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Introduction

The producing vine area, the total wine production and wine consumption
of the world have considerably decreased in the last two-three decades.
Parallel with the decreasing wine consumption, the demand for the table
wine decreased and it increased for the quality wine. The changes of the
vine and wine sector forced the research and the practical application of
certain viticultural, enological techniques, that are improving the grape and
wine quality.

The applicable means for improving quality are restricted in case of a
historical wine region as Tokaj. The narrow circle of the applicable
cultivars and wine making technologies, the limited area of grape land in
addition to the regulation of the wine region concerning the yield have put
up the value of some viticultural operations, which are positively affecting
the grape quality, while lowering the yield.

The two major cultivars of the Tokaj wine region, the Furmint and the
Hérsleveli, are generally known as high yielding cultivars, their base buds
can hold two or even three clusters, as well. The clones of the mentioned
cultivars utilized nowadays can be characterized by higher average cluster
weight than the basic cultivar (BENYEI and LORINCZ 2005). The marks
of the overproduction (high yield, depressed shoot elongation, lower soluble
solid and higher titratable acid content of the juice) can be noticed in some
years even with the application of low bud and shoot load. To moderate the
effect of the year it is required to optimize the reproductive and the
vegetative production of the vine. In that case the reduction of the cluster
number during the vegetation period can be advisable. Due to its
advantages, the fruit thinning, one of the special types of the viticultural
techniques, stands in the limelight and it is being utilized in a few vineyards
of the wine region.

With the application of the fruit thinning, the number of the clusters the
highest consumers of the assimilates are modified, this way directly and
indirectly effecting numerous physiological pathways (intensity of the
photosynthesis, translocation of assimilates) of the vine. While modifying
the reproductive parts of the vine with fruit thinning, the vegetative
productivity of the plant is also effected. The reduction of the number of
clusters led to an increasing vigor of the shoots (WINKLER et al. 1974).
Due to the effect of the thinning the pruning weight (BRAVDO et al. 1984,
1985a, 1985b, FISCHER et al. 1977), the length of the internode (MILLER
et al. 1997), the size of the leaf plate (EDSON et al. 1993) and the leaf area
index (LAI) (SMITHYMAN et al., 1998) can be increased.

The reduction of the cluster load creates a positive influence on the ripening
of the cane (REYNOLDS et al.1996), which makes an impact on the
tolerance of the vine for environmental stresses as excessive cold
temperature at winter (STERGIOS and HOWELL 1977). Namely the stress,
e.g. the drought tolerance of the vine can be increased by the cluster
thinning (PONI et al. 1994).

Utilizing cluster thinning, the crop load does not decrease proportionally
with the reduction of the number of the clusters, since the cluster weight
(FEREE et al. 2002), the berry weight (OUGH and NAGAOKA 1984)
increase, in addition the bud fertility improves, as well, due to the favorable
circumstances at the bud differentiation (CARBONNEAU 1996).

The lesser or greater reduction of the yield leads to larger leaf area per unit
fruit weight (KLIEWER and DOKOOZLIAN 2005), and lower
yield/pruning weight (Y/P) ratio (MORRIS et al. 2004). According to
BRAVDO et al. (1984) this ratio decreases even if the yield has not
changed significantly.

A great number of researchers reported that the reduction of the number of
clusters has caused advantageous changes in the characteristics of the juice
and the wine. The most apparent particularity is that the sugar content of the
juice frequently increases with the thinning (CARBONNEAU et al. 1977,
FERREE et al. 2002, 2004, MAJER and GYORFFY-JAHNKE 2005,
WERNER and LORINCZ 2002), and the titratable acidity of the berries
decreases (AMATI et al. 1994). OUGH and NAGAOKA 1984 reported that
also the a-amino nitrogen content of the juice increases with the severity of
the crop reduction. According to the results of HEPNER and BRAVDO
(1985) with the application of thinning the potassium increases and the
calcium, magnesium decrease in the fruit.

The research of CORDNER and OUGH (1978), BRAVDO (1984) has
proven the positive effect of the cluster thinning on the quality of the juice
and the wine by the results of the wine tasting, as well.

According to the available, mostly international publications the
reproductive and vegetative performances of the vine were modified in
different degree, sometimes in different direction by the changes of the time
and the severity of the operation. Based on the reviewed articles general
instruction or “recipe” can not be concluded in connection with the exact
time and severity of the operation. The advisable time and the severity of
the treatment should be worked out in case of every site considering the
cultivar and the target of the production.



