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Abstract

This study was carried out to determine the relationships between stomatal
density and type and some leaf morphological traits in 10 grapevine
varieties (Vitis vinifera L.). The study was performed during the vegetation
period of 2022-2023 in the vineyards of the Research Station for Viticulture
of Ankara University Faculty of Agriculture in Kalecik-Ankara. Lival; Tekirdag
Seedless, ‘Beauty Seedless, ‘Michele Palieri, ‘Cabernet Sauvignon, ‘Narince
‘Syrah;, ‘Kalecik Karasl, ‘Alphonse Lavallée’and ‘Hasandede’ varieties, grafted
on 5BB rootstock, were evaluated as experimental materials in the study.
The results revealed that there have been significant variations among
varieties in terms of stomatal density, distribution of stomatal types, the
proportion of trichomes, and leaf thickness. In general, stomatal density
ranged from 168.17 to 268.27 stomata mm™ in the varieties. The presence
of the three different stomatal types (same level, raised above, and sunken)
was detected by SEM images. The percentage of stomatal types varied
between 39-59 for the same level, 25-42 for the raised above and 10-26 for
the sunken. The percentage of the same level stomatal type was found to be
higher than the other two types in all varieties. In addition, the same level
stomatal type exhibited negative correlations with the raised above and
the sunken stomatal types. In terms of leaf characteristics, the proportion
of trichomes showed a negatively significant correlation (r =-0.309; p<0.01)
with stomatal density. However, the relationship between leaf thickness
and stomatal density was not significant.

Keywords: Grapevine, Stomatal density, Stomatal type, Sunken stomata,
Correlations

INTRODUCTION

Stomata, located in the epidermis of plant leaves, serve as the starting point for
metabolic processes, acting as the primary units for exchanging oxygen and
carbon dioxide. They are essentially defined by two specialized guard cells in the
leaf epidermis with a pore between them.

The presence and structure of stomata in the leaves of different plant species,
even within a single species, show different morphological and anatomical
characteristics. Stomata, along with their properties, are crucial structures for
plants to respond to environmental conditions. Recently, new perspectives have
been incorporated to study stomatal density, size and distribution patterns on
leaves to analyse plant adaptation and evolution. There is a growing interest
in using leaf and stomatal traits as rapid and reliable criteria to express the
adaptability of plants to their ecological conditions (Franks et al., 2009; Sack and
Buckley, 2016; Liu et al., 2018; Liu et al., 2021). On the other hand, the importance
of generating information on leaf morpho-anatomical characters is emphasized
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for evaluating the adaptability of genotypes against the possible consequences of climate change (IPCC 2013).

The measurable criteria for evaluating the adaptability of grapevines are mainly expressed in terms of developmental
and yield characteristics. However, agricultural practices have an impact on the capacity of the vine, and therefore, the
assessment of adaptation may be limited. The time-consuming criteria based on perennial grapevine development
and yield contribute to the delay in recommending cultivars for ecology. However, there are not enough results on
the functional effects of morpho-anatomical characteristics of leaves on the adaptation ability of grapevine. Recently,
some approaches have been considered to understand the correlations with leaf traits (such as leaf shape, area,
thickness, hairiness, cuticle, stomata, epidermis cell properties, and mesophyll anatomy) and stress conditions to
develop alternative criteria for the assessment of adaptation (Boso et al., 2010; Samarth et al., 2021; MacMillan et al.,
2021).

In particular, the characteristics of stomata in the species and the varieties of grapevine have been studied in relation
to genotype, rootstock, and environmental conditions (Diizenli and Agaoglu, 1992; Shiraishi et al., 1996; Kara and
Ozeker, 1999; Marasali and Aktekin, 2003; Gokbayrak et al., 2008; Rogiers et al., 2009; Keller, 2010; Hopper et al., 2014;
isci et al., 2015; Boso et al., 2016; Uyak et al., 2016; Bodor et al.,, 2019; Dogan et al., 2020; Odabasioglu, 2020; Candar
et al., 2021; Copper et al., 2022). Currently, studies have been focused on the different stomatal types in grapevines,
which have interested many plant species for decades. Thus, the role of stomata in the adaptability of genotypes in
response to environmental conditions has been under investigation (Boso et al., 2011; Teixeira et al., 2018; Nassuth et
al, 2021).

