01 a 5.46 a 4.43 b ns
Malic acid (g·L-1) 3.36 a 2.61 b 3.53 a 2.43 b ns
Tartaric acid (g·L-1) 4.88 a 6.30 a 6.87 a 4.30 b ns

Different letters within the same row denotes significant differences (p < 0.05) 
between treatments.
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than in 2010, together with slightly higher pH, and lower 
TA, malic and tartaric acid.

Fruit ripening was affected by LR only in 2010 (Fig. 4). 
In particular, TSS accumulation was slower in the berries of 
LR vines during the early stages of fruit ripening, but fast-
er shortly after, resulting in no differences between treat-
ments at harvest (Fig. 4). TSS concentration was 10.9 and 
9.7 °Brix at 61 DAA (50 % veraison), 13.8 and 15.7 °Brix 
at 74 DAA, in C and LR, respectively, and 18.2 °Brix in 
both treatments at harvest (87 DAA). Harvest at such low 
sugar concentration followed the winery decision based on 
spread and intensity of bunch rot (Tab. 2) that was sim-
ilar to our non-defoliated controls within the vineyard. 
Similarly, TA accumulation was higher in the berries of 
LR vines during early stages of fruit ripening (29.7 and 
33.3 g·L-1 at 47 DAA for C and LR treatments, respective-
ly) but a faster decrease of TA after veraison resulted in no 
differences at harvest (5.5 g·L-1 for both treatments).

LR treatment affected seasonal levels of methoxypyra-
zines in the berries (Fig. 5). Levels of IBMP were lower 
in LR vines during early stages of development in both 
seasons. However, at harvest, the levels of IBMP were be-
low the threshold of instrumental detection (0.6 ng·L-1) for 
both treatments (Fig. 5). In both seasons, levels of IPMP 
concentration in the berries were lower in LR than in C at 
the first sampling date; then IPMP concentration steeply 
decreased and no further differences between treatments 
were noticed. At harvest, IPMP concentration levels were 
below the threshold of instrument detection in both sea-
sons.

Discussion

The FVG region is often characterized by relatively 
high rain events during the growing season, which triggers 
high disease pressure both on canopy and clusters. In this 
study, the 2010 season was more rainy than 2011 (Fig. 2), 
particularly during August and September, which typically 
herald the end of ripening and the harvest of most varieties. 
For viticulturists, this period is of critical strategic concern. 
The harvest date is often largely dependent on the presence 

of bunch rot and the intensity and pace of the fungal attack. 
Accordingly, in 2010 season, harvest were performed when 
berries had reached only 18 °Brix because Botrytis bunch 
rot was widely spread and with great intensity within the 
vineyard. Early harvest to avoid potential winemaking is-
sues with Botrytis and sour rot infections is often decided 
at the expense of more standard maturity parameters based 
on TSS, TA and pH. Thus, applying viticultural practices, 
such as basal leaf removal, for controlling bunch rot is of 
great interest and applicability in FVG. However, viticul-
turists are concerned with whether the introduction of such 
techniques could alter wine grape composition at harvest, 
as bunch-zone leaf removal has been associated with sun-
burn and a lower varietal aroma of grapes (Chorti et al. 
2010, Lohitnavy et al. 2010, Pastore et al. 2013, Šuklje 
et al. 2014). Our results show that in two seasons of ex-
periments, leaf removal applied after fruit set (at the groat-
size stage of development) did not affect yield (Tab. 1) and 
fruit technological composition (TSS, TA, pH) at harvest 
(Tab.  3) in 'Sauvignon blanc'. Scheiner et al. (2010) did 
not find statistical differences in the yield and grape com-
position of 'Cabernet franc' and 'Merlot' vines when differ-
ent severities and timings of leaf removal treatments were 
imposed after anthesis. King et al. (2012) also showed the 
same result on 'Merlot' vines cultivated in a cool climatic 
region. However, a slight delay in ripening was observed in 

Fig. 3: Incoming solar radiation (MJ/m2) calculated as mean val-
ue every 15 d from the day of anthesis (50 % capfall) until verai-
son, and mean air temperature (°C) in the same period.

