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Abstract
Three different trunk heights (75cm, 100cm, and 125cm), two grapevine training systems (vertical shoot position-
ing–shaped and Y-shaped) were compared for their effects on yield, cluster characteristics, and must composition in
Vitis vinifera L. cv. Karaerik in Erzincan, Turkey. We hypothesized that, compared to vines trained with wall-shaped
support systems, vines trained with Y-shaped support systems would have better yield, cluster characteristics, and must
composition. Average yield regulations imposed by Y-shaped support system–trained vines are usually higher than for
vertical shoot positioning–shaped support system–trained vines, but similar results were obtained for total cluster number,
cluster and berry weight, pruning weight, titratable acidity, maturation index, and total soluble solids among the trunk
heights over the 3-year period. Our results suggest that the trunk heights were insufficient to induce a grow-limiting
response of vines, as trunk-height vines did not have lower fruit set, cluster characteristics, must composition, or bud
fruitfulness. Although acceptable grape quality was obtained from three different trunk heights and two grapevine training
systems, Y-shaped support system–trained vines had greater total soluble solids at the expense of higher grape yield. We
may, therefore, recommend Y-shaped training systems because the anticipated crop yield increases of this system were
logistically superior to an earlier training system. They are also recommended if the anticipated canopy structures of a
training system are desired as a crop-regulation tool alternative to the Baran training system.
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Introduction

Every vine trellis/training system and trunk height displays
a typical canopy structure, which in turn determines the
microclimate quantity and quality within the canopy profile
(Gladstone and Dokoozlian 2003). Indeed, the yield poten-
tial of a vine depends upon its trellis/training system and/or
trunk height. Many biological processes that occur depend
on the canopy characteristics of vines, such as bud differen-
tiation, total vine photosynthesis, wood maturity, and fruit
ripening, and are indeed closely related to the development
of seasonal canopy (Poni et al. 1993; Kalkan and Keskın
2018; Kaya 2020a). Additionally, improper use of trellis/
training systems could cause very different interactions be-
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tween the surrounding environment and the leaf canopy,
affecting the ratio of mature to young leaves, the spatial
distribution of leaves, and canopy management (Dokoozlian
and Kliewer 1995a). This situation may lead to inefficient
vineyard design in low-vigor situations and in excessive
fruit zone shading under vigorous conditions (Dokoozlian
and Kliewer 1995b). Therefore, the way to maximize the
performance of a vine is to balance the amount of fruit
development with the amount of energy-producing parts
(leaves) of the vine, and this could be possible by the use
of a suitable training system (Kalkan et al. 2017).

Knowledge of how vines respond to different trellis/
training systems and trunk heights will result in better con-
trol of vegetative growth and disease, greater yield, higher-
quality clusters, optimization of the leaf area to fruit ratio,
and better must composition (Reynolds and Heuvel 2009;
Karadoğan et al. 2018; Kaya 2019). Due to the position-
ing of the bearing units, the trellis height, and the type of
pruning, the amount of leaf area that may be continuously
exposed to the sun and its photosynthesis is an important
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consideration in the selection of a trellis/training system.
Research has confirmed the effects of all of these on de-
velopment, vine growth, and yield. Generally, it has been
found that not only quality but also growth and yield are
directly proportional to the ratio of exposed leaf area to
crop load. It was found that 7–14cm2 of total leaf area
was required for the ripening per gram of fruit in clusters
(Howell 2001). However, this situation is significantly af-
fected by environmental factors, and higher rates may be
needed, especially in cool-climate viticulture, so that im-
portant physiological functions such as crop ripening, bud
differentiation/initiation, wood and bud maturation, carbo-
hydrate storage, and tolerance to cold can all occur with
the available exposed leaf area (Howell 2001; Reynolds
and Heuvel 2009; Kaya 2020b). Therefore, trellis/training
systems are extremely important for maintaining the shoot,
leaf, and reproductive organ balance of the vines in vine-
yard regions with cool climates.

