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Abstract: Morpho-physiological changes, excessive sugar accumulation, low acidity and color, and 

atypical flavors have been well documented worldwide as a consequence of global warming. These 

upheavals suggest a re-think of viticulture models and/or management strategies. This study focused on 

early shoot trimming to evaluate how changes in canopy architecture can influence its functionality and 

grape qualitative-quantitative traits. The experiment was carried out in 2023 in a 12-year-old vineyard 

on Etna Mount (Sicily island) on the white grape variety ‘Carricante’. At the BBCH73 stage (berries 

groat-sized), all shoots on 180 vines were trimmed at the height of the node above the last bunch (TR), 

whereas the other 180 vines were subjected to late shoot trimming during the last week of August (CT). 

The early trimming removed 61% of the total leaf area and did not cause any berry drop. The vine per-

formances were influenced by high temperatures in summer, with peaks of over 46 °C, which were 

responsible for the premature senescence of basal leaves from primary shoots and the lack of develop-

ment of laterals in CT vines. The TR determined a change in vine architecture, characterized by a 

reduced vigour and canopy height and an increase in the leaf area (+34%), thanks to lateral shoot devel-

opment, resulting in the most dense canopy. In the TR vines, the yield and their components were 

unchanged compared to CT vines, whereas a reduction in sugar (21.6 vs. 23.1 °Brix) and an increase in 

polyphenols (+20%) were found. 
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1. Introduction 

Due to its genetic and phenotypic diversity, the grapevine (Vitis vinifera L.) is one of the oldest and 

most widely cultivated tree crops globally. In 2022, the International Organisation of Vine and Wine 

declared that the globally cultivated vineyard area was 7.3 million hectares (Mha), producing approxi-

mately 260 million hectolitres (MhL) of wine. The projection of world wine production is estimated to 

be a mid-range of 244 MhL (-7%). This volume represents the smallest since 1961, at 214 MhL, sur-

passing the historically low production volume of the 2017 season, which was 248 MhL. This 

unfavourable scenario can be attributed to a significant decline in major wine-producing countries in 

both hemispheres. Those in the Northern Hemisphere, such as Italy, where a reduction of 12% (43.9 

MhL) was recorded in 2023 (OIV, 2023), were the most affected by the adverse climatic conditions dur-

ing the growing season. The productive decline is due to both abiotic and biotic stress. In particular, 

extreme events such as floods, hailstorms, prolonged drought, and strong winds have become 

widespread and frequent. In several cases, late rains and prolonged periods of high relative humidity 

have been the cause of an increase in fungal disease, especially in the Italian southern regions (OIV, 
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2023). The phenomenon fits into the general climate change scenario, strongly impacting vegetative and 

reproductive vine behaviour. The main indicators of climate change are the rise in air temperatures and 

CO
2
 concentrations, and a marked reduction in precipitation, which leads to frequent water deficit 

events (Arrizabalaga-Arriazu et al., 2020; Martínez-Lüscher et al., 2016; Sodini et al., 2023). These con-

ditions are responsible for physiological alterations, negatively affecting crop development and yield 

(Petrie and Clingeleffer, 2008) and reducing the length of the phenological phases, thus determining an 

advance in grape ripening (Jones et al., 2005). Moreover, a decrease in anthocyanins, fatty and organic 

acids and aroma compounds was also reported (Mori et al., 2007; Lecourieux et al., 2017). These factors 

cause the production of musts with elevated potential alcohol content, higher pH, and reduced acidity 

and color (Iorizzo et al., 2023). Furthermore, this trend is responsible for reducing the quantity and com-

plexity of aromas, with consequent modification of the wine traits. Therefore, climate change adaptation 

strategies are mandatory to support the production of high-quality wines and preserve their distinctive 

characteristics based on their origin (Van Leeuwen and Darriet, 2016). These may concern the grape 

variety, the growing region, and the agronomic techniques (Sotès, 2018). Under rising temperatures, 

considering that in many traditional areas it is not advisable to modify the genetic component (Bennici 

et al., 2018), it is important to adapt soil and vine management (Ferlito et al., 2018). 