The aim of the research was to determinate the optimal time and severity of
the cluster thinning of the Furmint and the Harslevelii cultivars, in Tokaj
wine region examining the following aspects:

e The effect of the time and the severity of the thinning on the
vegetative growth.

e The stress tolerance of the vine with the determination of the
antioxidant protecting system, the peroxidase and the polyphenol
oxidase enzyme activity and total phenol content of the tissues of
the cane. The effects of the time and the severity of the cluster
thinning on the value of the mentioned indices.

e The effect the time and the severity of the thinning on the balance
of the vegetative reproductive organs of the vine.

e The effect of the time and the severity of the thinning on the yield
and the quality of the fruit.

e The effect of the time and the severity of the thinning on the wine
quality.

Material and methods

The experiment was carried out from 2002 to 2004 in the vineyard of
Tokaj-Hétszo16 Ltd., 5 kms to the West from Tokaj, Hungary. The plot is
situated on 180 m latitude, the soil is volcanic based loess with low humus
content.

The examined cultivars were the Furmint (Vitis vinifera L.) and the
Haslevelt (Vitis vinifera L.) on the rootstock Teleki 5 C. The vines were
spaced 1 m (between vines) x 1.8 m (between rows) and trained to royat
cordon. Low bud load (3,3 bud/m?) and low shoot load (10-12 shoot/vine)
was uniformly obtained in all three years of the investigation.

Fruit thinning was used at four phenological stages: berry set, cluster closer,
veraison and ripening and two levels of severity: light, leaving 1 cluster/
bearing unit (max. 6 clusters/vine) and sever, leaving 1 cluster/shoot (max.
12 clusters/vine). During the thinning operation the second and the third
clusters of the shoot were always eliminated. Each treatment consisted of
25 vines and replicated three times. The treated vines were compared with
the unthinned, control vines.

The vines were examined applying the method of CSEPREGI (1992),
determining the total number of shoots, the number of bearing shoots, the
number of clusters, the value of the absolute fertility coefficient (number of
clusters/number of bearing shoots), the relative fertility coefficient (number

of clusters/total number of shoots) and the bud fertility coefficient (number
of clusters/number of buds reminded after pruning).

The LAI (leaf area index) was indirectly determined by utilizing Accupar
Decagon instrument.

During the ripening period the berry weight was measured by scales.
Examining the juice the soluble solid was determined by densitometer, the
titratable acid was determined by 0,1 n sodium-hydroxide titration , the pH
was determined by Radelkis pH.-meter instrument and the yeast assimilable
nitrogen by the method of DUKES and BUTZKE (1998). At harvest time
the number of clusters per vine was counted, the yield was weighted and
based on the mentioned parameters the average cluster weight was
calculated. At harvest time the element content was determined by ICP-
OES instrument and the free amino acid was determined by ion exchange
chromatographic method from the juice samples collected.

In the dormant period the pruning weight, the diameter and the length of the
5™ internode was recorded. At the biochemical examination of the canes the
peroxidase enzyme activity was determined by the method of SHANNON
et al. (1966), the polyphenol oxidase enzyme activity was determined by the
method of JEN and KAHLER (1974) and the total phenol was determined
by the method of SINGLETON and ROSSI (1965).

The fruit was processed in the all three years of the experiment and wine
was made in microvinification. The wines were analyzed after the first
racking. The alcohol and total extract were determined by the densitometry
assay of the distilled wine, residual sugar was determined by the method of
Schroll, the titratable acid was determined by with 0,1 n sodium-hydroxide
titration, the pH was determined by Radelkis pH.-meter instrument and the
total phenol was determined by the method of SINGLETON and ROSSI
(1965). The fine composition of the wine (element, free amino acid
composition) was determined similarly to the case of the juice.

The experimental wines were assessed by an 11-member committee. Wine
quality was determined on 0 to 20 score system.

Ministat® software was used for data analysis. The data of the three years of
experiment of each cultivar were analyzed by two-way (timing x severity)
analysis of variance (ANOVA).



Results and discussion
Growth

The Furmint and the Harslevell vines have reacted to cluster thinning by an
increasing vegetative growth. The thinned Furmint vines produced 40%
higher pruning weight than the control in the three years average. Similar
effect of the treatment was registered by the examination of the cane
diameter. However the pruning weight of the Harsleveli was more
equalized in all of the years of the experiment, but the pruning weight
increased significantly (average 14 %) due to the crop reduction. The cane
diameter of the Harsleveli cultivar remained unaffected.

The amount of the available portion of carbohydrates for the production of
the vegetative organs increased, which could be recorded in larger pruning
weight and leaf area index. Not only the relative, but even the absolute
quantity of the assimilates translocating toward the remained consumer
organs (shoot tips, old woody parts, roots) could increase, improving the
carbohydrate supplement of the whole plant.