Erzincan province is a cool region and is the most im-
portant grape-growing area of the northeastern Anatolian
region of Turkey. The vines have been grown with the tra-
ditional Baran system, which is a prostrated system (Kaya
and Köse 2017; Rende et al. 2018). For Baran-trained vines,
the trunks are generally less than 0.3m to 0.2m high. It has
been observed that the Baran vine-training method is the
most commonly used of all available systems in this re-
gion. There are many negative reasons for the dominance
of the Baran-training system: It is relatively very laborious
to install and implement, and it is not suitable to vine-
yard mechanization, which is a big advantage at a time
when increases in labor input and production costs per acre
are ever present. Furthermore, between-row spacing, in-row
vine spacing, and canopy height can all vary a great deal
within the Baran-training system, and both spur-pruning
and cane-pruning techniques could be difficult within its
confines, resulting in a narrower range of canopy archi-
tecture. However, yields and grape quality with this sys-
tem are quite variable across the region, depending upon

Fig. 1 Grapevine training sys-
tems. a Y-shaped support sys-
tem with three different trunk
heights. b Vertical shoot posi-
tioning–shaped support system
with three different trunk heights

seasonal conditions, site, and altitude. As with other cold
or cool growing regions, there are concerns regarding ex-
cessive shading, insufficient photosynthesis, susceptibility
to diseases, and uneven fruit ripening if canopies are not
managed accordingly. Even so, many studies have found
that the use or modification of different training systems
to achieve balance between vine yield and vigor leads to
the ability to improve fruit quality through a combination
of improved fruit and canopy microclimate (Smart et al.
1985a, b; Reynolds and Heuvel 2009).

The objective of the work described here was to compare
the cluster architecture and berry maturity, yield compo-
nents, and canopy architecture response of Karaerik grape
cultivar to three different trunk heights (75cm, 100cm, and
125cm), two different support systems (vertical shoot posi-
tioning [VSP]-shaped and Y-shaped), and bilateral cordon
training systems throughout the entire growing season and
to determine the factors that affect the performance of each
system.

Materials andMethods

Experimental Design and Treatments

The experiment was conducted during the 2012–2014 grow-
ing seasons using 8-year-old Karaerik grape cultivar (Vitis
vinifera L.). The vineyard was located in Erzincan, Turkey
(lat. 39° 45006.54N; long. 039°21036.79W), at an altitude of
1309m. The lowest annual average temperatures for 2013,
2014, and 2015 were –3.6°C, –0.5°C, and –2.8°C, re-
spectively, whereas the highest average temperatures were
23.4°C, 23.4°C, and 25.6 °C, respectively. Considering the
precipitation values in the working years in the vineyard
area, these values were measured as 57.6mm, 60.4mm,
and 70.3mm, respectively, for the years 2013, 2014, and
2015. All vines were established own-rooted vines, trained
to a bilateral spur-pruned cordon with the shoots verti-
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cally positioned, and support systems on vines were de-
signed in Y-shaped and VSP-shaped trellis configurations
(Fig. 1). Row spacing and vine spacing were 3.0m and
2.0m, respectively, with rows oriented north–south. Three
trunk heights with the same vine spacing and pruning level
were used: three-bud spurs pruned bilaterally and cordon-
trained at 0.75m, 1.0m, and 1.25m above ground, vertically
shoot-positioned, and two 12-bud canes and two three-bud
spurs retained on VSP-shaped and Y-shaped support sys-
tem–trained vines. Using these three different trunk heights
and two different support systems, each system and trunk
height were replicated four times using six vine plots.

Yield, Cluster Characteristics, andMust Composition

Four shoots per vine (at E-L stage 18–19) were randomly
chosen and labeled (Coombe 1995). Berry maturity was
measured weekly from veraison (E-L stage 35) (Coombe
1995) until harvest for each system and trunk height. At har-
vest, grape clusters were collected from the labeled shoots
of each vine, and the total cluster number and yield for
each vine were recorded. The clusters were weighed with
an electronic balance immediately after sampling to de-
termine average cluster weight. All berries were then ex-
cised from the pedicel and were immediately weighed with
an electronic balance (model C-600-SX; Cobos, Barcelona,
Spain) to determine average berry weight. The berry sam-
ples were then crushed by hand in plastic bags to extract
the juice. For each measurement, 100 berries per treatment
and per replicate were randomly sampled. Then the juice
was centrifuged at 4000 rpm for 7 min (Hettich Zentrifugen,
Universal 320, Germany) and was used for measurements
of titratable acidity (TA), maturation index (MI-Brix), and
total soluble solids (TSS). Total soluble solids were mea-
sured with a digital refractometer (BRX-242 Erma, Tokyo,

Table 1 Influence of two train-
ing systems and three trunk
heights on yield (kg/vine) of
Karaerik

Year Trunk
height (cm)