Fig. 4: Total soluble solids (Brix) and titratable acidity (g·L-1) 
concentration during berry development in 'Sauvignon blanc' 
grapevines subjected to leaf removal (LR) and control (C). At 
each sampling date, different letters denote statistical significance 
at p < 0.05. Dotted line indicates the veraison date.
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fruit of LR vines (lower TSS and higher TA at early stages 
of ripening) in 2010. This transient effect might have been 
related to a lower leaf area of the main shoots of LR vines – 
due to the removal of five basal leaves per shoot – and/or to 
a higher competition for sugars between lateral shoots and 
clusters of LR vines. LR treatment normally increases the 
growth of lateral shoots (Caspari et al. 1998) and lateral 
shoots are strong sink competitors for developing clusters 
until the leaves of lateral shoots fully mature (Candolfi-
Vasconcelos and Koblet 1990). Later during the season, 
the loss of leaf area due to leaf removal might have been 
compensated by the increases of photosynthetic efficiency 
of the remaining leaf and an increase of the lateral leaf area 
(Caspari et al. 1998). In this study, leaf area was measured 
only in 2011 (data not shown) and the data confirmed that 
differences in total leaf area were observed in LR vines 
just after the treatment was applied, but they disappeared 
during fruit ripening.

LR treatment significantly decreased IBMP and 
IPMP concentration during berry development (Fig. 4). 
Viticultural practices that favor bunch exposure to solar 
radiation normally decrease methoxypyrazines concen-
tration during berry development and at harvest (Scheiner 
et al. 2010, Ryona et al. 2008). Methoxypyrazines are bi-
osynthesized in the berry at early stages of development 
and decrease from pre-veraison stages to harvest (Roujou 
de Boubée et al. 2002, Ryona et al. 2008, Koch et al. 2012, 
Scheiner et al. 2010). In this experiment, the accumulation 
of these compounds followed the same trend. Interestingly, 

IBMP concentration early in the season was higher in 2011 
than in 2010 independently of the treatments. This result 
is probably related to the lower solar radiation and lower 
temperatures recorded in 2011 from the end of May to be-
ginning of June (Fig. 3). This period is concomitant with 
berry-set and first stages of fruit development and thus 
with MP accumulation (Hashizume and Samuta 1999); the 
impact of light exposure during this period on the quantity 
of MPs seems to be a balance of two effects: biosynthesis 
and photodecomposition (Sidhu et al. 2014). Leaf removal 
reduced IBMP and IPMP in both seasons. IBMP is the ma-
jor MP detected in 'Sauvignon blanc'. The relationship be-
tween IBMP and TSS concentration reported in Fig. 6 in-
dicates that during ripening the trend of IBMP degradation 
was similar between LR and C berries. Hence, the major 
effect of LR on IBMP concentration in the berry was estab-
lished before ripening as demonstrated in previous studies 
(Koch et al. 2012). In contrast to what reported in other 
studies that considered 'Merlot', 'Cabernet Sauvignon', and 
'Cabernet franc' grapes (Koch et al. 2012, Scheiner et al. 
2010, Ryona et al. 2008), in this study, IBMP concentra-
tion at harvest was below the sensory detection threshold 
– 2 ng·L-1 in water solution and of 8 ng·L‑1 in 'Sauvignon 
blanc' wines (Allen et al. 1991, Kotseridis et al. 1998, 
Pickering et al. 2007) – and below the instrument limit 
of detection that was LD = 0.6 ng·L‑1. Fast IBMP degra-
dation occurred before and at veraison regardless of the 
treatment imposed. This stresses the difficulty of obtaining 
'Sauvignon blanc' wines characterized by green pepper, as-

Fig. 5: 3-isobutyl-2-methoxypyrazine (IBMP) and 3-isopropyl-2-methoxypyrazine (IPMP) concentration during berry development in 
2010 and 2011 in 'Sauvignon blanc' grapevines subjected to leaf removal (LR) and control (C). At each sampling date, different letters 
denote statistical significance at p < 0.05. Dotted line indicates the veraison date. LD = limit of detection.
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paragus, grassy and vegetative aromas (Allen et al. 1991, 
Pickering et al. 2007) in similar climatic conditions. 

The season of 2010 was mostly rainy, particularly dur-
ing ripening (Figure 2). Sour rot damages were negligible 
while the Botrytis bunch rot was remarkable and LR treat-
ment was successful for controlling incidence and severity 
of both diseases (Tab. 2). These results are in accordance 
with previous work on the efficiency of leaf removal for 
Botrytis control (Percival et al. 1994, Intrieri et al. 2008, 
Molitor et al. 2011, Palliotti et al. 2011). The lower 
incidence of Botrytis bunch rot due to the leaf removal 
treatment most likely determined the higher cluster weight 
(+ 15 %) in LR vines in 2010. However, in a drier season 
(2011), the lack of Botrytis resulted in no effects of LR on 
cluster weight or other yield components. 