In this context, vineyard canopy management, especially the summer pruning techniques tailored to 

this specific scenario, could serve as a resource to increase viticulture resilience to climate change chal-

lenges. In the past, the summer pruning techniques were used to improve the bunch exposition to the sun 

or to prevent grape disease (i.e. leaf removal and late topping), but nowadays, they could improve vine 

resilience to extreme climatic conditions (Ferlito et al., 2020; Nicolosi et al., 2021). In particular, the 

shoot trimming strategy could be revised as a useful tool for changing the canopy architecture when 

applied early in the season with the aim of: i) improving the lateral leaves growth and efficiency; ii) 

modifying the source/sink balance and consequently the technological grape characteristics, delaying 

berry ripening; iii) ensuring the control of fungi infection in the mid-late season. To evaluate whether 

the modification of the architecture and arrangement of the canopy affect its functionality, early shoot 

trimming was examined as a strategy to limit damage due to ongoing climate changes. 

2. Materials and Methods 

2.1. Site descriptions, plant material and vine canopy management   

The research was carried out in a rainfed vineyard located on the Etna Mount (Sicily Island, South 

Italy, lat. 37°41’19.95”N; long. 15° 9’23.93”E; alt. 252 m a.s.l., eastern slope) on 12-years-old vines of 

the white grape cultivar ‘Carricante’, grafted onto 140 Ru. rootstock, in rows orientated E-W, spaced 2.5 

m × 1.2 m (3.333 vines/ha). Vines were trained using a vertical-shoot positioned, spur-pruned perma-

nent cordon at 0.7 m from the soil and the top of the canopy at approximately 1.90 m. Vines were spur-

pruned from six to ten nodes per vine (two nodes per spur and three to five spurs per vine). A simple 

canopy management treatment was arranged to conduct the trial over a preliminary first season, from 24 

May 2023 to 15 February 2024. The experimental design was completely randomized with three inde-

pendent experimental units (blocks) and two treatments per experimental unit, each consisting of 3 rows 

containing 60 vines each. All measurements were made on nine uniform vines per treatment selected in 

the central part of each block. Two canopy management treatments were compared: (i) early trimming 

(TR) and (ii) conventional trimming (CT, Control). In the TR treatment, shoots were manually trimmed 

at the node’s height above the last bunch at the BBCH 73 stage (berries groat-sized, bunches begin to 

hang) (Figure 1). The CT vines were trimmed during the last week of August according to the common 

cultural practices in the area. 

2.2. Climatic and soil characteristics  

A weather station located near the experimental vineyard provided monthly minimum, mean and 
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maximum air temperatures and rainfall data. According to the USDA scheme, the soil is classified as 

loamy-sandy and sub-acid. 

Figure 1. Vines subjected to the early shoot trimming (BBCH 73). 

2.3. Vegetative growth monitoring 

The area of removed leaves from primary and lateral shoots was determined using a leaf area meter 

(model LI-3100; Licor, Inc., Lincoln, NE). The remaining leaf area per vine was estimated by multiply-

ing the number of all primary and lateral leaves by the relative average leaf area previously calculated, 

sampling 25 basal, 25 medial and 25 apical leaves and measuring their leaf area. At harvest, on 25 

September, the same measurements were repeated in both treatments to evaluate the leaf area per vine 

and the percentages of leaf area from primary and lateral shoots. In CT vines, no significant regrowth 

occurred after the standard shoot trimming made at the end of August. 

2.4. Physiological measurements 

Base physiological parameters were measured with a portable infrared gas analyzer IRGA (Leaf 

Chamber Analyzer-ADC LCA4 Bio Scientific Ltd., Rickmansworth, England) using three leaves per 

treatment per experimental unit (a total of 9 leaves) per measurement date. Midday leaf water potential 

was measured with a Scholander pressure chamber (Soil Moisture Equipment Corp., Sta. Barbara, CA, 

USA) using nine leaves (three leaves per experimental unit). All measurements were carried out month-

ly from 15 June to 15 September between 12:00 a.m. and 1:30 p.m. Data were collected on fully 

exposed basal primary leaves until their full senescence (first two data of measurements) both for TR 

and CT; then we used fully exposed lateral leaves on mid-shoots both for TR and CT treatments and 

fully exposed primary leaves on mid-shoots on CT treatment. 

