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ABSTRACT

One measure to mitigate the climate change impact in grape production is the selection
of a higher altitude location for vineyards. In that direction, the aim of this study was to
investigate how does the altitude affects the ampelometric characteristics of the leaves of the
wine grape variety Vranec. Findings demonstrate that the terroir of the specific microlocation
related to the altitude of the vineyard has a mathematically proven influence on the leaf
ampelometric descriptors. This is especially expressed in the vineyard located in Skopje, as a
location with highest vineyard altitude among the studied sites. The research included three
different vineyards located around Skopje, Veles and Gevgelija. According to the obtained
results, the vineyards in Veles and Gevgelija are characterized by relatively similar values and a
noticeable tendency of growth in the vineyard located on higher altitude. Comparative statistical
analysis reveals that the absolute values of the indicators length of vein N1, N2, N3 and N4 in the
vineyard located around Skopje, have higher values compared to the same parameters of the
vineyards in Veles and Gevgelija. In addition, the length petiole sinus to upper lateral leaf sinus
and length petiole sinus to lower lateral leaf sinus from both halves of the leaf in the vineyard
located around Skopje, have higher values compared to the same parameters of the vineyards in
Veles and Gevgelija. However, no significant differences between the size of the angles « and 3
(OIV code 607 and 608) for all vineyard locations were determined in this study.

Key words: Vineyard location, ampelometric characteristics, altitude, Vranec,
ampelometric descriptors.

INTRODUCTION

In the ampelographic characteristic of each variety, the botanical description of the leaf
takes a central place. It is known that by the morphological characteristics of the leaf, each grape
variety which has ever been described can be identified with great accuracy. In distinguishing
the vine as a species, the main organ described by Carl Linnaeus in 1753 was the leaf petiole
(Kovachev 1982). The size and area of the vine leaves have been determined by a number of
authors who consider that its significance as an ampelographic organ is indisputable (Stoev,
Raduchev 1942-1943, Galet, 1967, 1968; Klimenko et al., 1997; Slavcheva 1990; Zhenhua,
Guoguang, 1991). According to Ortiz et al.,, (1990) the measurement of selected leaf parameters
is an effective method for recognizing Vitis biotypes. In the ampelographic methods, computer
systems are increasingly being used to process the obtained experimental data (Schneider,
Zeppa, 1988). The problem of recognizing Vitis biotypes in the existing large varietal diversity
and polymorphism in the vine is substantiated by Sotes et al., (1986). According to Panarina
(1967) the size of the leaves of the same vine varieties varies significantly depending on the
place of cultivation and meteorological conditions. Despite this, certain differences between
them according to given traits are maintained. Troshin et al., (1998) assessed the taxonomic
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relationships between the varieties from V.v.s.p. balcanica Negr. and V.vs.p. meridionali -
balcanica Trosh. based on morphometric characteristics of the leaves and found that there is no
differentiation among Macedonian, Bulgarian and Greek varieties in this group. The aim of this
study is to establish the influence of altitude on the botanical characteristics of the leaf in the
Vranec variety.

MATERIALS AND METHODS

The botanical description of the leaf was carried out over a five-year period with Vranec
vines grown in three regions in R. Macedonia at different altitudes: Gevgelija - 50 m, Veles - 280
m, and Skopje - 595 m. The vines were trained by a bilateral guyot system. To avoid inaccuracies
in the description of the leaf of the variety Vranec, it is accepted as typical leaves to consider
those naturally positioned from the 9th to the 12th node, counted from the base of the cane to
the top of the vine shoots (Bulgarian Ampelography 1990; Bozhinovi¢ 2010; Roychev 2012). All
leaf descriptors were measured, described, and analyzed comparatively according to the
published OIV methodologies (OIV April 2001), CODES shown on (Fig. 1). The obtained
experimental data were mathematically processed using two-factor dispersion analysis modules
and Duncan's criterion with the statistical softer SPSS 17.

Figure 1. OIV Code for leaves ampelographic description.

