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Abstract 

Although different operations are applied in the cultivation of both wine grape and table 
grape varieties, the purpose is to produce healthy crop having the desired quality values, 
with the least possible amount of pesticide applied. Environmental risks and climate 
change are also becoming increasingly important issues in sustainable agricultural 
management. Early defoliation and girdling as precision phytotechnical methods can 
be used to implement the requirements of environmental consciousness and to achieve 
adequate grape quality parameters in wine making and table grape growing. Early 
defoliation of the cluster zone increases berry quality and reduces the possibility of rot 
infection by changing the microclimatic environment around the cluster and improving 
berry skin resistivity (Poni et al. 2006; Pastore et al. 2013). 
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Introduction 

Apparently, attaining optimal quality parameters of juice and physical quality of berry 
is the aim of both wine and table grape growing. In practice this means that we want 
to influence such parameters of wine grapes that will be decisive in the winemaking 
process, such as sugar content, anthocyanin and phenolic concentration. On the 
other hand, in the case of table grapes, marketability is the main factor, which is 
highly influenced by consumer demand. Therefore, the market value of table grapes 
is mainly influenced by berry size, firmness, color and taste. The desired parameters 
of both grape types are determined primarily by the variety of the grape, the terroir 
and the climate and, not least, by the viticulture practices, use of plant chemicals and 
the agro- and phytotechnical operations applied (Gabura, 2018). The practice of 
using precision phytotechnical operations has an increasing importance in conscious 
quality grape-growing worldwide, although they are less known in Hungary and 
related scientific studies are quite sparse. 

Due to the nature of the vine, one of the most important viticultural tasks is 
to establish vine balance in order to adjust the optimum yield with the adequate. 
This is a multi-step, labor intensive process that lasts from winter pruning to the 
harvest of the bunches. Following the appearance of the shoots, canopy management 
can contribute to obtaining the desired fruit quantity and quality by adjusting the 
proportion of vegetative and generative organs. These parameters depend on the 
optimal carbohydrate balance of the leaves and shoots from growing to ripening 
(Mota et al. 2009, Frioni et al. 2017). A significant number of phytotechnical 
treatments are generally applied to maintain the optimal proportion of vegetative 
and generative plant parts (e.g. pruning, shoot thinning) (Bényei et al. 1999). Other 
lesser known types of phytotechnical treatments include the special or precision 
procedures that can improve the quality parameters of the grape by modifying the 
formation and further development of the flowers and fruit clusters through affecting 
the reproductive activities of the plant (Bényei et al. 1999).  

A plant organ can be either source or sink during assimilate partitioning. In simple 
terms about the relations of the assimilate transport between the sink and source 
organs are effected by the ratio of leaf to yield ratio (sink-source relations) (Conde 
et al. 2007). For example, the ratio of the leaf area as assimilate source will become 
greater by cluster thinning than the bunches. Therefore, excessive crop load can be 
prevented and enhanced grape quality can be achieved (Mota et al. 2009). Some 
methods such as cluster thinning or girdling operate by changing the distribution 
ratio of the assimilates produced by the photosynthesis can enhance maturation and 
thus their use is quite essential in cool-climate regions (Frioni et al. 2017) 

These special canopy management methods can rarely be mechanized and, due to 
the time consuming nature of manual labor, are only applied in wine grape cultivation 



109Precision canopy management of the grapevine: early defoliation and girdling

in special cases and for specific production purposes, while some of them can be 
essential in the case of table grapes (Lőrincz-Barócsi, 2010). These viticulture practices 
can be manual/mechanical, meaning that certain parts of the plant are removed for a 
positive result, or chemical, when phytotechnical hormones are used to stimulate the 
growth and maturation of the bunches (Lőrincz-Barócsi, 2010). The latter method is 
common practice with seedless grape varieties. Exogenous application of gibberellic 
acid during flowering reduces the berry set and a repeated application of the hormone 
increases the berry size during the development (Roper-Williams, 1989).  

The role of special canopy management techniques is increasing under extreme 
environmental conditions due to climate change. It is well known, that water 
deficit and high air temperature increase phenolic grape maturity, however sugar 
concentration become also high in the berries (Cohen et al., 2008, 2012; De Orduna 
et al. 2010; Villangó et al. 2016). Therefore, the optimal use of different viticultural 
techniques (including canopy management) may help to balance fruit maturity 
(Poni et al, 2006; Palliotti et al. 2014). 

Special phytotechnical practices in cool climate regions 

Table grape growing is quite difficult in Hungary – as compared to the Mediterranean 
countries – because of the cool climate conditions. The annual precipitation and 
humidity distribution is irregular, the weather during the growing period (from May 
to October) is warm, but sometimes at the beginning of October the early frosts can 
stop the ripening process in the case of late maturity varieties (eg. Italia, Afuz Ali). 
Humidity in late August and September causes several fungal diseases in grapes, and 
chemical defense not always possible because of the withdrawal period of chemical 
products used in food production. Some special phytotechnical operations such as 
defoliating and girdling can be applied as an environmentally friendly method for 
improving grape quality. 