The time and the severity of the thinning had no significant influence on the
vegetative growth of the vine.

The biochemical assessment of the canes

The activity of the peroxidase and the polyphenol oxidase enzymes and the
phenol content of the canes collected on the same date were significantly
different on the applied treatments. The determination of activity of the
stress enzymes and the quantity of the product of the secondary
metabolisms were concluded to be a suitable method to follow the stress
impact of the vines during the dormant period. The activity of the
peroxidase and the polyphenol oxidase enzymes of the Harsleveld cultivar
decreased with the cluster thinning. The decrease of the activity of
peroxidase enzyme in the cane of the severly thinned vines reached an
average 50% compared to the control in 2003. Similar tendencies were
recorded in case of the activity of the polyphenol oxidase enzyme in 2004.
The high activity of the enzymes can indicate higher sensitivity for stress
factors, or even stress situation. The results of the assessment of stress
enzymes can also indicate that the fruit thinning has a positive effect on the
plant hardiness.

Yield

The absolute, the relative and the bud fertility coefficient of the vines
increased with the cluster thinning. Greater fertility of the buds and shoots
were recorded in the following year in case of the Furmint cultivar, which
seems to be sensitive for overproduction when severe thinning was obtained
at early phenological stage. Similar tendencies were noticed on the
Hérsleveli cultivar after three years continuous undercropping. The buds of
both productive vine cultivars treated contained average 0,5 clusters more
than the control vines. The overcropping of the these very productive vines
can continue to the years following the thinning, which is advisable to
manage with higher severity of yield reduction.

The cluster weight increased significantly by the reduction of the clusters.
The heaviest clusters were registered on the early and severly treated vines.
In 2004 the average bunch weights of the mentioned treatments were
approximately 450g in case of both cultivars, while clusters of the control
vines remained under 350g. The explanation of the phenomena on the
Furmint vines can be led back to the increasing berry weight. The berry
weight of the early thinned vines was 25% higher than the control.

The yield of the Furmint did not decreased proportionally with the
decreasing number of clusters. 61% reduction of the cluster number caused
50% reduction of the yield, while 36% reduction of the cluster number
caused 20% of yield reduction in the three years average. The statistical
survey did not prove any difference between the yield of the light thinned
vines and the control in the three years mean. Higher yields were noticed on
the vines of the early thinned treatments, while managing similar cluster
number/vine. The vines thinned at berry set and cluster closer stage could
catch up the loss of the crop reduction. Only in 2004 were similar
tendencies registered on the Harslevelii vines. In the three years average the
yield decreased by the same proportion as the cluster number.

Vegetative-generative balance of the vine

The leaf area per unit fruit weight has increased significantly by the fruit
thinning in case of both examined cultivars. The leaf area/fruit weight ratio
was 30% greater, when one cluster was left per every shoot and the ratio
was 100% greater, when one cluster per bearing unit was developed.

The yield per pruning weight ratio decreased significantly by the thinning in
each case. The ratio was over 14 in the three years average on the untreated
vines of the Furmint cultivar, which was reduced by the light thinning



treatments to 7 and by the severe treatments to 5. The Y/P ratio of the
untreated Harslevell vines was 7,1 in the three years average. By the effect
of light thinning the ratio was reduced to 5, while applying severe thinning
the ratio was reduced to 3.

The Y/P ratio of the examined cultivars decreased parallel with the
decreasing number of clusters, while the time of thinning had no significant
effect on the ratio.

The optimal range of the Y/P ratio is between 2 and 5 under the ecological
circumstances of Hungary (BENYEI et al. 1999). According to BRAVDO
et al. (1984) the signs of the overcropping appear clearly, when the ratio is
over than 10. Based on the value of the Y/P ratio, the untreated vines of the
Furmint cultivar turned out to be highly overloaded in the three years
average. To optimize the balance between the vegetative and the
reproductive organs severe thinning had to be used. Based on the Y/P ratio,
even the untreated Harslevell vines did not prove to be overcropped. The
optimal Y/P ratio was achieved by utilizing even the light thinning.

The quality indicators of the crop and must

The sugar contents of the juice of the Furmint and the Harsleveld cultivars
were favorably effected by the cluster thinning. The sugar content of the
juice increased with the severity and decreased with the lapse of date of the
thinning. The soluble solid content of the juice was 16% higher in case of
Furmint and 14% higher in case of Harsleveli than the control, when severe
thinning was used until cluster closing. The differences among the
treatments can be led back to the absolute and relative quantity of the
carbohydrates translocating from the old woody parts towards the berries at
the stage of veraison. The sugar content of the juice increased by the
thinning, even if the yield did not decrease.