Studies on stomatal shape and the relationship between leaf morphological characteristics and stomata in grapevine
species and cultivars are limited. Also, stomatal types of Vitis vinifera L. could not investigated in national viticultural
literature. In this study, it was aimed to investigate the stomatal characteristics and their relations with some
morphological traits of leaves in ten grapevine varieties of Vitis vinifera L. grown in Ankara-Kalecik conditions.

MATERIALS AND METHODS

The study was performed during the growing seasons of 2022-2023 on ten grapevine varieties cultivated in the
vineyards of the Research Station for Viticulture of Ankara University Faculty of Agriculture in Kalecik-Ankara, Turkiye.
The coordinates of the research area were 40°06° 33.8"" N 33°25" 43.2"" E, 670 m above sea level. The studied varieties
were Lival,‘Tekirdag Seedless, ‘Beauty Seedless, ‘Michele Palieri;,’‘Cabernet Sauvignon;‘Narince;‘Syrah; ‘Kalecik Karast;,
‘Alphonse Lavallée, and ‘Hasandede’ The grapevines were planted in 2005 and, after being grafted on 5 BB rootstocks,
were spaced 1.5x3 m rows and were trained at a double cordon having 80 cm stem height. Drip irrigation was applied
4-5 times from bud-burst to pre-vérasion. The vineyard soil was clay-loam with a pH of 7.5. The research region has a
continental climate. The experimental design consisted of three replications and randomly selected five vines for each
replication per variety.

Collecting of leaf samples

Five leaf samples were hand-collected from the vines of each replication for stomatal and leaf morphological
examinations. According to the OIV (2001) definition of mature leaves, the collection was performed between
the berry set and the véraison period. The sampling was performed on July 18, 2022 and July 22, 2023. To ensure
uniformity, leaves were collected from the 8" and 9t nodes in the same direction across all vines. To avoid dehydration
and discolouring, leaf samples were transported in cooler bags and were transferred to the Cytology Laboratory of
the Department of Horticulture, Ankara University.

Determination of stomatal density

The leaf print removal method was used to determine stomatal density in fresh leaf samples. Leaf prints were removed
from the lower surface of the leaf blade using nail polish. Leaf prints were obtained from a total of 6 areas on a leaf
blade, including around the petiole sinus, both sides of the main vein and lateral veins. These prints were prepared for
examination using a light microscope (LM-Zeiss Axiolab). During the LM examination of the slides, microphotographs
were taken to create the digital archive for further measurements. In microscopic studies, mainly 40x magnification
was used. Stomatal density (stomata mm2) was determined in microphotograph areas of 0.037 mm?.

Determination of stomatal type

The stomatal type was determined through LM and SEM (Scanning Electron Microscope) examinations. SEM
studies were performed on well-dried leaf samples. The gold-coated process was provided by the supervision of
the Science Application and Research Center of Van Yuzuncu Yil University. The definitions were realized on the SEM
microphotographs according to Monteiro et al. (2013), Teixeira et al. (2018), and Santricek et al. (2022).
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Examination of leaf morphological traits
In the present study, leaf area (cm?), the proportion of trichomes (%) and leaf thickness (mm) were examined.

Leaf areas were calculated from fresh leaf images, trichomes were examined using a stereo microscope (Olympus
SZ40), and microphotographs were taken of the abaxial surfaces of fresh leaves. Here, it was preferred to use the term
trichome as a collective term for two different hair structures, consisting of both prostrate and erect type hairs, rather
than hairiness. Computations on all digitised observations were analysed using the Imagel/lJ 1.46r program (https://
imagej.nih.gov/ij/index.html). In addition to the digitised-based calculations, the OIV (2001) scale was used to score
the density of the prostrate and erect hairs. Leaf thickness was measured using a digital micrometer device (INSIZE
3109-25A), and thickness values were grouped according to Bozkurt (2023).

Statistical analysis

Descriptive statistics for the continuous variables were presented as Mean and Standard error of mean. One-way
ANOVA was used to compare group means. Following the ANOVA, Duncan multiple comparison test was performed
to identify different varieties’means. Pearson correlation coefficients were computed to determine linear relationhips
between the variables. In addition to correlation analysis, Linear regression analysis was performed to predict
dependent variables with independent variables. Statistical significance level was considered as 5% and 1%. SPSS
(ver: 26) statistical program was used for all statistical computations.