Early defoliation 

Early defoliating of the cluster zone increases berry quality and reduces the possibility 
of rot infection by changing the microclimatic environment around the cluster and by 
improving berry skin resistivity (Poni et al. 2006; Pastore et al. 2013); however, this 
method is not commonly used in Hungary. Implementation of this method involves 
removal of leaves in the cluster zone or defoliating basal leaves, which can produce 
different results based on the timing of the treatment. Early defoliation (timing before 
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anthesis or berry set) by removing the basal leaves reduces the carbohydrate supply 
of the bunches and thereby results in insufficient berry set. The clusters will be less 
dense, with a smaller number of berries, compared to the control vines (Poni et al. 
2006; Diago et al. 2010; Sabbatini-Howell, 2010). In order to achieve such positive 
effects as yield reduction, loose clusters and higher sugar concentration, defoliation 
should be applied at least four weeks after blooming (Sabbatini-Howell, 2010) 

Changes in yield and cluster structure have been confirmed by several studies 
(Diago et al. 2010; Tardaguila et al. 2010; Fazekas, 2012; Gabura, 2018). The decline 
in yields caused by early defoliation is primarily due to lower cluster weight (Pastore 
et al, 2013). According to a study made in two consecutive year both mechanical 
and manual pre-bloom defoliation resulted in lower yields, smaller bunches and less 
berries per cluster compared to the control, whereas only mechanical defoliation 
produced results when applied at anthesis (Diagoe et al. 2010), and total leaf area 
was similar to that in the controls as a result of post-leaf regeneration, and greater 
resistance to botrytis infections was observed (Diagoe et al. 2010).  

Comparison of the results of several studies shows that early defoliation does not 
produce an equable change in the berry weight of different varieties. Tardaguila et al. 
(2010) found a decrease berry weight on Graciano variety, while the weight of the 
berries increased as a result of the early defoliation on Carignan variety. Berry weight 
decreased in the case of defoliated Kékfrankos, while it increased as a result of the 
treatment in the Turán variety (Fazekas, 2012). However, other studies reported that 
the experiment did not effect any changes in the berry weight of Pinot noir (Lee-
Skinkis, 2013) or Tempranillo (Diago et al. 2010).  

Besides yield decrease, positive changes occur in juice quality as a result of the 
treatment. The sugar content increased and the titratable acidity declined in the 
examined varieties as the result of early defoliation (Poni et al. 2006; Pastore et al. 
2013, Gabura, 2018). According to studies, the decrease of acidity can often be 
cultivar-specific, as in the case of the Vignoles variety (Sabbatini-Howell, 2010), or 
in Kékfrankos and Turán there were no significant changes (Fazekas, 2012).  

Increased light exposure and better leaf area fruit weight ratio may also affect 
the polyphenol and anthocyanin content of grapes. Higher light intensity produces 
more phenolic compounds in the plant through enhancing the enzymatic activity 
(Zanathy, 2003). Wines will be deeper in color and longer in taste, owing to the 
defoliation (Lőrincz-Barócsi, 2010). Several studies reported that defoliation 
increased the amount of phenolic compounds. Total polyphenol and anthocyanin 
content increased on Graciano variety due to early defoliation in two consecutive 
years (Tardaguila et al. 2010), and both compounds increased significantly on Turán 
variety (Fazekas 2012) and also on the Tempranillo variety (Diago et al. 2012) 
as a result of the treatment. Intrigliolo et al. (2014) came to similar conclusions 
concerning the Mandó grape variety (Gabura, 2018).  
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The timing of leaf removal is also decisive in achieving the expected results. Lee 
and Skinkis’s (2013) experiment revealed that the anthocyanin content of the grape 
crop increased the most if the defoliation was applied during flowering, compared to 
the control and vines which that defoliated in another phenological phase (e.g. grain-
pea size or bunch closure) (Gabura, 2018). Application of leaf removal from pre-
bloom vines increased the anthocyanin content, compared with the control (Poni et 
al. 2006), while treatment at veraison resulted in a reduced amount of anthocyanin 
on Sangiovese variety (Pastore et al. 2013). 