Based on the results of the three year experiment, on the basis of the
valuation of sugar content, the fruit of the severly treated vines, thinned to
one cluster at berry set and cluster closer stage, exceeded the quality
standard of the base of the high quality wine of Tokaj. The differences
between the vintages concerning the sugar content of the juice can be
moderated by the application of early and severe thinning. In that case 23,8
Ref% soluble solid content was recorded in the three year average and the
deviation was only £0,3 Ref% from 2002 to 2004.

However the sugar content of the juice of Harslevelii cultivar was
significantly modified by the treatments, but the differences between the
vintages were just slightly lessened.

The effect of the time and the severity of the thinning on the titratable
acidity of the juice have not been clearly proven in the recent experiment.
The absolute value of the titratable acidity was considerably influenced by
the vintage year. However in most case the titratable acidity of the juice
changed oppositely to the sugar content of the berries. Based on the results
of the experiment, the titratable acid content of the juice can dramatically
drop by the effect of the early (berry set and cluster closer stage) thinning in
dry years. In the recent study the titratable acidity of the juice dropped
under 6 g/l in 2003.

The a amino nitrogen and the total yeast assimilible nitrogen content of the
juice increase with the fruit thinning, improving the circumstances of the
alcoholic fermentation through the supplement of the yeast strains.
Similarly to the sugar content of the berries, the highest value o amino
nitrogen and the total yeast available nitrogen were registered in the juice of
the early and the sever treated vines. In case of the Harsleveli cultivar the o
amino nitrogen content of the juice of the severe treated vines, thinned until
cluster closer was 12% greater than the control ones.

The total free amino acid, the arginin and the prolin content of the juice
decreased by the severity and the date of thinning. In case of Harsleveld,
30% greater prolin and arginin content were recorded in the juice of the
severe treated vines thinned at berry set, than the control. There was a close,
positive linear correlation (R*= 0,87) registered between the arginin and the
o amino nitrogen content of the juice of the Furmint cultivar. The reported
observation should practically be taken into consideration by the nutrition
of the yeast strains during the fermentation, if the fruit is healthy and free of
noble rot or Botrytis infection.

The juice of the early and severly treated vines contained higher value of
numerous macro and micro elements, as magnesium, which also improves
the circumstances of the alcoholic fermentation. The potassium content of
the juice expressed similar tendencies, which has a feed back effect to the
titratable acidity and the pH of the juice. By the effect of the tartrates
formation, the titrabale acidity decreases and the pH increases. The highest
value of boron was recorded in the juice of the severe treated vines, thinned
until cluster closer stage. There was a positive linear correlation (R*= 0,92)
noticed between the sugar and the boron content of the juice of the
Harslevelii cultivar.



Wine quality

Based on analytical and organoleptical results, the quality of the wine was
improved by the cluster thinning. In 2004, by the effect of the thinning, the
sugar and acid free extract content of the wine was 20% higher than same
of the untreated ones. At the same year the quality scores of wine of the
thinned vines reached 1,8 points more, than those of the control ones. The
effect of the time and severity of the treatments on the quality of the wine
were more moderate than expected.

The modifying factors of the effect of the thinning

The meteorologically different years had meaningful influence on the
recorded parameters of the experiment.

However, as a result of the experiments it can be stated that the results of
the Furmint and Harslevelii do not differ from each other only in absolute
values, but even their reactions to the effects of the thinning were of
different scale, in some cases even of different directions, although these
cultivars were grown on the same plot, on the same plantation structure and
they are in close taxonomical relation.

New scientific achievements

1. Based on the results of the investigation the severe fruit thinning
leaving one cluster and carried out between berry set and cluster
closer phenological stage (from mid June to end of July) was
favourable for the vegetative growth of the Furmint and the
Hérsleveli cultivar. In that case the pruning weight and the
diameter of the 5™ internode was even 40% greater than the control
in some cases. Moreover, in case of the severe thinning completed
until cluster close, the sugar, the o amino nitrogen, the total free
amino acid, the arginin, the total element, the potassium, the
magnesium, the calcium, the phosphorus, the boron contents of the
juice, in addition to the quality scores of the wine, were the highest.
At the same time the yield of the roots treated as mentioned was
reduced by 10% less than it was calculated from the reduction of
the clusters number.

2. By the effect of the thinning completed between berry set and

cluster closer, the Y/P ratio has also decreased even, if the yield has
not changed significantly. In three years average, due to the
thinning there was a close to 50% decrease of the Y/P ratio, which
led to the optimization of the balance of the vegetative and
reproductive organs. Greater sugar content of the juice was noticed
by the effect of the higher proportion of the vegetative organs. The
increase of the sugar content of the juice exceeded an average of
8% compared to the control.

