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Abstract 
Accelerated grape ripening and high wine alcohol content has become a 

widespread problem in various grape growing regions worldwide in the recent years. 
One possibility of adaptation to this situation can be obtained by the use of canopy 
management practices that decrease the leaf area/yield ratio, in order to reduce 
sugar concentration in grapes. The purpose of this study was to assess the effects of 
various leaf area/yield ratios obtained by severe shoot trimming and cluster thinning 
on yield components and grape composition of Vitis vinifera L. ‘Teran’ vines. Two 
different canopy heights (70 and 130 cm), obtained by shoot trimming at the 
beginning of veraison, were combined with cluster thinning by removing 0 or 35% of 
clusters. Leaf area/yield ratio differed considerably among treatments, ranging from 
0.70 for vines with short canopy and no cluster thinning applied to 1.69 for vines 
with high canopy and cluster thinning applied. Severe shoot trimming reduced sugar 
concentration in grapes, while titratable acidity and pH were not significantly 
influenced by the investigated treatments. Total anthocyanins and total phenolics in 
grapes were not negatively affected if severe shoot trimming was combined with 
cluster thinning, while if cluster thinning was not applied, total anthocyanins and 
total phenolics were reduced by severe shoot trimming. It is concluded that wines 
with reduced alcohol concentration and unaffected phenolic composition may be 
obtained by combining severe shoot trimming and cluster thinning, although the 
economic aspect should be considered in this case concerning the yield loss obtained 
by cluster thinning. 
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INTRODUCTION 
The canopy-to-crop equilibrium is an important issue in viticulture since in 

conditions of abundance of sinks the maturation of the grapes cannot be adequately 
completed. This situation is mostly expressed in case of late ripening cultivars and in cool 
climate regions. Kliewer and Dokoozlian (2005) reported that an equilibrated ratio between 
leaf area and yield for single canopy training systems should range between 0.8 and 1.2 m2 
kg-1, and several studies have confirmed the positive effect of cluster thinning in the 
improvement of grape and wine quality in case of over-cropped vines (Bubola et al., 2011; 
Dami et al., 2006; Gatti et al., 2012, 2015; Guidoni et al., 2002). The increase of sugar 
accumulation in grapes is also pushed up by global warming (Jones et al., 2012), a situation 
which arises the question on the necessity to perform cluster thinning in the vineyard. 

Nowadays, one of the issues challenging researchers and viticulturists deals with the 
techniques that can be applied in the vineyard in order to reduce sugar accumulation 
without affecting polyphenolic composition of grapes. Several agronomical practices have 
been proved to reduce the accumulation of sugars in berries and among them the removal 
of the apical leaves at veraison was effective in this regard (Filippetti et al., 2015; Herrera et 
al., 2015; Palliotti et al., 2013; Poni et al., 2013), as leaves located in the apical third of a 
canopy are the most functional during the maturation period, having reached full expansion 
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while still short of senescence (Palliotti et al., 2013). 
Up to now there are no studies on the effects of crop size, cluster thinning and severe 

shoot trimming at veraison on basic maturation and secondary metabolism of ‘Teran’, a red 
grape cultivar grown in Croatia, Slovenia and Italy. Thus, the purpose of this investigation 
was to assess the effects of various leaf area/yield ratios obtained by severe shoot trimming 
and cluster thinning on yield components and grape composition of ‘Teran’ vines. Two 
shoot trimming options were imposed at veraison (short and high canopy), as well as two 
cluster thinning options (0 or 35% of clusters removed), and combined in four possible 
combinations. 

MATERIALS AND METHODS 

Vineyard site and experimental design 
The experiment was conducted in 2012 in a commercial, non-irrigated vineyard 

located near Koreniki (lat. 45°24’N; long. 13°33’E; 60 m a.s.l), in Croatian Istria wine 
growing region, Croatia. ‘Teran’ grapevines (clone ISV-F2) grafted on Vitis berlandieri × Vitis 
riparia ‘420A’ rootstock were planted in 2004 in a luvic, anthropogenized, deep Terra rossa 
soil, with 2% north-west oriented slope. Vines were planted with a spacing of 0.8 m within 
the row and 2.0 m between rows (plant density of 6250 vines ha-1) with rows oriented 
north-south. 

