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Abstract
KOK, D. and E. BAHAR, 2015. Effects of different vineyard altitudes and grapevine directions on some leaf
characteristics of cv. Gamay Vitis vinifera L. Bulg. J. Agric. Sci., 21: 320–324
This study was carried out in Ucmakdere Village of Sarkoy County in Tekirdag province of Turkey using cv. Gamay in the course
of 2009 growing season. In this research, three levels of vineyard altitude (i.e., low, mid and high) and four different directions of
grapevine (i.e., north, south, east and west) were assessed in terms of their effects on some leaf characteristics of cv. Gamay. Based
on responses of cv. Gamay to different vineyard altitudes and grapevine directions, strong altitudinal relationships were found out
in examined characteristics, including leaf area, stomatal density, stomata length and stomata width. The research results revealed
that leaf area and stomatal characteristics were variously affected by vineyard altitudes and also collecting directions of leaves from
grapevines. It was observed in research results that leaf stomatal density and stomata length increased with rising vineyard altitude,
but leaf area and stomata width reduced with elevating vineyard altitude, regardless of grapevine directions.
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Introduction
Vitis vinifera L. is temperate climate species and the main
areas of grape growing are situated between the latitudes of 30°
and 50°N and between 30° and 40°S, which approximating to
10–20°C isotherms. Moreover, towards this equator, viticulture
can be limitedly performed in areas with higher altitudes under
tropical climate zones. Altitude, which is one of the important
factors for viticulture can be a limiting factor to successful grape
growing (Mullins, 1992).
Plants grown at high altitude are exposed to reducing in air
temperature, atmospheric pressure, increasing light intensities,
precipitation and wind velocity (Friend and Woodward, 1990;
Köerner, 2007); so they must have developed mechanisms, by
which to prevent damage caused by chilling, by freezing or by
photo destruction. As a consequence, plant species display a
wide range of morphological variations along altitudinal gradients (Oleksyn et al., 1998; Köerner, 2003) and alter especial*E-mail: dkok@nku.edu.tr; demirkok52@hotmail.com

ly their vegetative growth (Kaska and Kargi, 2007), leaf area
(Rost et al., 1984; Fischer, 2000), stomata number (Köerner
et al., 1986) and stem and shoots (Balasuriya, 1999; Fischer,
2000) to adapt in different conditions.
Wolfe (1993) stated that among the plant leaf characters
and climate relationships, leaf size is one of the best understood and leaf size has been strongly correlated with environmental variables such as soil nutrient level, moisture availability and temperature (Dolph and Dilcher, 1980a; Dolph
and Dilcher, 1980b; Wilf et al., 1998; Wolfe, 1993). Leaves
on plants of the same species were found to be larger in warm
cloud forest habitat, but leaf area decreased at higher elevations where it was much cooler (Ferguson, 1985). As stated,
these trends in changing leaf size with altitude are associated
with the correlations between leaf size and climatic variables.
Stomata are pore-like structures located on the leaf surfaces of virtually all vascular, terrestrial plant leaves and are
responsible for the uptake of photosynthetic CO2, as well as
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for the potentially detrimental water loss from inside the leaf
(MacDonald, 2002).
Although stomatal parameters are speciﬁc for a particular
species, they are affected by multiple ecological factors such
as altitude gradient (Beerling and Kelly, 1996), atmospheric
CO2 concentration (Van de Water et al., 1994), temperature,
light, irradiance and wind (Lockheart et al., 1998).
Reports concerning inﬂuences of altitude on stomatal characteristics of plants are inconsistent. For example, some studies report a tendency for higher stomatal density with altitude
(Woodward, 1987). Reports of other research indicate fewer
stomata at high elevations (Schoettle and Rochelle, 2000) or
no changes in stomatal density (Köerner et al., 1989). Despite
the fact that the pattern and frequency of stomata on any leaf
surface are under tight genetic control, they may be modiﬁed
by environmental parameters (Premoli and Brewer, 2007).
The aim of present study is to ﬁnd out whether various
directions of grapevines grown at different altitudes differ in
terms of some leaf characteristics.