Bunch sunburn was observed only in 2011, the sea-
son that registered higher summer temperatures. Previous 
studies have reported that in warm viticultural areas, the 
combination of high solar radiation and temperature can 
lead to sunburn in berries exposed to sunlight via leaf re-
moval at berry set, a phenological stage close to the one 
considered in this study (Chorti et al. 2010). However, in 
our study, despite a high incidence of sunburn, the severity 
of the damage was very limited and did not determine any 
significant impact on the compositional parameters analyz-
ed in this study (although may have altered parameters not 
analyzed here) neither a loss in the production.

Conclusion

Basal leaf removal applied after berry set (groat-sized) 
in 'Sauvignon blanc' was effective at decreasing the inci-
dence and severity of Botrytis bunch rot, while showing 
no significant impact on yield and fruit technological com-
position in 'Sauvignon blanc' grapes. Cluster exposure 
decreased IBMP accumulation at early stages of berry de-
velopment, but not at harvest when values of both the treat-
ments, C and LR, were not detectable. Therefore, leaf re-
moval can be considered a suitable practice in similar wine 

growing regions, particularly during wet and cool seasons, 
to cope with bunch diseases without impacting grape com-
position. However, leaf removal can also result in sunburn 
during seasons with high temperatures and, therefore, its 
implementation should take into account the climate and 
other agronomic factors such as row orientation.

Acknowledgements

The authors would like to acknowledge the staff of the 
Azienda Agricola Puiatti (Romans d'Isonzo, Italy) for their sup-
port and assistance in the field experiment. We also appreciate the 
contribution of M. Pinat in the experiment set-up, data collection 
and laboratory analyses.

References

Allen, M. S.; Lacey, M. J.; Harris, R. L.; Brown, V. W.; 1991: 
Contribution of methoxypyrazines to Sauvignon blanc wine aroma. 
Am. J. Enol. Vitic. 42, 109-112.

Austin, C. N.; Wilcox, W. F.; 2011: Effects of fruit-zone leaf removal, 
training systems, and irrigation on the development of grapevine 
powdery mildew. Am. J. Enol. Vitic. 62, 193-198.

Bavaresco, L.; Gatti, M.; Pezzutto, S.; Fregoni, M.; Mattivi, F.; 2008: 
Effect of leaf removal on grape yield, berry composition, and stil-
bene concentration. Am. J. Enol. Vitic. 59, 292-298.

Bergqvist, J.; Dokoozlian, J.; Ebisuda, N; 2001: Sunlight exposure and 
temperature effects on berry growth and composition of Cabernet 
Sauvignon and Grenache in the central San Joaquin Valley of 
California. Am. J. Enol. Vitic. 52, 1-7.

Bledsoe, A.; Kliewer, W. M.; Marois, J. J.; 1988: Effects of timing and 
severity of leaf removal on yield and fruit composition of Sauvignon 
blanc grapevines. Am. J. Enol. Vitic. 39, 49-54.

Buttery, R. G.; Seifert, R. M.; Guadagni, D. G.; Ling, L. C.; 1969: 
Characterization of some volatile constituents of bell peppers. J. 
Agric. Food Chem. 17, 1322-1327.

Candolfi-Vasconcelos, M. C.; Koblet, W.; 1990: Yield, fruit quality, bud 
fertility and starch reserves of the wood as a function of leaf removal 
in Vitis vinifera - Evidence of compensation and stress recovering. 
Vitis 29, 199-221.

Caspari, H. W.; Lang, A.; Alspach, P.; 1998: Effects of girdling and leaf 
removal on fruit set and vegetative growth in grape. Am. J. Enol. 
Vitic. 49, 359-366.

Chorti, E.; Guidoni, S.; Ferrandino, A.; Novello, V.; 2010: Effect of dif-
ferent cluster sunlight exposure levels on ripening and anthocyanin 
accumulation in Nebbiolo grapes. Am. J. Enol. Vitic. 61, 23-30.

Diago, M. P.; Ayestarán, B.; Guadalupe, Z.; Poni, S.; Tardáguila, J.; 
2012: Impact of prebloom and fruit-set basal leaf removal on the 
flavonol and anthocyanin composition of Tempranillo grapes. Am. 
J. Enol. Vitic. 63, 367-376.