RESULTS AND DISCUSSION
Stomatal density (stomata mm™)

Stomatal density varied significantly among all grapevine varieties, ranging from 168.2 to 268.3 stomata per mm>.The
varieties with the highest stomatal density were ‘Lival’ (268.3 stomata mm-), ‘Tekirdag Seedless’ (265.3 stomata mm-
?), and ‘Beauty Seedless’ (258.3 stomata mm™). ‘Hasandede’ showed the lowest stomatal density, with 168.2 stomata
per mm? (Figure 1). Many researchers reported that stomatal densities varied significantly among grapevine varieties.
Keller (2010) stated a wide range of 50-400 stomata mm? for Vitis species. Previous studies investigating stomatal
density under the influence of genotype and environmental conditions reported the following findings: Shiraishi
et al. (1996), 136.1-302.6 stomata mm=>; Kara and Ozeker (1999), 208.3- 294.8 stomata mm~>; Marasali and Aktekin
(2003), 156.1-269.5 stomata mm; Gokbayrak et al. (2008), 190.9-220.6 stomata mm->; Rogiers et al. (2009), 162.0-232.6
stomata mm~?; Monteiro et al. (2013), 206.7-285.7 stomata mm; Bekisli (2014), 150.9-189.3 stomata mm; Isci et al.
(2015), 67.2-188.9 stomata mm; Monteiro et al. (2018), 179-256 stomata mm?; Teixeira et al. (2018), 170-250 stomata
mm?; Bodor et al. (2019), 94.8-157.0 stomata mm?; Nassuth et al. (2021), 178.0-354.5 stomata mm~ and Copper et
al. (2022), 139.8-238.6 stomata mm™. Apart from genotype and environmental factors, variations in stomatal density
were attributed to microscopic miscounting. Therefore, LM and SEM examinations were evaluated together in this
study to prevent such errors. Figure 2 shows the image clarity for stomatal evaluation in this study.
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Figure 1. Stomatal density of grapevine varieties (stomata mm). Lival-L; Tekirdag Seedless-TS; Beauty Seedless-
BS; Michele Palieri- MP; Cabernet Sauvignon-CS; Narince-N; Syrah-S; Kalecik Karasi-KK; Alphonse Lavallée-AL;
Hasandede-H (Different lower cases represent statistically significant differences among the varieties).
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Figure 2. Images of stomata with different densities under a light microscope. A-‘Beauty Seedless’; B-'Kalecik Karas!’;
C-'Hasandede’ (Scale bar=20 um).

Stomatal types and distribution in grapevine varieties

Three different stomatal types reported for Vitis species were detected in the leaves of ten grapevine varieties. These
types were classified as (1) same level, (2) sunken and (3) raised above, depending on the structural height of the
guard cells on the leaf surface relative to subsidiary cells (Swanepoel and Villers, 1987; Monteiro et al., 2013; Teixeira
etal.,, 2018). SEM images used to determine the stomatal types were given in Figures 3, 4 and 5. The proportion of the
same level stomata varied between 39.12% (Syrah) and 59.41% (Alphonse Lavallée) in evaluating the distribution of
stomatal types in the varieties. The proportion of the raised-above stomata ranged from 25.39% (Alphonse Lavallée)
t0 42.63% (Hasandede), while the proportion of the sunken stomata ranged from 10.53% (Beauty Seedless) to 26.47%
(Cabernet Sauvignon) (Figure 6). Based on the visual representation in Figure 6 and the statistical interpretation of the
results in Table 1, it was determined that the distribution of stomatal types within the same cultivar was significant.
The percentage of the same level stomata in all varieties was higher than the other two types. Hasandede was the only
variety that deviated from this rule. There was a minimal and statistically insignificant difference between the same
level and the raised above stomata in this variety. In addition, the sunken stomata showed the lowest percentage of all
varieties. Monteiro et al. (2018) emphasized that stomatal types differ among varieties. In this study, it was observed
that the sunken stomatal type was smaller than the other two types. This type was characterized by guard cells buried
between the subsidiary cells. Monteiro et al. (2018) and Teixeira et al. (2018) emphasized that genotypes with high
stomatal density and the sunken stomata may be more advantageous against abiotic stress conditions, especially in
hot and arid ecologies. Furthermore, Nassuth et al. (2021) reported that sunken stomata can also be advantageous at
low temperatures and are present in cold-tolerant varieties. Jones (2014), Serra et al. (2017), and Teixeira et al. (2018)
stated that high stomatal density and sunken stomata are important in reducing plant transpiration and that these
traits play a role in the adaptation of varieties to water stress.