According to my results the determination of the peroxidase and the
polyphenol oxidase enzyme activity and phenol content of the cane
could be a suitable method to follow the stress impact of the vines
during the dormant period. The peroxidase and the polyphenol
oxidase enzyme activity of the cane of the thinned vines were 50%
lower than the control in case of the Harsleveli cultivar.

Similarly to the a amino nitrogen, the total assimilable nitrogen
content in the juice of the thinned vines was approximately 10%
higher than that of the unthinned ones. The a amino nitrogen in the
juice of the Furmint and the Hérsleveli cultivars was mainly
determined by the quantity of the arginin. The juice of the severe
treated vines thinned between berry set and cluster closer stage had
the highest arginin content.

The total element, the potassium, the magnesium, the calcium, the
phosphorus and the boron content of the juice of the Furmint
cultivar increased considerably by the severity and decreased by the
later date of the thinning. The juice of the severe treated vines,
thinned until cluster closer stage contained approximately 100%
more magnesium, calcium and phosphorus content than the juice of
the control ones. There was a significant positive linear correlation
registered between the sugar and the boron content of the juice of
the examined cultivars.

Based on the results of my experiment a different sensitivity for
cropping of the Furmint and the Harsleveli cultivars was
concluded. The vines of the Harslevelli cultivar presented a
satisfactory vegetative growth, even in case of high crop load. In
2004 the pruning weight was a satisfactory 3,1 tons/ha at yield of
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26,3 tons/ha. The Y/P ratio remained under 10, indicating that the
ratio of the vegetative and the reproductive organs of the vines did
not reach the critical value. Meanwhile moderate effect of the
thinning was recorded on numerous indices. The sugar content of
the juice proved to be the most apparent, whereas the juice of the
severe treated, early thinned vines was only 1,5 Ref% greater than
the control.

The Furmint cultivar turned out to be more sensitive to crop load
than the Harslevelii. In the good 2004 the untreated Furmint vines
produced 26,3 tons fruit/hectare, while only 1,4 tons/hectare
pruning weight was recorded. The Y/P ratio of the control vines
was an average of 15,6, which presents that the vines were highly
overcropped. The balance between the vegetative and the
reproductive organs was optimized by cluster thinning, which also
presented in the higher sugar content of the juice. In 2004 soluble
solid content of the severe treated vines, thinned at cluster closer
was 25% higher than that of the control ones.

Conclusions and suggestions

However the vegetative growth was stimulated by the thinning treatment,
but crowded, dense canopy was not observed as a result of the early and
severe thinning. The size of the leaf area and the pruning weight were
mainly determined by the meteorological conditions of the year. The
practice of the canopy management (number of trimming) is chiefly
depending on the factor of the year.

The severity of the thinning should be stipulated as cluster/shoot or
cluster/bearing unit, if the vines are royat cordon trained and the base buds
of the cultivar are fertile. In this manner the number of the clusters per vine
could be correctly forecasted and the outcome is independent of the year
and the cultivar.

However low (3,3 bud/m?®) bud load and also low (10-12 shoot/vine) shoot
load is obtained, the Furmint and the Harslevelii have the potential to
produce three times higher yield (26 tons/hectare in recent study) from a
year to another, with negative effects on numerous characteristics of the
vine. In certain years the yield reduction of the vines of the two major
cultivars of Tokaj wine region is essential within the vegetation period. The
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cluster thinning could be a suitable method to achieve the balance between
the vegetative and the reproductive organs of the vine.

Based on the vegetative growth, the biochemical measurements of the cane,
the examined parameters of the fruit and wine quality of the examined
cultivars, the cluster thinning is advised to be performed between berry set
and cluster closer stage (from mid June to end oJuly).

The Y/P ratio of the untreated vines of the Furmint cultivar was highly over
than the critical value of 10. In case of Furmint the optimization of the
balance between the vegetative and the generative organs can be obtained
by applying severe thinning to one cluster in certain years. In this manner
the quality of the juice and wine and the vegetative performance of the root
will increase with the decreasing number of clusters remained on the vines.

Based on the results of the experiment, in case of the vines of Harslevell
cultivar the light thinning, leaving one cluster/shoot could be successfully
utilized. The value of the pruning weight of the control vines was
satisfactory (3,1 tons/ hectare), even if the yield was 26,1 tons/hectare. The
Y/P ratio was not greater than 8,5 during the three years of the research.
Although high yield was recorded, the assimilate supply of the clusters was
still decent. The sugar content of the juice increased moderately with the
decreasing number of clusters remained.
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