Materials and Methods
Site description and plant material
The study was conducted in three commercial vineyards
situated at three different altitudes (180, 280 and 405 m
above sea level) in Ucmakdere Village of Sarkoy County of
Tekirdag province in Turkey during the vegetation period of
2009. This region is one of the most important wine producing regions in Turkey and vineyards in here are generally
situated at heights ranging from 110 to 500 m a.s.l.
All vineyards’ altitudes and co-ordinates are summarized
in Table 1 and mean values of some climatic characteristics
Table 1
Vineyards altitudes and coordinates
Vineyard
level
Low altitude
Mid altitude
High altitude

Vineyard altitude
m a.s.l.
180
280
405

Vineyard
co-ordinate
35T 0529386 UTM 4517320
35T 0529448 UTM 4517091
35T 0529237 UTM 4516543
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belonging to Sarkoy County were also given in Table 2 (Bahar et al., 2010).
In present research, Gamay, which is a famous wine
grape cultivar and well adapted to growing conditions of
Sarkoy County was used for research material. Grapevines
of cv. Gamay were grafted onto Rupestris du Lot rootstock
and trained to a goblet system with no trellis at spacing of
1.6 x 1.6 m.
Measurement and counting performed in research
At the end of research, some leaf characteristics such
as leaf area (cm2), stomatal density (no.mm–2), stomata
length (μm) and stomata width (μm) were determined for
cv. Gamay. For this purpose, it was paid attention to leaves
from 6th nodes at shoots from different directions (i.e., north,
south, east and west) of grapevines grown at various altitudes (i.e., low, mid and high).
After leaves from four directions of grapevines grown at
three different altitudes were collected, they were scanned
with a pc scanner and these scanned images were processed
with a pc packing program to calculate mean leaf area (Kraft,
1995).
In order to determine stomatal characteristics, leaf epidermal imprints were obtained from the places near the central main vain that are located underside of mature leaves.
For this goal, nail polish was applied to underside surfaces
of leaves and waited up to nail polish completely dried. Afterwards, nail polish patches were gently peeled from leaves
by pulling to obtain leaf impressions and placed on a macroscopic slide. Stomatal characteristics of leaves were examined under a light microscope to 40×. While stomatal frequency was expressed as stomata number per mm2; stomata
length (μm) and stomata width (μm) were measured as μm
using ocular ruler (Kok, 2011).
Statistical analysis
The study was arranged according to completely randomized parcel design with 4 replicates, including 4 grapevines per replicate. All data concerning related criterion were
means of 8 observations per replicate. Statistical analysis

Table 2
Some climatic values for Sarkoy County (as means of long terms)
Monthly
Mean temperature, ºC
Max. temperature, ºC
Min. temperature, ºC
Mean precipitation, mm
Mean sun duration, h

Jan
5.5
19.5
-8.0
77.1
4.4

Feb
5.6
20.7
–9.9
35.8
4.5

Mar
7.9
24.5
–9.5
44.8
6.7

Apr
12.5
28.0
1.0
45.8
8.5

May
17.1
31.0
4.5
37.1
10.0

Jun
22.0
35.0
10.0
30.7
11.5

Months
July
24.0
36.7
13.0
14
12.5

Aug
23.7
35.5
12.9
9.7
11.8

Sept
20.5
32.8
7.6
19.6
10.1

Oct
15.5
31.5
0.4
47
8.1

Nov
11.0
25.5
–5.3
87.9
6.9

Dec
7.4
19.5
–7.8
84.9
4.5
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Fig.1. Interaction effects of different vineyard altitude
and grapevine direction on leaf area of cv. Gamay
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In current research, some characteristics of leaves from
various directions of grapevines grown at different altitudes
were assessed. As a result of statistical analysis, the main effects of vineyard altitudes and grapevine directions are presented in Table 3 and interactions of vineyard altitude and
grapevine direction were also shown in Figures 1, 2, 3 and 4.
Leaf characters such as leaf area and stomatal characteristics are known to be determined by genetic factors (He et
al., 1998).However, these can be affected by variations of
environmental factors like atmospheric CO2 concentration
(Van de Water et al., 1994), temperature, light, irradiance and
wind (Lockheart et al., 1998). In present study, the variable
of leaf area was found to be signiﬁcant in relation to main effects of vineyard altitude and interactions of vineyard altitude
and grapevine direction (P ≤ 0.05). Grapevines grown at vineyard with low altitude have higher leaf area (147.20 cm2) than
grown at mid altitude (109.77 cm2) or at high altitude (85.47
cm2) (Table 3). With respect to interactions of vineyard altitude and grapevine direction, while the highest value of leaf
area were obtained from interaction of low altitude and west
direction (163.39 cm2); the lowest mean value was 74.59 cm2
for interaction of high altitude and west direction (Figure 1).
This is consistent with ﬁndings of Tanner and Kapos (1982)
and Köerner (1989) that plant leaf size generally reduces and
leaf mass per area increases with increasing altitude levels.
Studies like Woodward (1987), Schoettle and Rochelle
(2000), Köerner et al. (1989) have shown that stomatal density
is variously affected by altitude gradients. In this study, there
were signiﬁcant differences in the stomatal density for main
effects of vineyard altitude and grapevine direction and interactions of vineyard altitude and grapevine direction (P ≤ 0.05).
Among the different vineyard altitudes, the highest value of
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was performed with TARIST software and interaction analysis were carried out using MSTAT-C software. In order to
compare mean differences among the directions of grapevines grown at various altitudes, Fisher’s L.S.D. test was
used at P ≤ 0.05.
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Fig. 2. Interaction effects of different vineyard altitude
and grapevine direction on stomatal density of cv. Gamay
stomatal density in leaves were observed in grapevines grown
at high altitude vineyard (168.13 no.mm–2) than grown at mid
altitude vineyard (140.76 no.mm–2) or at low altitude vineyard
(125.25 no.mm–2). With reference to various grapevine directions presented in Table 3, west direction led to the highest
stomatal density (150.54 no.mm–2) and other grapevine direc-

