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ABSTRACT 

This study was conducted in an open environment to show differences in stomatal density of 
grapevines grown under wind/no wind conditions. Leaf epidermal prints were taken using a clear nail 
varnish. North facing vineyard open to strong northerly winds had leaves with higher stomata counts 
compared with southwest facing vineyard sheltered with a natural windbreak. It was also found that 
different sections of a leaf showed different stomatal densities. 
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INTRODUCTION 

The pattern and frequency of stomata on any 
leaf surface are under tight genetic control, 
but may be modified by environmental 
parameters, leaf area and leaf position (1)1 The 
epidermal pattern on any mature leaf is the 
result of division and expansion of epidermal 
cells, and the formation of stomata. Stomata 
regulate the exchange of gases between leaves 
and the atmosphere, and thus control the water 
use efficiency of photosynthesis (2). Beerling 
et al. (3) stated that stomatal density can be 
used as an ecophysiological parameter. 

Stomatal density along with stomatal 
sizes have been studied for various 
environmental conditions and/or under 
different cultural practices. Gay and Hurd (4) 
in tomato, Knecht and O’Leary (5) in bean 
and Lake et al. (6) in Arabidopsis determined, 
under controlled conditions, that the stomatal 
density could be influenced by light. This 
relationship was also established in natural 
conditions by the studies of Cormack (7) and 
Sharma and Sen (8). Stomatal density in 
plants has been found to change with drought 
(9, 10), vegetative growth (11), elevation (12), 
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humidity and other environmental conditions 
(13). 

Grapevines have stomata on their lower 
leaf surfaces (hypostomatic).  There are many 
reports that show differences in stomatal 
density in grapevine depending on 
environmental conditions and cultural 
practices, such as water availability (14, 15), 
fungicides (16), vigour (17), fertilization (18, 
19, 20) and rootstocks (21). Scienza and 
Boselli (22) established frequency and 
biometrical characteristics of stomata in 
different stock-vine varieties and showed that 
they differed by the genotype and leaf 
position. 

We hypothesized in this study, that 
vineyards, which are located in different 
locations under wind/no wind conditions 
should have different stomatal densities in 
their leaves.  This study would help to 
understand the role of stomatal density as a 
plant adaptation mechanism to adapt to certain 
environmental conditions or stresses. 
 
MATERIAL AND METHOD 

Vineyard locations 

The vineyards were established in Bozcaada 
Island of Turkey. The first vineyard is located 
on a site facing north (39°50′ N, 26°01′ E) at 
16 m elevation. This vineyard is open to 
prevailing northerly winds all year round. The 
second one is located on a site facing 
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southwest (39° 48′ N, 26°00′ E) at 14 m 
elevation. This vineyard is closed to the 
northerly winds with a natural windbreak 
(small hills). Both the vineyards were 
approximately 35 years old and established 
with Vitis vinifera  cv. Karasakız, a black 
wine cultivar mainly used for sherry 
production in Turkey, grafted onto 5BB 
rootstock. 

The island is reserved and in the 
transition for organic viticulture. Vineyards 
are not irrigated, and solely depend on 
precipitation. The vines are goblet-trained. 

General average climatic conditions for 
the island over 30 year period are as follows: 
temperature 15.4ºC, precipitation 465.0 mm, 
relative humidity 75%, wind speed 6.2 msn-1. 
The island has had averagely 89 days of 
windstorm (>17.2 msn-1) and 155.7 days of 
strong wind (10.8 – 17.1 msn-1) in a year. 
Prevailing wind blow direction is north- 
northeast. North facing (NF) vineyard is more 
subjected to north winds than southwest 
facing (SWF) vineyard. 

 
Sample collection and preparation 

In order to determine stomatal densities 
(stomata number per mm square leaf area), 
leaf epidermal imprints were collected from 
the underside of the mature leaves from 10 
vines in each vineyard on 23 August 2006. 
The weather conditions were a sunny clear 
day, 77% relative humidity and 24.6ºC mean 
temperature. 10 leaves from the middle 
section of the shoot were collected from each 
vine. The imprints were taken using a clear 
nail varnish at the sites in one morning before 
the harvest. Three different regions of a leaf 
were used as shown in Figure 1. 
 

 
Figure 1. Underside regions of a leaf used to take 
imprints 
 
Stomatal counts were conducted for each of 
the 10 different fields of view for each leaf 
sample. Objective of 40X was used in 
conjunction with a 10X ocular. 

This study was conducted in an open 
environment and microenvironment in the 
vineyards was not established. 