RESULTS AND DISCUSSION

The multipoint comparative analysis of the ampelometric indicators of the leaf in the
better-developed part of the Vranec variety shows that the length of vein N1 (CODE 601) is
proven to be the longest in the Skopje area - 121.4 mm, compared to Veles - 105.5 mm and
Gevgelija - 100.9 mm (Table 1). Two groups of significance were formed - a and b. The same
applies to the length indicators of petiole sinus to upper and lower lateral leaf sinus (CODES 605
and 606) and the length of vein N4 (CODE 604). The differences in their values are significant.
The trend is also maintained in the length petiole sinus to upper and lower lateral leaf sinus
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(CODES 605 and 606), with their absolute values being closer. No significant differences were
found between the sizes of angles a and 3 between N1 and N2 (CODES 607 and 608), as only one
group of statistical significance was found.

Table 1. Multipoint Comparative Analysis of Ampelometric Descriptors of the Better-Developed

Part of the Leaf in the Vranec Variety

0.1.V. CODE N°¢ and Descriptor

601 602 603 604 605 606 607 608
Mature | Mature | Matur | Matur Mature Mature Mature leaf: | Mature leaf:
leaf: leaf: eleaf: | eleaf: leaf: leaf: angle angle
length length | length | length length length between N1 | between N2
g ofvein | ofvein | ofvein | of vein petiole petiole and N2 and N3
.E N1 N2 N3 N4 sinus to sinus to *measured | measured at
g upper lower at the first the first
lateral lateral leaf | ramification. | ramification
leaf sinus sinus *Code Nos
0OIV 601 and
0IV 602
Gevgelija | 1009b | 89.3b | 63.6b | 39.4Db 46.2Db 43.7b 55.7a 59.8 a
Veles 105.5b | 922b | 643b | 39.2b 53.4a 443b 54.1a 61.0a
Skopje 121.4a | 112.0a | 80.1a | 50.4a 55.2a 54.2 a 55.6a 63.0a

Some variety in variants is observed in the variation of the next two indicators: the y
angle between N3 and N4 (CODE 609) and the angle between N3 and the tangent between
petiole point and the tooth tip of N5 (CODE 610), shown in Table 2. In the first case, leaves from
vines in Skopje and Gevgelija are in one group of significance (a), and in the second - Veles and
Skopije. For the length of vein N5 (CODE 611), the length of tooth of N2, the length of tooth of N4,
and the width of tooth N4, the leaves from the vineyard around Skopje have proven to have the
highest values. Only for the width of tooth N2 there are no significant differences between the
three locations (variants). The leaves in the vineyard around Gevgelija have relatively more
tooth between the tooth tip of N2 and the tooth tip of the firs secondary vein on N2 including the
limits (CODE 616), but the length between the tooth tip N2 and the tooth tip of the first
secondary vein of No2 (CODE617) is longer in the leaves samples from Skopje (Table 3). The
Opening/overlapping of petiole sinus of the leaves are predominantly closed in the leaves from
Gevgelija, while in Skopje and Veles, they are mostly open.

Table 2. Multipoint Comparative Analysis of Ampelometric Indicators of the Better-Developed
Part of the Leaf in the Vranec Variety

0.1.V. CODE Ne and Descriptor

609 610 611 612 613 614 615
" Mature leaf: Mature leaf: Mature Mature Mature Mature Mature
% angle between angle between leaf: leaf: leaf: leaf: leaf:
'5 N3 and N4 N3 and the length of | length of | width of | length of | width of
- measured at the tangent vein N5 | toothof | toothof | toothof | tooth of
first ramification between N2 N2 N4 N4
petiole point
and the tooth
tip of N5
Gevgelija 60.6 a 79.6 a 199b 11.4b 13.8a 8.8¢c 12.1b
Veles 543D 69.3b 19.0b 13.2 ab 14.7 a 99b 12.0b
Skopje 60.6 a 72.5b 24.7 a 14.2 a 14.4 a 119a 143 a
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Table 3. Multipoint Comparative Analysis of Ampelometric Indicators of the Better-Developed