Falcao, L. D.; De Revel, G.; Perello, M. C.; Moutsiou, A.; Zanus, M. C.; 
Bordignon-Luiz, M. T.; 2007: A survey of seasonal temperatures 
and vineyard altitude influences on 2-methoxy-3-isobutylpyrazine, 
C13-norisoprenoids, and the sensory profile of Brazilian Cabernet- 
Sauvignon wines. J. Agric. Food Chem. 55, 3605-3612.

Feng, H.; Yuan, F.; Skinkis, P. A.; Qian, M.; 2015: Influence of cluster 
zone leaf removal on Pinot noir grape chemical and volatile compo-
sition. Food Chem. 173, 414-423.

Greer, D. H.; Rogiers, S. Y.; Steel, C. C; 2006: Susceptibility of 
Chardonnay grapes to sunburn. Vitis 45, 147-148.

Guidoni, S.; Oggero, G.; Cravero S.; Rabino, M.; Cravero, M. C.; 
Balsari, P.; 2008: Manual and mechanical leaf removal in the bunch 
zone (Vitis vinifera L., cv Barbera): effects on berry composition, 
health, yield and wine quality, in a warm temperate area. J. Int. Sci. 
Vigne Vin. 42, 49-58.

Haselgrove, L.; Botting, D.; Heeswijck, R. V.; Høj, P. B.; Dry, P. R.; 
Ford, C.; Land, P. G. I.; 2000: Canopy microclimate and berry com-
position: The effect of bunch exposure on the phenolic composition 

Fig. 6: Relationship between total soluble solids (°Brix) accu-
mulation and 2-methoxy-3-isobutylpyrazine (IBMP) (ng·L‑1) 
concentration during berry development in 'Sauvignon blanc' 
grapevines subjected to leaf removal (LR) and control (C). Two 
seasons data are plot together.



	64	 D. Mosetti et al.

of Vitis vinifera L cv. Shiraz grape berries. Aust. J. Grape Wine Res. 
6, 141-149. 

Hulands, S.; Greer, D. H.; Harper, D. I.; 2014: The Interactive Effects 
of Temperature and Light Intensity on Vitis vinifera cv. 'Semillon' 
grapevines. II. berry ripening and susceptibility to sunburn at har-
vest. Europ. J. Hort. Sci. 79, S. 1-7.

Iland, P.; Bruer, N.; Ewart, A.; Markides, A.; Sitters, J.; 2004: 
Monitoring the winemaking process from grapes to wine: tech-
niques and concepts (Patrick Iland Wine Promotions Plublishers: 
Adelaide, AU).

Intrieri, C.; Filippetti, I.; Allegro, G.; Centinari, M.; Poni, S; 2008: 
Early defoliation (hand vs mechanical) for improved crop control 
and grape composition in Sangiovese (Vitis vinifera L.). Aust. J. 
Grape Wine Res. 14, 25-32.

IUSS Working Group; 2006: World Reference Base for Soil Resources 
2006. World Soil Resources Reports No. 103. FAO. Rome, Italy.

Hashizume, K.; Samuta, T.; 1999: Grape maturity and light exposure af-
fect berry methoxypyrazine concentration. Am. J. Enol. Vitic. 50, 
194-198.

Jackson, D. I.; Lombard, P. B.; 1993: Environmental and management 
practices affecting grape composition and wine quality - A review. 
Am. J. Enol. Vitic. 44, 409-430.

King, P. D.; McClellan, D. J.; Smart, R. E.; 2012: Effect of severity 
of leaf and crop removal on grape and wine composition of Merlot 
vines in Hawke's Bay vineyards. Am. J. Enol. Vitic. 63, 500-507.

Kliewer, W. M.; Antcliff, A. J.; 1970: Influence of defoliation, leaf dark-
ening, and cluster shading on the growth and composition of Sultana 
grapes. Am. J. Enol. Vitic. 21, 26-36.

Koch, A.; Doyle, C. L.; Matthews, M. A.; Williams, L. E.; Ebeler, S. 
E.; 2010: 2-Methoxy-3-isobutylpyrazine in grape berries and its de-
pendence on genotype. Phytochemistry 71, 17-18.