Vines were trained to a vertically shoot-positioned, single-cane-pruned Guyot trellis 
with a bud load of about 8-10 nodes vine-1. The cane was horizontally tied to a basal wire, 
which was positioned 0.7 m from the ground. Three sets of catch wires were positioned 25, 
60 and 95 cm above the cordon, for a canopy wall extending approximately 1.3 m. Shoot 
thinning was performed at grapevine growth stage 14 according to the modified E-L system 
(Coombe, 1995) in order to leave one shoot node-1 and to remove stunted shoots. Regular 
shoot trimming to 130 cm shoot height was performed twice on all vines; at berry set and 
three weeks thereafter. 

Meteorological data were recorded by a Spectrum WD 1650 weather station 
(Spectrum Technologies, East Plainfield, IL) located in the vineyard. Vine phenological 
stages were recorded according to the modified E-L system (Coombe, 1995). 

Two different canopy heights of vines were investigated in this trial: (i) short canopy 
(SC), where total shoot height of 70 cm was obtained by manual shoot trimming of vines at 
the beginning of veraison (31 July 2012) and (ii) high canopy (HC), where vine shoots had a 
height of 130 cm and were not trimmed at veraison. Two canopy heights were combined 
with cluster thinning (CT) or without cluster thinning (NO CT). Cluster thinning was applied 
at the same date as severe shoot trimming and approximately 35% of clusters were 
removed, giving priority to distal ones and to those inserted on weak shoots. A total of four 
treatments resulted from the combination of these practices; canopy height of 70 cm 
without cluster thinning (SC-NO CT), canopy height of 70 cm with cluster thinning (SC-CT), 
canopy height of 130 cm without cluster thinning (HC-NO CT) and canopy height of 130 cm 
with cluster thinning (HC-CT). 

Three adjacent rows were selected to build a randomized complete block design, with 
each row as a block. Within each row, four sections of two post spaces (14 vines plot-1, 11.2 
m row length) were tagged and randomly assigned to the four applied treatments. Three 
post spaces at the beginning of each row were not included in the experiment and were 
used as buffer. 

Leaf area measurement and yield components 
At harvest date of 18 September 2012, eight representative shoots replicate-1 were 

collected and brought in the laboratory in plastic bags. Primary and lateral leaf areas of each 
sample were assessed using a method based on the weight of leaf lamina and on the disc 
technique (Smart and Robinson, 1991). Shoot leaf area was multiplied by the number of 
shoots vine-1 to calculate total vine leaf area. 

All vines were harvested by hand the same day. Yield and number of clusters vine-1 
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were recorded and average cluster weight was calculated. The number of berries cluster-1 
was determined by dividing average cluster weight and average berry weight, while 
subtracting 4.4% from cluster weight to take into account average rachis incidence as 
previously determined for ‘Teran’. 

Berry sampling and fruit composition 
At harvest, parts of the grape clusters (each containing approximately 10 berries) 

were randomly sampled by scissors to represent different positions in the canopy and 
within single clusters until approximately 800 g plot-1 was reached. Samples were 
transported to the laboratory within 2 h from being harvested. The weight of each sample 
was taken and this value added to the yield of the pertinent plot. Berries were cut at the 
pedicel with scissors to form a sub-sample of 200 berries to be used for berry weight and 
the determination of total anthocyanins and phenolics. After weighing, samples were 
immediately stored at -20°C until analysis. The remaining berries (approximately 200 to 
250) were manually pressed at room temperature, and the juice was used to measure juice 
total soluble solids (TSS), pH and titratable acidity (TA). TSS (°Brix) were determined using 
a HR200 digital refractometer (APT Instruments, Litchfield, IL), pH was determined using a 
MP220 pH-meter (Mettler Toledo, Germany), and TA (expressed as g L-1 tartaric acid 
equivalents) was measured by titration with NaOH 0.1 N as recommended by the 
International Organization of Vine and Wine (OIV, 2012). Total anthocyanins and phenolics 
in grape berries were determined according to Iland et al. (2004). 