2.5. Yield and berry characteristics 

Yield per vine was measured and grape composition analysed at harvest (25 September). Bunches 

were collected from nine vines per treatment on each block to determine fruit yield. A sample of five 

bunches per experimental unit (15 bunches per treatment) was used to determine the bunch weight and 
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the number and weight of berries. A three replicates sample of 100-berry per experimental unit, were 

crushed with a manual press and free-run juice utilized to determine total soluble solids (TSS), must pH, 

and titratable acidity (TA), using an automatic titrator as described by Nicolosi et al. (2016). Total 

polyphenol was determined using the Folin-Ciocalteau reagent assay and expressed as mg/kg of grapes 

(Nicolosi et al., 2021). 

2.6. Statistical analysis 

Analysis of variance (randomized complete block design ANOVA) was performed with Jamovi 1.2 

statistical software (Jamovi, 2020). A post-hoc analysis based on Tukey HSD test (Tukey honest signifi-

cant differences) was performed at significance levels (p-value) of 0.05. 

3. Results 

3.1 Environmental conditions 

In 2023, the maximum and minimum air temperatures showed similar trends compared to the 2012-

2022 decade time series, except for July 2023, which was higher for both parameters (Figure 2). In par-

ticular, in July, the maximum temperature exceeded 46 °C. From April to September, the total annual 

rainfall in 2023 was equivalent to 161 mm compared to 177 mm of the 2012-2022 decade. In general, 

the amount of rainfall in July and August was very low. 

Figure 2. Monthly minimum, mean, and maximum air temperatures and rainfall measured at the experi-

mental field in the last decade (2012 - 2022) and during 2023. 

3.2. Growth activity 

On the trimming date (BBCH73), the total leaf area per vine (TLA) was represented basically by 

primary leaves located on main shoots (about 4,821 cm2), whereas the leaf area provided by laterals was 

357 cm2 per vine (Table 1 and Figure 1). The percentage of the removed leaf area from vines was 

approximately 61%, 2,938 cm2 from main shoots and 218 cm2 from laterals. At harvest, the TR vines 

showed a higher TLA (+34%) compared to CT. For the latter, the entire surface was made up of primary 

leaves; in fact, no lateral growth was observed under the trial conditions. On the contrary, for the TR 

vine, the entire final surface was made up of lateral leaves, as the retained basal primary leaves were 

fully senescent and dropped in mid-July. In winter the pruning wood from the CT vines was 1.6 kg 

(94% from primary shoots and 6% from lateral ones) while, approximately 0.64 kg was cut from each 
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TR vine, 55% from primary shoots and 45% from lateral shoots (Figure 3).  

 

Table 1. Leaf area characteristics of vines at the trimming time and at harvest.  

Shoot trimming (BBCH73) Grape harvest (BBCH91)

Before trimming After trimming Trimmed vines Control vines

Primary 
shoot 

leaf area 
(%)

Lateral 
shoot 

leaf area 
(%)

Total 
leaf 

area/vine 
(cm2)

Primary 
shoot 

leaf area 
(%)

Lateral 
shoot 

leaf area 
(%)

Total 
leaf 

area/vine 
(cm2)

Primary 
shoot 

leaf area 
(%)

Lateral 
shoot 

leaf area 
(%)

Total 
leaf 

area/vine 
(cm2)

Primary 
shoot 

leaf area 
(%)

Lateral  
shoot 

leaf area 
(%)

Total 
leaf 

area/vine 
(cm2)

93 7
5.179 
± 684

95 5
2.002 
± 383

0.0 100
13.157 
± 3214

100 0.0
9.804 

± 1,416

Figure 3. Winter pruning weight from primary and lateral shoots. Mean values for each treatment indi-

cated by different letters are significantly different (p ≤ 0.001, based on Tukey’s HSD). Bars indicate 

one standard deviation. 