Koch, A.; Ebeler, S. E.; Williams, L. E.; Matthews, M. A.; 2012: Fruit 
ripening in Vitis vinifera: light intensity before and not during ripen-
ing determines the concentration of 2-methoxy-3-isobutylpyrazine 
in Cabernet Sauvignon berries. Physiol. Plant. 145, 275-285.

Kotseridis, Y.; Anocibar Beloqui, A.; Bertrand, A.; Doazan, J. P.; 1998: 
An analytical method for studying the volatile compounds of Merlot 
noir clone wines. Amer. J. Enol. Vitic. 49, 44-48.

Lacey, M. J.; Allen, M. S.; Harris, R. L.; Brown, W. V.; 1991: 
Methoxypyrazines in Sauvignon Blanc grapes and wine. Am. J. 
Enol. Vitic. 42, 103-108.

Lee, J.; Skinkis, P. A.; 2013: Oregon ‘Pinot noir’ grape anthocyanin en-
hancement by early leaf removal. Food Chem. 139, 893-901.

Lohitnavy, N.; Bastian, S.; Collins, C.; 2010: Berry sensory attributes 
correlate with compositional changes under different viticultural 
management of Semillon (Vitis vinifera L.). Food Qual. Prefer. 21, 
711-719.

Lorenz, D. H.; Eichhorn, K. W.; Bleiholder, H.; Klose, R.; Meier, U.; 
Weber, E.; 1995: Growth stages of the grapevine: Phenological 
growth stages of the grapevine (Vitis vinifera L. ssp. vinifera) - 
codes and descriptions according to the extended BBCH scale. Aust. 
J. Grape Wine Res. 1, 100-103.

Maga, J. A.; 1992: Pyrazine update. Food Rev. Int. 8, 479-558.
Marais, J.; Hunter, J. J.; Haasbroek, P. D.; 1999: Effect of canopy micro-

climate, season and region on Sauvignon blanc grape composition 
and wine quality. S. Afr. J. Enol. Vitic. 20, 19-30.

Marais, J.; Swart, E.; 1999: Sensory impact of 2-methoxy-3-isobu-
tylpyrazine and 4-mercapto-4-methylpentan-2-one added to a neu-
tral Sauvignon blanc wine. S. Afr. J. Enol. Vitic. 20, 77-79.

Molitor, D.; Rothmeier, M.; Behr, M.; Fischer, S.; Hoffmann, L.; Evers, 
D.; 2011: Crop cultural and chemical methods to control grey mould 
on grapes. Vitis 50, 81-87.

Noble, A. C.; Elliott Fisk, D. L.; Allen, M. S.; 1995: Vegetative flavor 
and methoxypyrazines in Cabernet Sauvignon. In: R. L. Rousoff, 
M. M. Leahy (Eds): Fruit flavors: biogenesis, characterization, and 
authentication, 226-234. ACS Symposium Series 596. American 
Chemical Society, Washington, USA.

Palliotti, A.; Gatti, M.; Poni, S.; 2011: Early leaf removal to improve 
vineyard efficiency: Gas exchange, source-to-sink balance, and re-
serve storage responses. Am. J. Enol. Vitic. 62, 219-228.

Pastore, C.; Zenoni, S.; Fasoli, M.; Pezzotti, M.; Tornielli, G. B.; 
Filippetti, I.; 2013: Selective defoliation affects plant growth, 
fruit transcriptional ripening program and flavonoid metabolism in 
grapevine. BMC Plant Biol. 13:30.

Percival, D.; Fisher, K.; Sullivan, A.; 1994: Use of fruit zone leaf remov-
al with Vitis vinifera L. cv. Riesling grapevines. II. Effect on fruit 
composition, yield, and occurrence of bunch rot (Botrytis cinerea 
Pers.: Fr.). Am. J. Enol. Vitic. 45, 133-140.

Petrie, P. R.; Trought, M. C. T.; Howell, G. S.; Buchan, G. D.; 2003: 
The effect of leaf removal and canopy height on whole-vine gas ex-
change and fruit development of Vitis vinifera L. 'Sauvignon blanc'. 
Funct. Plant Biol. 30, 711-717.

Pickering, G. J.; Karthik, A.; Inglis, D.; Sears, M.; Ker, K.; 2007: 
Determination of ortho- and retronasal detection thresholds for 
2-isopropyl-3-methoxypyrazine in wine. J. Food Sci. 72, S468-S472

Poni, S.; Casalini, L.; Bernizzoni, F.; Civardi, S.; Intrieri, C.; 2006: 
Effects of early defoliation on shoot photosynthesis, yield compo-
nents, and grape composition. Am. J. Enol. Vitic. 57, 397-407.