Statistical analysis 
Data were processed using a one-way ANOVA with randomized blocks (SAS Institute, 

Cary, NC). When differences among treatments were significant, Fisher’s LSD test at p≤0.05 
was used to separate the means. 

RESULTS AND DISCUSSION 
Growing degree days (GDD) from April to September were 1925°C (Table 1). The 

highest GDD was recorded from June to August, a period also characterized by very low 
rainfall (a total of 45 mm). Total rainfall from April to September was 311 mm. 

Table 1. Monthly values (April through September) of growing degree days (GDD) and 
rainfall (mm) recorded at the experimental site. 

 GDD Rainfall (mm) 
April 92 50 
May 198 92 
June 389 28 
July 491 6 
August 461 11 
September 294 124 
April-September 1925 311 

Budburst was recorded on 30 March 2012, with anthesis (50% cap fall) occurring on 
2 June 2012. The onset of veraison was recorded on 29 July 2012, while grapes reached full 
maturity and were harvested on 18 September 2012. 

Both severe shoot trimming and cluster thinning had no significant impact on berry 
weight, although a trend of lower berry weight was observed in severely trimmed vines  
(-7% on average) and, in contrast, a trend of higher berry weight was observed on vines 
with cluster thinning performed (+6% on average; Table 2). The observed variation in berry 
weight is attributed to the modulated assimilate supply for developing berries, as a 
consequence of altered leaf area/yield ratio (Parker et al., 2015). 

As expected, treatments had similar number of berries cluster-1, since this variable 
was determined far before the treatments were applied. SC-NO CT had the lowest cluster 
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weight, which was a consequence of its lowest berry weight in comparison to other 
treatments. Cluster number shoot-1 and vine-1 differ substantially among treatments as a 
direct result of cluster thinning, while shoot number vine-1 was almost the same in all 
treatments. Yield vine-1 was lower in treatments with cluster thinning (-25% on average) 
owing to the reduced number of clusters vine-1, although the yield reduction by cluster 
thinning was lower than the reduction in cluster number vine-1 (-25% vs. -32%, 
respectively). This discrepancy was primarily due to the increase of berry and cluster 
weight after cluster thinning was applied, a reaction to yield mitigation observed also in 
other studies with cluster thinning (Bubola et al., 2011; Gatti et al., 2015). 

Total leaf area vine-1 at harvest was markedly lower in treatments with severe shoot 
trimming (Table 2). Due to large differences in leaf area and yield imposed by shoot 
trimming and cluster thinning, leaf area/yield ratio differed considerably among 
treatments, and it varied from 0.70 m2 kg-1 in SC-NO CT to 1.69 m2 kg-1 in HC-CT. This large 
variation in leaf area/yield ratio among treatments, observed also in another study 
combining shoot trimming and cluster thinning (SŠuklje et al., 2013), was intentionally 
achieved, since one of the main objectives of this study was to assess its impact on ‘Teran’ 
grape composition. 

Table 2. Effect of shoot trimming and cluster thinning on yield components, leaf area and 
leaf-to-fruit ratio of ‘Teran’ grapevines. 