3.3. Physiological behavior 

On the first measurement (mid-June), the photosynthetic rate of median and basal primary leaves 

was significantly higher, in both CT and TR vines, while in mid-July this behavior was confirmed only 

by the median primary leaves in the CT vines. A strong decline was assessed mainly in basal primary 

leaf types (Figure 4a) that became senescent in both treatments. Therefore, from mid-July onwards, the 

physiological behaviour of the vines was measured on both primary and lateral leaves for the CT vines 

but only on the lateral leaves for the TR vines. As regards the latter vines, no significant differences in 

the photosynthetic activity were registered between the two typologies of leaves on each measurement 

date (Figure 4d).  

As regards the transpiration, only in mid-July the basal primary leaves and the median primary 

leaves of the CT and TR vines, respectively, registered a significant lower value (Figure 4c,d). 

Concerning the stomatal conductance, the median primary leaves of the CT vines maintained a 

significantly better performance compared to the others, while the lateral leaves of the TR vines showed 

a significantly reduction in stomatal conductance later, in mid-August, (Figure 4e,f). The water potential 

of the median primary leaves of the CT vines, highlighted the highest negative values in mid-July 

(Figure 5a). In mid-June and mid-August, the lateral leaves from RT vines showed the most negative 

leaf water potential values, up to -1.65 MPa (Figure 5b). This behavior was probably linked to a higher 

leaf area from the laterals in TR vines, which are more sensitive to high irradiance and temperature 

compared to CT leaves. In particular, July was the hottest and most stressful month, reaching a 

maximum monthly temperature of 46.2 °C (+9.3 °C compared to the previous 10 years) (Figure 2).  
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Figure 4. Physiological parameters measured on primary (a,c,e) and lateral leaves (b,d,f) during the 

growing season. The mean values for each data are reported (*= significantly different at p≤0.05, n.s. = 

not significant, based on Tukey’s HSD test). 

Figure 5. Midday leaf water potential measured on primary (a) and lateral (b) leaves during the season. 

Mean values indicated by different letters are significantly different (p ≤ 0.05, n.s. not significant, based 

on Tukey’s HSD). Bars indicate one standard deviation. 
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3.4. Yield and grape quality 

No significant difference was found between CT and TR vines regarding fruit yield per vine, the 

number of bunches per vine, the bunch weight, the berry weight and number of berries per bunch, and 

the rachis weight (Table 2). 

 

Table 2. Influence of early trimming on yield and its components. Mean values for each parameter indi-

cated by different letters are significantly different (p ≤ 0.05), based on Tukey’s HSD.  

Parameters Control Trimmed

Yield/vine (kg) 1.67±0.57n.s. 1.55±0.30n.s.

Bunch/vine (n°) 11.78±3.99n.s. 9.89±1.90n.s.

Bunch weight (g) 143.09±37.17n.s. 156.51±90.23n.s.

Berry weight (g) 2.26±0.42n.s. 2.13±0.30n.s.

Berries/bunch (n.) 64.11±21.32n.s. 75.0±28.80ns.

Rachis weight 13.50±1.47n.s. 17.17±3.57n.s.

Total soluble solids (°Brix) 23.09±0.22a 21.64±0.50b

Titratable acidity (g/L) 3.62±0.66n.s. 3.80±0.36n.s.

Must pH 3.58±0.16n.s. 3.45±1.11n.s.

Total polyphenols (mg/kg fw) 286.79±12.90b 341,98±26.97a

The must qualitative traits highlighted a significant decrease in total soluble solids (about -1.5 

°Brix) and an increase in total polyphenols (+19%) in trimmed vines compared to control.  

4. Discussion 

In the context of intense and prolonged global warming, such as that experienced in southern Italy, 

including the island of Sicily, it is important to prevent the overheating of grape bunches and leaves. 