Part of the Leaf in the Vranec Variety

0.L.V. CODE Ne and Descriptor
616 617 618
Mature leaf: number of | Mature leaf: length
*E teeth between the between the tooth
.E tooth tip of N2 and the tip of N2 and the Mature leaf: opening/overlapping
g tooth tip of the first tooth tip of the first of petiole sinus
secondary vein of N2 secondary vein of
including the limits N2
Gevgelija 45a 51.7b -1.8b
Veles 41b 509b 9.1a
Skopje 4.3 ab 599 a 13.4 a

The obtained results show that the studied ampelometric indicators of the leaves from
the vineyard in the Skopje area differ from those in the other two regions. Their absolute values
are most often greater and form a separate group of significance. The multipoint comparative
analysis of the ampelometric indicators of the less developed part of the leaf in the Vranec
variety entirely repeats the outlined trends in their variation depending on the location of the
vineyard (Table 4, Table 5). Some differences in the formed groups and the statistical
significance of the differences are observed only in the depth of the lower lateral incision, the y
angle between the main veins, the length of notch No. 4, and the number of notches between the
lateral main vein and secondary vein No. 2.

Table 4. Multipoint Comparative Analysis of Ampelometric Indicators of the Less-Developed

Part of the Leaf in the Vranec Variety

0.1.V. CODE Ne and Descriptor

602 603 604 605 606 607 608 609
Mature | Mature | Matur Mature Mature | Mature leaf: Mature Mature
leaf: leaf: e leaf: leaf: leaf: angle leaf: angle | leaf: angle
length length | length length length | between N1 | between between
I of vein ofvein | ofvein | petiole petiole and N2 N2 and N3 | N3 and N4
5 N2 N3 N4 sinusto | sinusto | *measured | measured | measured
E upper lower atthe first | atthe first | atthe first
= lateral lateral | ramification | ramificatio | ramificatio
leaf leaf *Code Nos n n
sinus sinus Olve01
and OIV
602
Gevgelija 84.1b 633b | 389b 46.1b 11.0a 55.2a 63.3a 583 a
Veles 915b 649b | 39.1b | 50.5ab 10.0 a 52.6a 60.7 a 53.8a
Skopje 115.5a 80.0a | 49.7a 56.0 a 10.0a 55.7 a 63.4a 60.5a
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Table 5. Multipoint Comparative Analysis of Ampelometric Indicators of the Less-Developed

Part of the Leaf in the Vranec Variety

0.L.V. CODE Ne and Descriptor

610 611 612 613 614 615 616 617
Mature Mature | Mature | Mature | Mature | Mature | Matureleaf: | Mature leaf:
leaf: angle leaf: leaf: leaf: leaf: leaf: number of length
between length | length width length width teeth between the
N3 and of vein | oftooth | of tooth | of tooth | of tooth | betweenthe | tooth tip of
the N5 of N2 of N2 of N4 of N4 tooth tip of N2 and the
tangent N2 and the tooth tip of
.E between tooth tip of the first
= petiole the first secondary
= ) .
3 point and secondary vein of N2
the tooth vein of N2
tip of N5 including the
limits
Gevgelija 79.8a 19.1b 109b 13.7 a 8.8b 12.0b 4.7 a 51.0b
Veles 69.7b 189b | 124ab | 14.6a 9.7b 12.1b 4.2a 50.7b
Skopje 72.4b 24.2 a 13.8a 14.2 a 11.7 a 139a 4.2a
CONCLUSION

Soil and climatic factors related to the altitude of the terrain have a mathematically
proven influence on the ampelometric characteristics of the leaf of Vranec variety, manifested by
an increase in their size in the Skopje area. In the vineyards around Gevgelija and Veles, they are
characterized by relatively close values and a noticeable trend of increase in higher-altitude
terrain.

According to the multipoint comparative analysis, the absolute values of the indicators
such as the length of vein N1 (CODE601), the length of vein N3 (Code 603), the length of vein N4
(CODE 604), the length of petiole sinus to upper and lower lateral leaf sinus (CODE 605,606) on
both halves of the leaves in the vineyard around Skopje, have higher values for the same
parameters measured for the leaves in the vineyards in Veles and Gevgelija. There are no
significant differences in the size of the angles between N1 and N2 (CODE 607) and angle
between N2 and N3 (CODE 608).
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