Training system

Y-shaped system VSP-shaped system Mean

2012 75 9.61 7.18 8.39

100 8.75 8.45 8.60

125 8.88 8.55 8.71

Mean 9.10A* 8.06B Cv:12.52 LSD:0.91
2013 75 11.62 8.47 10.05

100 10.27 9.75 10.00

125 11.37 10.30 10.83

Mean 11.09A* 9.51B Cv:17.43 LSD:1.55
2014 75 10.07 8.42 9.24

100 11.12 10.31 10.71

125 10.34 9.12 9.73

Mean 10.51A* 9.28B Cv:13.21 LSD:1.14

VSP vertical shoot positioning, LSD least significant difference
*Indicates significance between training systems at the 1% level

Japan). Maturation index and TA were determined by an au-
totitrator, and must samples were analyzed for TA by using
0.1M NaOH, (G20S, Mettler Toledo, Switzerland). Harvest
was conducted when TSS reached approximately 17 °Bx for
Karaerik, based on typical commercial harvest levels. The
pruning weight of each system and trunk height replicate
were calculated by weighing pruned shoots during pruning
in spring by using a dynamometer. Additionally, the prun-
ing weight of each replicate was determined by weighing
pruned shoots by using a dynamometer after leaf fall.

Design and Statistical Analysis

The experiment was established in randomized blocks ac-
cording to factorial design with three replicates. Data were
analyzed as a wholly randomized design with four repli-
cates. Statistical analysis was performed using two-way
analysis of variance to assess whether there were significant
differences between trunk heights for each support system
parameter. Least significant difference (LSD) was applied
at the 1% level for post hoc tests to assess differences be-
tween trunk heights for each support system parameter. All
statistical analyses were performed using JMP statistical
software (version 7.0, SAS Institute, Cary, NC, USA).

Results and Discussion

Although yield per vine during harvest was similar among
the trunk heights, average yields for support systems var-
ied significantly. Significant differences in average yield
per vine were obtained from grapes produced in the
Y system and grapes produced in the VSP system dur-
ing 2013–2015 (Table 1). Canopies positioned with the
VSP system had a lower average yield than canopies posi-
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Table 2 Influence of two train-
ing systems and three trunk
heights on mean cluster number
(total clusters/vine) of Karaerik

Year Trunk
height (cm)

Training system

Y-shaped system VSP-shaped system Mean

2012 75 22.33a** 16.94b** 19.63

100 20.08ab 18.19a 19.13

125 18.54b 18.58a 18.56

Mean 20.31A* 17.90B Cv:11.55 LSD:1.35
2013 75 20.92 16.75 18.83

100 18.60 17.95 18.27

125 19.95 18.10 19.02

Mean 19.82A* 17.60B Cv:18.37 LSD:1.86
2014 75 17.32 15.05 16.18

100 18.97 17.40 18.18

125 18.42 15.30 16.86

Mean 18.23A* 15.91B Cv:12.52 LSD:1.86

Lowercase letters represent differences between trunk height. Capital letters represent differences between
training system
VSP vertical shoot positioning, LSD least significant difference
* and ** indicate significance between training systems and trunk heights at the 1% and 5% levels, respec-
tively

tioned with the Y system, with values ranging from 9.51,
9.28, and 8.06kg.vine–1 for VSP vines to 11.09, 10.51, and
9.10kg.vine–1 for Y vines, respectively, over all 3 years
(Table 1). In the Y support system, the leaves on the shoot
may have been exposed to less shade compared to the VSP
support system. Indeed, the distribution pattern of the leaf
region exposed to the sun may be more pronounced in
Y-positioned systems compared with VSP-positioned sys-
tems, with a localized leaf area density exposed to sunlight
being generally lower in the VSP-positioned systems. It
has been also reported that the orientation of the canopy
to the sun could be correlated with the amount of light
intercepted by the canopy, canopy architecture and the per-
centage of interior and exterior leaves, which is determined
by training systems and row orientation (Freeman et al.
1992). It was determined in studies that arranging vines in
certain positions to alter the leaf area for increased sun-
light exposure of the perennial wood and shoots optimizes
sunlight interception, resulting in increased yield potential
and positive leaf area–to-yield relationships (Reynolds and
Heuvel 2009).