Table 3
The main effects of different vineyard altitudes and grapevine directions on some leaf characteristics of cv. Gamay
Leaf characteristics
Leaf area, cm2
Stomatal density, no. mm-2
Stomata length, μm
Stomata width, μm

Vineyard Altitude
Low
Mid
High
147.20a
109.77b
85.47c
125.25c
140.76b
168.13a
73.51c
86.83b
102.46a
42.14a
33.23b
26.43c

Signiﬁcant at P ≤ 0.05 ; N.S.: Not signiﬁcant

LSD% 5
12.36
5.24
6.63
2.43

North
110.60
144.29b
87.34
33.68

Grapevine Direction
South
East
121.27
112.51
142.50b
141.52b
85.48
86.00
35.69
33.48

West
112.20
150.54a
91.19
32.88

LSD% 5
N.S.
6.05
N.S.
N.S.
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LSD %5 : N.S.
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Fig. 3. Interaction effects of different vineyard altitude
and grapevine direction on stomata lenght of cv. Gamay
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respectively) in grapevine leaves in terms of main effects
of vineyard altitude (P ≤ 0.05, Table 3). However, interactions of vineyard altitude and grapevine direction shown
that low altitude vineyard and west grapevine direction
brought about an increase in stomata width (45.25 μm) and
the lowest mean value was 23.82 μm for interaction of high
altitude vineyard and west grapevine direction (P ≤ 0.05,
Figure 4).

Conclusions
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Leaf area and stomatal characteristics of plants are plastic
in their response to climate manipulation and plants may be
capable of adapting to a changing climate through changes
in their leaf characteristics. Climatic conditions of vineyards
situated at various altitudes differ along altitudinal gradients. The results of current study presented in here indicate
that leaf area, stomatal density, stomata length and stomata
width in cv. Gamay were changing not only with increasing
altitude levels, but also inﬂuencing by grapevine directions
exposed to different climatic factors with reference to temperature, light, irradiance and wind. In conclusion, despite
the fact that leaf characteristics of cv. Gamay varied according to grapevine directions, various vineyard altitudes from
low to high caused an increase stomatal density and stomata
length and a decrease leaf area and stoma width.
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Fig. 4. Interaction effects of different vineyard altitude
and grapevine direction on stomata width of cv. Gamay
tions such as north, south and east followed it (144.29, 142.50
and 141.52 no.mm–2, respectively). In terms of interactions of
vineyard altitude and grapevine direction, the highest values
of stomatal density were obtained from interaction of high
altitude and west direction (182.07 no.mm–2) and the lowest
value of stomatal density were 120.74 no.mm–2 for interaction
of low altitude and west direction (Figure 2).
As given in Table 3, there are statistically signiﬁcant differences among main effects of vineyard altitude based on
stomata length (P ≤ 0.05). Results from the present study
revealed that mean values of stomata length of leaves from
grapevines grown at high altitude were higher (102.46 μm)
than grown at mid altitude (86.83 μm) or at low altitude
(73.51 μm).
In current research, increasing vineyard altitudes from
low to mid and from mid to high altitude levels resulted in
a decrease of stomata width (42.14, 33.23 and 26.43 μm,
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