Price, S. F.; Breen, P. J.; Valladao, M.; Watson, B. T.; 1995: Cluster sun 
exposure and quercetin in Pinot noir grapes and wine. Am. J. Enol. 
Vitic. 46, 187-194.

Roujou de Boubée, D. R.; Cumsille, A. M.; Pons, M.; Dubourdieu, D.; 
2002: Location of 2-methoxy-3-isobutylpyrazine in Cabernet 
Sauvignon grape bunches and its extractability during vinification. 
Am. J. Enol. Vitic. 53, 1-5.

Ryona, I.; Pan, B. S.; Intrigliolo, D. S.; Lakso, A. N.; Sacks, G. L.; 2008: 
Effects of cluster light exposure on3-Isobutyl-2-methoxypyrazine 
accumulation and degradation patterns in red wine grapes (Vitis vini-
fera L. cv. Cabernet Franc). J. Agric. Food Chem. 56, 10838-10846.

Sabbatini, P.; Howell, G. S.; 2010: Effects of early defoliation on yield, 
fruit composition, and harvest season cluster rot complex of grape-
vines. HortScience 45, 1804-1808.

Scheiner, J.; Sacks, G.; Pan, B.; Ennahli, S.; Tarlton, L.; Wise, A.; 
Lerch, S. D.; Vanden Heuvel, J. E.; 2010: Impact of severity and 
timing of basal leaf removal on 3-isobutyl-2-methoxypyrazine con-
centrations in red winegrapes. Am. J. Enol. Vitic. 61, 358-364.

Sidhu, D.; Lund, J.; Kotseridis, Y.; Saucier, C.; 2015: Methoxypyrazine 
analysis and influence of viticultural and enological procedures on 
their levels in grapes, musts, and wines. Crit. Rev. Food Sci. Nutr. 
55, 485-502.

Spayd, S. E.; Tarara, J. M.; Mee, D. L.; Ferguson, J. C.; 2002: Separation 
of sunlight and temperature effects on the composition of Vitis vini-
fera cv. Merlot berries. Am. J. Enol. Vitic. 53, 171-182.

Sternad Lemut, M.; Trost, K.; Sivilotti, P.; Arapitsas, P.; Vrhovsek, 
U.; 2013: Early versus late leaf removal strategies for Pinot Noir 
(Vitis vinifera L.): effect on colour-related phenolics in young wines 
following alcoholic fermentation. J. Sci. Food Agric. 93, 3670-3681.

Šuklje, K.; Antalick, G.; Coetzee, Z.; Schmidtke, L.M.; Baša Česnik, H.; 
Brandt, J.; du Toit, W.J.; Lisjak, K.; Deloire, A.; 2014: Effect of 
leaf removal and ultraviolet radiation on the composition and senso-
ry perception of Vitis vinifera L. cv. Sauvignon blanc wine. Aust. J. 
Grape Wine Res. 20, 223-233.

Šuklje, K.; Lisjak, K.; Česnik, H. B.; Janeš, L.; Du Toit, W.; Coetzee, Z.; 
Vanzo, A.; Deloire, A.; 2012: Classification of grape berries accord-
ing to diameter and total soluble solids to study the effect of light 
and temperature on methoxypyrazine, glutathione, and hydroxycin-
namate evolution during ripening of Sauvignon blanc (Vitis vinifera 
L.). J. Agr. Food Chem. 60, 9454-61.

Vasconcelos, M. C.; Greven, M.; Winefield, C. S.; Trought, M. C. T.; 
Raw, V.; 2009: The flowering process of Vitis vinifera: A review. 
Am. J. Enol. Vitic. 60, 411-434.

Wolf, T. K.; Pool, R. M.; Mattick, L. R.; 1986: Responses of young 
Chardonnay grapevines to shoot tipping, ethephon, and basal leaf 
removal. Am. J. Enol. Vitic. 37, 263-268.

Zoecklein, P. W.; Wolf, T. K.; Duncan, N. W.; Judge, J. M.; Cook, M. K.; 
1992: Effects of fruit zone leaf removal on yield, fruit composition, 
and fruit rot incidence of Chardonnay and White Riesling (Vitis vini-
fera L.) grapes. Am. J. Enol. Vitic. 43, 139-148.

Received July 1, 2015