There were no significant differences in total cluster
number for each vine among trunk heights each year, ex-
cept for the 2012 season. Trunk height of 75cm in the
Y-support system had the highest cluster number per vine,
whereas trunk height of 125cm in Y-support system vines
had the lowest cluster number per vine during the 2012 pe-
riod. In contrast, the number of clusters per vine of trunk
height for 75cm in the VSP-support system was found to
be lower than for vines of trunk height of 125cm during
the 2012 season. There were significant differences in the
number of average clusters per vine between the Y-support
and VSP-support systems in 2012, 2013, and 2014. Differ-

ences between support systems with the highest and lowest
numbers of average clusters per vine were 2.41 (total clus-
ters/vine) in 2012, 2.22 (total clusters/vine) in 2013, and
2.32 (total clusters/vine) in 2014 (Table 2). This decrease
would be expected because the VSP-support systems al-
lowed for narrower canopies, with an associated decrease
in exposed leaf area per meter of row, while the position
of the shoots and cordons provided for less space at the
top of the trellis. On the other hand, the Y-support systems
allowed for wider canopies, with an associated increase in
exposed leaf area per meter of row, while the position of the
shoots and cordons provided for more space at the top of
the trellis. Thus, elimination of internal canopy shading of
the Y-support system of narrower vines through horizontal
canopy expansion may lead to an increased cluster number
per vine due to increased photosynthesis products through-
out the season. As might be expected, it has been reported
that enhancement of canopy length and volume per acre
increased yields by 40% to 90% because of an increase in
bud fruitfulness and in buds per vine (Shaulis et al. 1966).
These results imply that the Y-support system could im-
prove the cluster number per vine and, therefore, improve
yield by improving bud fruitfulness and subsequent flower
bud initiation. The authors suggest that the manner in which
a specific training system incorporates trellis to effectively
accommodate vine vigor and capacity is important because
of effects on microclimate and, consequently, fertility and
photosynthesis (Smart et al. 1990).

In this study, trunk heights did not significantly affect av-
erage cluster or berry weight, TA, MI, or TSS in the 2013,
2014, or 2015 seasons (Tables 3, 4, 5, 6, and 7). Average
cluster and berry weights were not influenced by either sup-
port system in the 2013 and 2014 seasons but were slightly
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Table 3 Influence of two train-
ing systems and three trunk
heights on mean cluster weight
(g) of Karaerik

Year Trunk height
(cm)

Training system

Y-shaped system VSP-shaped system Mean

2012 75 431.30 439.07 435.18

100 435.12 489.52 462.32

125 479.57 457.47 468.52

Mean 448.66 462.02 Cv:7.78 ns
2013 75 538.02 526.03 613.58

100 577.34 546.08 601.42

125 557.61 573.85 637.61

Mean 557.61 548.5 Cv:13.54 ns
2014 75 581.78 558.88 570.33

100 588.21 591.26 589.74

125 562.77 595.44 579.10

Mean 577.59 581.86 Cv:4.33 ns

VSP vertical shoot positioning, ns nonsignificance between training systems

Table 4 Influence of two train-
ing systems and three trunk
heights on mean berry weight
(g) of Karaerik

Year Trunk height
(cm)

Training system

Y-shaped system VSP-shaped syste Mean

2012 75 5.12 5.49 5.31

100 4.87 5.05 4.96

125 5.12 4.77 4.95

Mean 5.05 5.11 Cv:6.73 ns
2013 75 6.55 6.40 6.47

100 6.10 6.34 6.22

125 6.87 6.57 6.72

Meas 6.50 6.43 Cv:6.62 ns
2014 75 5.75 5.88 5.81

100 6.08 5.68 5.88

125 5.75 5.55 5.65

Mean 5.86 5.70 Cv:6.71 ns

VSP vertical shoot positioning, ns nonsignificance between training systems

Table 5 Influence of two train-
ing systems and three trunk
heights on mean titratable acid-
ity (%) of Karaerik

Year Trunk height
(cm)

Training system

Y-shaped system VSP-shaped system Mean

2012 75 0.74 0.71 0.725

100 0.73 0.77 0.750

125 0.68 0.77 0.725

Mean 0.71 0.75 Cv:7.55 ns
2013 75 0.69 0.73 0.71

100 0.79 0.74 0.77

125 0.69 0.78 0.74

Mean 0.73 0.75 Cv:16.46 ns
2014 75 0.75 0.76 0.76

100 0.78 0.73 0.76

125 0.66 0.78 0.72

Mean 0.73 0.76 Cv:10.81 ns

VSP vertical shoot positioning, ns nonsignificance between training systems
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Table 6 Influence of two train-
ing systems and three trunk
heights on mean total soluble
solids (oBrix) of Karaerik

Year Trunk height
(cm)