A general inconvenience in cool climate vine growing is that the dry and warm 
growing season, which provides optimal ripening conditions, is relatively short and 
the increased precipitation in autumn often results in the rotting of mature or ripening 
bunches. The frequency and extent of gray rot depends greatly on the microclimate 
of the cluster zone, temperature, wind velocity, humidity and leaf moisture (Lőrincz-
Barócsi, 2010, Gabura, 2018). Early defoliation contributes positively to both 
the environmental and internal factors, thus reducing the incidence of botrytis 
infection. This can be explained by a looser cluster structure due to a poor berry set 
and, on the other hand, by the thickening of the cuticule layer of the berries that 
initially developed under greater light exposure (Zanathy, 2003; Lőrincz-Barócsi, 
2010; Gabura, 2018). These beneficial effects were showed by Diagoe et al. (2012) 
when high levels of rainfall caused serious infections in control vines, but the early 
defoliation reduced the botrytis infection in the Tempranillo variety significantly. 
The degree of infection is also reduced by defoliating at veraison (Pastore et al. 2017). 

Girdling at veraison 

Girdling means removing a small section of bark (3-6 mm) from the trunk, a bunch 
or shoot of a woody plant. Usually it is done with a special girdling tool which does 
not harm the cork of the plant. The wound on the phloem behaves as a physical 
barrier in the way of assimilates and hormones from leaves to roots, consequently 
inducing their accumulation; while water and minerals can be transported from roots 
to leaves without any obstacle. The carbohydrate supply, auxin and ABA quantity 
increases, and the cytokinine level decreases above the girdled wound. 

Different timings of girdling resulted in different positive effects on berries; 
during anthesis it improves berry set, especially in seedless cultivars; after berry set it 
improves berry size (Dokoozlian et al. 1995; Brar et al. 2008; Soltekin et al. 2015, 
2016). Effects of accelerated maturity and enhanced, balanced colouring of the grape 
berries can be achieved by girdling at veraison. Girdling causes earlier harvest dates 
(Keskin et al. 2013; Soltekin et al. 2015 and 2016; Basile et al. 2018) by 6-15 days 
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(Soltekin et al. 2016) and this can be favourable in cool climate vineyards. Girdling 
executed at the beginning of veraison on table grapes can accelerate the colouring 
of the berries (Yamane-Shibayama, 2006; Yamane et al. 2010; Koshita et al. 2011). 
The finding that girdling caused enhanced maturity in grapes was supported in 
several studies by lower acidity and higher sugar content values of the treated berries 
(Yamane and Shibayama, 2006; Keskin et al. 2013; Soltekin et al. 2015 and 2016).  

Girdling at veraison may cause accumulation of several components in plants 
above the ringing of the phloem including clusters, and thus it results in improved 
maturity (Roper-Williams, 1989; Yamane-Shibayama, 2006; Koshita et al. 2011; 
Abu-Zahra and Salameh, 2012; Keskin et al. 2013; Ferrara et al. 2014; Soltekin 
et al. 2015.) The impact of girdling is commonly evaluated by berry or cluster size 
parameters and changes in total soluble solids (Zabadal, 1992; Abu-Zahra – Salameh, 
2012, Ferrara et al. 2014; Soltekin et al 2015, 2016) or increasing Brix values and 
total extractable polyphenols (Basile et al, 2018). Relatively few studies investigate 
the effect of girdling on wine grapes. Peduncle girdling in the Shiraz wine grape 
variety in warm climate did not significantly alter the volatile compounds of the wine 
(Böttcher et al. 2018). 

Girdling causes assimilate accumulation above the ring wound with higher leaf 
water potential due to stomatal closure. Presumably the ABA concentration induced 
a decreased stomatal activity (Düring, 1978), similarly to the effect of water deficit 
(Zsófi et al. 2008). Similar results were found by Ezzahouani and Williams (2001) 
and a reduced net CO2 assimilation rate was observed above the girdling (Roper and 
Williams, 1989). 

Girdling can be an effective complement to other methods. Combined use with 
cluster thinning is an effective agronomical technique to enhance berry quality (Basile 
et al. 2018) and it can also increase the berry weight (Zabadal, 1992). Application of 
the method during anthesis or berry set with exogenous growth hormones is common 
in the case of seedless cultivars, because the gibberellin production of the plant is not 
sufficient to achieve berry size. (Zabadal, 1992; Williams-Ayars, 2005, Zhang et al. 
2003; Reynolds-Savigny, 2004; Abu-Zahra, 2010, Abu-Zahra – Salameh, 2012). 

Conclusion 

In summary, early leaf removal has positive effects on crop quality by limiting yield and 
increasing phenolic compounds, while looser cluster structure and thicker cuticule 
layer formation as a result of defoliation reduces the risk of botrytis infection. This 
method is adequate for producing high quality red wines with increased anthocyanin 
and phenolic compounds. Girdling applied at veraison can be effective in cool climate 
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table grape growing, as the method accelerates the ripening process and increases the 
nutritional values of the grape. However, research on the effect of girdling is still 
sporadic in the case of wine grapes.  
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