Treatments 
Berry 

weight 
(g) 

Berries 
cluster-1 

Cluster 
weight 

(g) 
Clusters 
shoot-1 

Shoots 
vine-1 

Clusters 
vine-1 

Yield 
vine-1 
(kg) 

Yield 
ha-1  
(t) 

Leaf 
area 
vine-1 
(m2) 

Leaf 
area 

yield-1 
(m2 kg-1) 

SC-NO CT1 1.62 109 184b 1.48a 5.9 8.7a 1.59a 9.94a 1.12b 0.70d 
SC-CT 1.71 115 206a 1.04b 5.8 6.0b 1.24b 7.76b 1.08b 0.88c 
HC-NO CT 1.74 110 200a 1.54a 5.6 8.6a 1.72a 10.72a 2.06a 1.21b 
HC-CT 1.84 111 213a 0.98b 5.9 5.8b 1.23b 7.69b 2.08a 1.69a 
Sign. F2 n.s. n.s. * ** n.s. ** * * ** ** 
1SC refers to short canopy (shoots trimmed to 70 cm), HC refers to high canopy (shoots trimmed to 130 cm), while NO CT and CT 

refer to vines left untreated or cluster thinned, respectively. 
2*and ** denote a significant difference between treatments at P≤0.05 and 0.01 according to within column mean separation 

performed with Fisher's LSD test and shown by letters. ns = not significant. 

The concentration of soluble solids in grapes at harvest was significantly affected by 
investigated treatments; cluster thinning increased °Brix (+3% on average), while severe 
shoot trimming reduced it (-4% on average), leading to the highest concentration in HC-CT 
and lowest concentration in SC-NO CT (Table 3). Differences in °Brix among treatments 
followed the divergence obtained in leaf area/yield ratio, a factor which determines 
assimilate availability for the grapes (Kliewer and Dokoozlian, 2005). Nonetheless, the 
relative differences among treatments in °Brix were substantially lower (ranging from 
22.3 °Brix for SC-NO CT to 23.7 °Brix for HC-CT) in comparison to those obtained in leaf 
area/yield ratio (ranging from 0.70 m2 kg-1 for SC-NO CT to 1.69 m2 kg-1 for HC-CT). In our 
study severe shoot trimming was performed at the beginning of veraison and the response 
of this practice to the reduction of sugar concentration in grapes at harvest were 
comparable to some other studies on severe shoot trimming or leaf removal performed 
more later during maturation, at 12 °Brix (Poni et al., 2013), at 15-17 °Brix (Filippetti et al., 
2015; Palliotti et al., 2013), or when >80% of berries had changed color (Herrera et al., 
2015). 

Titratable acidity and pH were not significantly influenced by the treatments, 
although a trend of lower titratable acidity in treatments with cluster thinning and a trend 
of lower pH in treatments with severe shoot trimming were observed. Likewise, Parker et 
al. (2015) found that titratable acidity and pH were largely unaffected with different leaf 
area/yield ratios, despite the fact that the proportion of crop removed varied from 0 to 75% 
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in their study, leading to high variation in leaf area/yield ratio. 

Table 3.  Effect of shoot trimming and cluster thinning on the composition of ‘Teran’ grapes. 

Treatments 
Soluble 
solids 
(°Brix) 

Titratable 
acidity  
(g L-1) 

pH 
Total 

anthocyanins 
(mg g-1) 

Total 
anthocyanins 
(mg berry-1) 

Total 
phenolics 
(mg g-1) 

Total 
phenolics 

(mg berry-1) 
SC-NO CT1 22.3b 7.9 3.12 1.54c 2.48b 2.20b 3.55c 
SC-CT 22.7b 7.3 3.14 1.67ab 2.85ab 2.36ab 4.02bc 
HC-NO CT 23.0ab 7.5 3.25 1.60bc 2.79ab 2.38a 4.16ab 
HC-CT 23.7a 7.4 3.25 1.72a 3.17a 2.48a 4.58a 
Sign. F2 * n.s. n.s. ** * * * 
1SC refers to short canopy (shoots trimmed to 70 cm), HC refers to high canopy (shoots trimmed to 130 cm), while NO CT and CT 
refer to vines left untreated or cluster thinned, respectively.  