One way to do this is by implementing a canopy management strategy that involves opening up or 

expanding the canopy during the summer. However, the effects of canopy manipulation, like shoot trim-

ming, are heavily influenced by the unpredictable weather that occurs after the trimming, especially if it 

is done early in the season. The rainfall and air temperature following the trimming can impact the 

vine’s lateral regrowth, physiological behavior, and overall productivity (Poni et al. 2014). 

Despite low rainfall from May to September 2023, only 161 mm, the shoot trimming applied just 

after fruit-set at the height of the node above the last bunches initiated a good development of the lateral 

shoots with 1.3 m2 of leaves per vines, while all the leaves from main shoot fell early. This behaviour 

could be attributed to the use of limited water for laterals growth rather than sustaining primary leaves 

in high temperatures. Other cultivars showed the same behaviour. Under strong summer stresses, 

‘Sangiovese’ vines preferred to maintain the young leaves, including those from lateral shoots, in good 

physiological efficiency. In contrast, the older leaves from primary shoots were subjected to photoinhi-

bition with chlorosis and necrosis (Palliotti et al., 2014). In control vines, the lack of lateral develop-

ment may be due to the limited capability of ‘Carricante’ to develop secondary shoots (genetic predis-

position), which was also exacerbated by limited rainfall and high temperatures. 

The early shoot trimming did not affect the yield per vine as it was done after the fruit-set was com-

pleted. However, Vasconcelos and Castagnoli (2000) reported an increase in fruit set when trimming 

was done at the pre-bloom stage.  

It is noteworthy that the TR vines showed a lower soluble solids accumulation in the must (-1.5 

°Brix compared to CT vines) despite having the same yield per vine and a higher leaf area (+0.33 

m2/vine). This resulted in a leaf area/yield ratio of 0.58 m2/kg for the CT vines and 0.84 m2/kg for the 

TR vines. The decrease in soluble solids accumulation in the TR vines might be due to the lower photo-

synthetic rate of the lateral leaves developed in shade conditions. 
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The TR performed at the berries groat-sized changed vine canopy structure. This resulted in shorter 

and less vigorous growth with an increase in the final leaf area due to lateral shoot development, creat-

ing a dense canopy with more shaded interior leaves. Palliotti et al. (2000) reported a 50-55% reduction 

in photosynthetic rate in lateral shade-leaves compared to lateral sun-leaves in two different grapevine 

cultivars. In TR vines the yield/pruning ratio showed a higher Ravaz index compared to CT vines, 

specifically 2.40 versus 1.60. This indicates a better balance between the source (leaves) and sink 

(fruits) for the ‘Carricante’ grape cultivar, which is known for its strong vegetative growth, high basal 

fertility, and small bunches. 

5. Conclusions 

The obtained results during 2023 must be considered preliminary and were certainly influenced by 

low rainfall and high temperatures registered in mid-summer, with peaks of over 46 °C, which were 

responsible for premature senescence of basal leaves from primary shoots in both treatments and lack of 

lateral shoots development in CT vines. The TR performed just after the berry set determined a signifi-

cant change in the canopy architecture, characterized by a reduction in annual pruning weight and 

height of the canopy and an increase in the final leaf area (+34%), thanks to lateral shoot development, 

resulting in a most dense canopy. The physiological performance of the TR was similar to that of the 

CT vines, but in the TR vines, this performance from mid-July to grape harvest was guaranteed only by 

the lateral leaves. The yield in the TR vines was unchanged in comparison to CT vines, whereas the TR 

treatment influenced the qualitative traits by reducing the must soluble sugar content and improving the 

total amount of polyphenols. Finally, in comparison to late shoot trimming (last week of August, which 

is the common date in this area) the early shoot trimming, applied just after fruit-set, could represent a 

useful tool to reduce excessive accumulation of sugar in the grapes and consequently high alcohol con-

tent in the wines. In hot and dry environments, this technique can also be used as a tool to delay the 

ripening processes, improving the phenolic maturity and polymerization, which is extremely important 

above all for the red grape varieties. Moreover, this technique is cost effective because it does not 

involve an additional operation, but it is the same standard shoot trimming, only executed 12-13 weeks 

before. Additionally, it is easy to apply because it does not require particular skills. 
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