Training system

Y-shaped system VSP-shaped system Mean

2012 75 17.75 17.83 17.79

100 17.87 17.65 17.76

125 18.25 17.36 17.80

Mean 17.96 17.61 Cv:4.83 ns
2013 75 17.11 17.23 17.19

100 16.70 16.83 16.76

125 17.72 17.40 17.56

Mean 17.18 17.16 Cv:5.53 ns
2014 75 17.18 16.47 16.82

100 16.67 16.95 16.81

125 17.37 16.67 17.02

Mean 17.07 16.69 Cv:3.32 ns

VSP vertical shoot positioning, ns nonsignificance between training systems

Table 7 Influence of two train-
ing systems and three trunk
heights on mean maturation
index (ratio) of Karaerik

Year Trunk height
(cm)

Training system

Y-shaped system VSP-shaped system Mean

2012 75 23.77 25.09 24.43

100 24.61 22.98 23.79

125 27.05 22.56 24.80

Mean 25.14 23.54 Cv:11.42ns
2013 75 25.19 25.36 25.23

100 21.50 23.32 22.41

125 25.80 22.60 24.20

Mean 24.16 23.76 Cv:17.79 ns
2014 75 23.09 22.07 22.58

100 21.67 23.41 22.54

125 26.53 21.44 23.98

Mean 23.76 22.30 Cv:12.5ns

VSP vertical shoot positioning, ns nonsignificance between training systems

decreased in the 2012 season (Tables 3 and 4). Additionally,
the MI and TSS of berries were not impacted by the type of
support system (Tables 5 and 6). These results are similar
to those obtained by Falcao et al. (2008), where significant
differences were not found in the TSS or Brix measurement
of Cabernet Sauvignon grapes grown in Y-support systems
and a VSP trellis. Auvray et al. (1999) also reported no
differences in final TSS values for berries grown using dif-
ferent systems. It was reported by Baeza et al. (2005) that
in the 1990 and 1992 seasons, there were significant dif-
ferences in the TSS of Tempranillo grapes grown in four
training systems, but not in the 1991 season. Although there
were no statistical differences between the support systems
with regard to the MI of the berries, the overall maturation
in the Y-support system vines was higher than for the VSP-
support system vines in the 3-year period (Table 7). Differ-
ences between support systems with the lowest and highest
sugar concentrations were 0.17 (for 75-cm trunk height) in
2013 and 5.09 (for 125-cm trunk height) in 2012 (Table 7).

In particular, 125-cm trunk height vines in the Y-support
system had the highest sugar concentration in the 3 years
for which significant differences were recorded, consistent
with the assumption that wider surface area results in higher
sugar concentrations. On the other hand, Baeza et al. (2005)
reported that berries with higher surface area values had no
tendency toward higher Brix measurements, suggesting that
the surface area ceases to be a decisive factor after a cer-
tain value and that the solids then become dependent on
other factors, such as yield. Indeed, there were no differ-
ences in yield levels between trunk heights in our 3-year
study. In this case, yield does appear to influence final Brix
degree in the berries with both trunk height and support
systems. As a matter of fact, previous studies have shown
that increase in yield reduces sugar concentration, but dif-
ferent training treatments that result in lower yields also
result in higher TSS, despite times with a delay in ripen-
ing (Byrne and Howell 1978; Cawthon and Morris 1977;
Wolpert et al. 1983; Morris et al. 1985; Reynolds et al.
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Table 8 Influence of two train-
ing systems and three trunk
heights on mean pruning weight
(kg) of Karaerik

Year Trunk height
(cm)

Training system

Y-shaped system VSP-shaped system Mean

2012 75 1.94 1.78 1.86

100 2.15 1.80 1.98

125 2.25 1.91 2.08

Mean 2.11A* 1.83B Cv:7.45 LSD:0.12
2013 75 2.25 2.09 2.17

100 2.28 2.02 2.20

125 2.54 2.15 2.35

Mean 2.36A* 2.09B Cv:10.8 LSD:0.22
2014 75 2.48 2.08 2.28

100 2.50 2.19 2.35

125 2.49 2.28 2.39

Mean 2.49A* 2.18B Cv:8.12 LSD:1.86

VSP vertical shoot positioning, LSD least significant difference
*Indicates significance between training systems at the 1% level