 
Statistical analysis 

T test was used to determine the differences in 
stomatal densities between North and 
Southwest vineyards and among the leaf 
regions. Repeated measurement analysis with 
two factors (leaf region, dependent factor and 
site, independent factor) was used to 
determine significant differences among the 
average stoma counts of the three levels of 
leaf region and two levels of site factor in the 
southwest and north vineyards. Then, Duncan 
multiple comparison test was used to 
determine significances. 
 
RESULTS 

T test analysis showed that vineyards had 
statistically important differences in their 
stomata number (p<0.01). NF vineyard had 
more stomata (220.58) than the SWF vineyard 
(190.89) (Table 1). 

 

 

Table 1. Stomatal densities of the vineyards 

Vineyard N Mean ± Std. Err. Minimum Maximum 
SW 10 190.89 ± 2.98 b 170,20 202,83 
N 10 220.58 ± 1,81 a 212,61 231,13 
Total 20 205,73 170,20 231,13 

*p<0.01 
 
Variance analysis resulted in significant 
interactions between location site and leaf 
region (p<0.01). The different regions of the 

leaf also had significant differences in their 
stomatal densities in the same vineyard or 
across the vineyards (Table 2). In the SWF 
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vineyard, the upper end (region A) and the left 
side (region B) of the leaf had more important 
differences in their stomata number. In the NF 
vineyard, it was the regions A and C that 

contained more stomata in comparison with 
the region B. Across the vineyards, only the 
region B had similar stomata counts, and the 
others showed significant differences. 

 
Table 2. Stomatal densities of the leaf regions of leaves in the vineyards 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

DISCUSSION 

Stomatal density is sensitive to growth 
environment and there is considerable 
genotypic variation and phenotypic plasticity 
for this trait (23, 24). Wind is another 
environmental factor altering stomatal 
structure of a leaf, consequently affecting 
transpiration rate. Wind carries away humid 
air and therefore increases transpiration rate. 
When there is no breeze, the air surrounding a 
leaf becomes increasingly humid thus 
reducing the rate of transpiration. When a 
breeze is present, the humid air is carried 
away and replaced by drier air. As the wind 
speed increases; the rate of transpiration will 
rise, until the rate becomes so great that the 
stomata close. This is because an increase in 
the wind speed, means faster removal of any 
moisture from just below the stomata and so 
means that the gradient water from inside the 
stomata to the outside is steeper, and 
therefore, the rate of transpiration increases 
(25). 

The results show that grapevine 
develops a mechanism that would protect 
itself from adverse conditions. Strong wind 
puts a stress on the plant by changing the 
environment surrounding the leaf, affecting 
the air in and out of the leaf. Plants more 
exposed to windy conditions increase their 
stomata number to cope with decreased 
stomatal conductance. This was established by 
the work of Freeman et al. (26). They found 
out that grapevines grown without a 
windbreak had markedly lower stomatal 
conductance than the vines protected by a  

 
 
windbreak and that reduced stomatal 
conductance of non-sheltered vines was not 
due to water stress. They concluded that low 
stomatal conductance means that CO2 
assimilation and photosynthesis are curtailed 
since stomatal conductance, CO2 assimilation 
and rate of photosynthesis are directly related. 
The photosynthetically active period of the 
vines grown in the sheltered area was nearly 
twice longer than of the vines grown in more 
windy areas without the presence of a 
windbreak. 

Grace and Thompson (27) reported 
similar results in Festuca arundinacea that 
increase in wind speed caused a decrease in 
photosynthesis. 

 
CONCLUSION 

The data provided here show no evidence 
concerning the effect of wind or site 
differences in stomatal density on 
photosynthesis and transpiration. However, it 
could be plausible to think that north facing 
vineyards in a windy area has more stomata in 
their leaves so that they can deal with 
increased transpiration and decreased CO2 
assimilation and photosynthesis rate. 
Southwest vineyard has less stomata because 
the vines are protected with a natural wind 
break (small hills) sheltering the vines from 
winds. Higher stomatal conductance in SWF 
vineyard might compensate an increase in 
stomatal density due to longer period of 
photosynthetic activity. However, vines open 
to strong winds, owing to their low number of 

Leaf 
region Vineyard 

Average stomatal density 
per mm sq. leaf area ± St. 

Err. 
Minimum Maximum 

SW 199.56± 4.00 
A B* 187.17 225.20 

A 
N 233.90± 5.09 

a A 210.25 264.80 

SW 194.02 ±4.32 
AB A 169.55 212.02 

B 
N 208.72 ± 2.79 

b A 196.52 227.78 

SW 179.08 ± 4.64 
B B 147.12 196.77 

C 
N 219.12 ± 3.50 

ab A 208.08 246.57 
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stomata, might increase their stomatal 
conductance, resulting in an improvement in 
their CO2 assimilation and photosynthesis. 
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