2*and ** denote a significant difference between treatments at P≤0.05 and 0.01 according to within column mean separation 
performed with Fisher's LSD test and shown by letters. ns = not significant. 

The concentration of total anthocyanins in grapes was increased by cluster thinning 
(+8% on average) and reduced by severe shoot trimming (-3% on average; Table 3). A trend 
of higher concentration of total anthocyanins in SC-CT than in HC-NO CT was observed, 
despite the fact that the latter had slightly higher °Brix and significantly higher leaf 
area/yield ratio. Differences in the concentration of total phenolics in grapes among 
treatments followed the same trend of total anthocyanins; higher concentration was 
achieved with cluster thinning (+6% on average) and lower concentration was achieved 
with severe shoot trimming (-6% on average). Larger variation of total anthocyanins and 
total phenolics among treatments were obtained if expressed on berry-1 basis, as a 
treatment with the highest berry weight (HC-CT) had also the highest concentration of total 
anthocyanins and total phenolics, while the opposite was obtained with SC-NO CT. 

Several studies investigated the possibility of late leaf area reduction (during grape 
maturation) to decrease sugar concentration in grapes of red grapevine cultivars In most of 
these studies, where leaf area reduction was performed at later stages of veraison in 
comparison to our study (Filippetti et al., 2015; Herrera et al., 2015; Palliotti et al., 2013; 
Poni et al., 2013), the phenolic composition of the grapes was not negatively affected with 
late leaf area removal. In our study, where leaf area reduction was performed earlier in the 
season (at the beginning of veraison), this outcome was reached only if severe shoot 
trimming was combined with cluster thinning (SC-CT), while in vines with short canopy and 
no cluster thinning applied, the concentration of total anthocyanins and total phenolics 
decreased in comparison to other treatments. The response of the removal of apical leaves 
later in the season, at around 16-17 °Brix as suggested by Palliotti et al. (2013), on basic 
maturation and phenolic composition of ‘Teran’ grapes remains unclear, and this question 
should be addressed in future research. 

CONCLUSIONS 
The results of this study suggest that severe shoot trimming performed at the 

beginning of veraison is an effective canopy management practice in reducing sugars in 
‘Teran’ grapes, and to obtain wines with lower alcohol content. On the other hand, the 
impact of this practice on grape phenolic composition depends on crop level; total 
anthocyanins and total phenolics in grapes are not reduced if severe shoot trimming is 
combined with cluster thinning, while they may be reduced with full crop level. Although 
‘Teran’ wines with decreased alcohol concentration and unaffected phenolic composition 
may be obtained by combining severe shoot trimming and cluster thinning, the economic 
aspect should be considered in this case due to a substantial yield loss as a consequence of 
cluster thinning. 
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SŠuklje, K., Baša CŠesnik, H., Janeš, L., Kmecl, V., Vanzo, A., Deloire, A., Sivilotti, P., and Lisjak, K. (2013). The effect of 
leaf area to yield ratio on secondary metabolites in grapes and wines of Vitis vinifera L. cv. Sauvignon blanc. J. Int. 
Sci. Vigne Vin 47 (2), 83–97. 

96 

https://doi.org/10.1111/j.1755-0238.1995.tb00086.x
https://doi.org/10.1111/ajgw.12115
https://doi.org/%2010.5344/ajev.2012.11118
https://doi.org/%2010.5344/ajev.2012.11118
https://doi.org/10.1111/ajgw.12107
https://doi.org/10.1111/ajgw.12143
https://doi.org/10.1111/ajgw.12132

	Manipulation of ‘Teran’ grape composition with severe shoot trimming and cluster thinning
	Abstract
	INTRODUCTION
	MATERIALS AND METHODS
	Vineyard site and experimental design
	Leaf area measurement and yield components
	Berry sampling and fruit composition
	Statistical analysis

	RESULTS AND DISCUSSION
	CONCLUSIONS
	ACKNOWLEDGEMENTS
	Literature cited