1995; Murisier 1996; Wolf et al. 2003; Karadoğan and Ke-
skin 2017). In parallel with our results of Y-shaped support
system–trained vines, Auvray et al. (1999) did not observe
differences in the final Brix values of vines with the highest
yields attaining the highest TSS values, due to more abun-
dant and better foliage growth. It has been reported that the
training system did not have an important effect on cluster
or berry characteristics, though an overload yielded fruits
with the lowest sugar contents (Morris et al. 1985). How-
ever, it is generally known that decreasing the yield of vine
per hectare is an effective method of increasing the sugar
content in berries (Byrne and Howell 1978; Wolpert et al.
1983; Murisier 1996; Peterlunger et al. 2002). Our results
recorded higher Brix values for the Y-shaped support sys-
tem with partly higher average yields per vine, which could
be explained by the slightly higher TSS value obtained for
Y-shaped support system–trained vines because they had
the larger surface area.

No significant relationship in titratable acidity was found
between either the trunk heights or the two different sup-
port systems over the 3-year period (Table 5). It is reported
that berry ripening is delayed in systems with the high-
est pruning levels (Reynolds et al. 1995), but in our study,
an equal number of buds were allowed on each vine dur-
ing pruning for both trunk height and support systems, and
so the acidity level in the trunk height and support sys-
tems were found to be similar. However, significant dif-
ferences in TA levels have been reported, with higher lev-
els in the juice of grapes from the bush, trellis, and lyre-
trained vines as opposed to single-curtain and Geneva dou-
ble-curtain vines (Auvray et al. 1999). Baeza et al. (2005)
also reported that the acidity level in the vertical shoot-
positioned system was similar to that for the single cur-
tain, high bush, and short bush systems. On the other hand,
no significant differences in pruning weight were observed

among trunk heights, but there was a significant difference
in average pruning weight between support systems over
the 3-year period. The Y-shaped support system vines had
significantly higher average pruning weights than the VSP-
shaped support system vines (Table 8). Pruning weights
of the vine, expressed as kilograms per meter of canopy
length, are widely used to determine whether vines are well
balanced, i.e., having neither too much growth nor too lit-
tle (Shaulis 1982; Smart and Robinson 1991). The average
pruning weight per meter in the Y-shaped support system
vines was found to be 0.35kg in 2012, 0.39kg in 2013,
and 0.42kg in 2014, whereas in the VSP-shaped support
system vines it was 0.30kg in 2012, 0.34kg in 2013, and
0.36kg in 2014 (Table 8). It has been shown that values
of 0.3–0.6kg pruning weight per meter of canopy length in
a vine are usually considered to be in the optimal range for
canopy density and microclimate (Shaulis 1982; Smart and
Robinson 1991). If we accept that the published values of
pruning weight per meter of canopy length within the range
of 0.3–0.6kg are indicative of well-balanced vines, our data
show that a pruning weight per vine of 0.3kg (VSP support
system) to 0.4kg (Y-support system) was required for fruit
maturation and that differences between support systems
were mainly due to variations in canopy surface area per
unit weight of pruning.

Conclusions

There are several remarks to be made regarding weaknesses
and advantages of the assessment of three different trunk
heights (75cm, 100cm, and 125cm) and two different sup-
port systems (VSP-shaped and Y-shaped) of canopy struc-
ture after a 3-year period. There were no significant dif-
ferences in yield, total cluster number (except for the 2012
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season), cluster or berry weight, pruning weight, TA, MI, or
TSS for each vine among trunk heights over the 3-year pe-
riod. Even though there was a significant difference in yield
and pruning weight per vine in terms of Y-shaped and VSP-
shaped support system–trained vines, other evaluations of
the vines showed no significant differences in total cluster
number, cluster or berry weight, TA, MI, or TSS. Those
results were not unexpected, since a few researchers have
indicated that Y-trained vines have a higher percentage of
their shoot position and/or leaf area at light saturation than
VSP-trained vines. In general, 125-cm trunk-height trained
vines had a clear advantage over the other trunk-height
trained vines, as the high grape yield was guaranteed by
photosynthetic efficiency and large surface area. The VSP-
shaped support system–trained vines presented lower vege-
tative development, resulting in less leaf region exposed to
the sun, making it less efficient. Based on our results, both
support systems and all trunk heights achieve high expo-
sure at lower leaf area densities or shoot number compared
to Baran-trained vines (nonpositioned systems) in the re-
gion. In summary, to reduce potential shading and leaf area
density within the canopy interior and to obtain better crop
quality, we recommend that it would be more appropriate
to use the of Y-support system trained with 125-cm trunks
and giving up the Baran system in the region.
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