Figure 3. SEM image of the raised above stomata. A-‘Narince’; B-'Tekirdag Seedless’



Int J Agric Environ Food Sci 2024; 8(1): 78-87 Guler et al. Stomatal density, type and their relationships with leaf

ENT » B00AY T = GO0V 1
WD'= AT Mag= 100KX — WO = 84 mm MagE 100KX

Figure 5. SEM image of the sunken stomata. E-‘Alphonse Lavallee’; F-'‘Beauty Seedless’
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Figure 6. The distribution of stomatal types among grapevine varieties (%). Lival-L; Tekirdag Seedless-TS; Beauty
Seedless-BS; Michele Palieri- MP; Cabernet Sauvignon-CS; Narince-N; Syrah-S; Kalecik Karasi-KK; Alphonse Lavallée-
AL; Hasandede-H (Different lower cases represent statistically significant differences among the varieties).
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Table 1. The distribution of stomatal types in grapevine varieties (%)

Stomatal Type

Variety Same level Raised above Sunken
(Mean = SEM) (Mean = SEM) (Mean + SEM)
Lival 52.28+3.68a 35.82+3.17b 11.90+2.70 c
Tekirdag Seedless 51.13+1.38a 3257+2.03b 16.29+3.20 ¢
Beauty Seedless 5545+5.23a 34.02+2.14b 10.53+3.35¢
Michele Palieri 41.21+3.18a 35.10+4.32ab 23.69+3.84c
Cabernet Sauvignon 46.18+2.35a 27.36+0.93b 2647 £243b
Narince 57.79+3.98 a 25.93+1.70b 16.29+2.28b
Syrah 39.12+3.28a 38.25+3.99a 22.63+0.85b
Kalecik Karasi 48.26 £+3.99a 3533+5.12a 16.41+2.04b
Alphonse Lavallée 59.41+4.09a 25.39+3.58b 1520+ 1.55b
Hasandede 41.84+432a 42.63+3.06a 1554+ 1.87b

* Different lowercase letters on the same line indicate significant differences of stomatal types in each variety (p<0.05). SEM: Standard error of Mean
Leaf morphological traits and stomatal relationships

The average size of the leaves collected during the period from berry set to veraison in Kalecik conditions is shown in
Table 2. The leaf area ranged from 72.21 cm? (Syrah) to 95.09 cm? (Tekirdag Seedless), with no statistically significant
difference. This result allowed us to analyse stomatal density on comparable leaf areas. Bekisli (2014) found the
relationship between leaf area and stomatal density at a value of R?*= 0.0498. Thus, the correlation between leaf area
and stomatal density was not statistically significant. Similarly, Boso et al. (2016) reported that this relationship was
not significant. The study investigated the relationships between the proportion of trichomes and leaf thickness,
stomatal density, and the distribution of density by stomatal type. The results are presented in Table 5 and Figure 7.
The proportion of trichomes (%) was found to be significant among the varieties.‘Kalecik Karasi’ exhibited the highest
percentage at 39.75%, followed by ‘Syrah’ at 16.29% and ‘Alphonse Lavallée’ at 14.91%. ‘Beauty Seedless, ‘Michele
Palieri, and ‘Tekirdag Seedless’ exhibited the lowest percentages (Table 2). In addition, the density of prostate and
erect hairs between the main veins on the lower side of blade in the varieties was classified according to the OIV 84
and OIV 85 codes (Table 3). The trichome percentage values (the sum of prostrate and erect hairs) of the varieties
were in line with the scoring results obtained according to OIV (2001). Monteiro et al. (2018) and Gago et al. (2019)
reported differences in leaf anatomical tissue thickness among grapevine varieties. Additionally, Gago et al. (2016)
found variations in spatial density and relative abundance of trichomes among grapevine varieties.

There was a significant difference in leaf thickness among the varieties. Regarding the leaf thickness, higher values
were found in‘Kalecik Karasi’ (0.73 mm), ‘Narince’ (0.63 mm) and ‘Michele Palieri’ (0.61 mm). The lowest thickness value
(0.45 mm) was found for ‘Tekirdag Seedless’ (Table 2). According to the method described by Bozkurt (2023), ‘Kalecik
Karasi’was placed in the thick group, while ‘Narince, ‘Beauty Seedless, ‘Michele Palieri; and ‘Hasandede’ were placed in
the medium group. ‘Alphonse Lavallée; ‘Lival, ‘Cabernet Sauvignon’ and ‘Syrah’ were classified in the thin group, and
‘Tekirdag Seedless’ was placed in the very thin group (Table 4).

The correlation analysis showed that there was a significant negative correlation (r = -0.309; p<0.01) between the
stomatal density and the proportion of trichomes (%). However, there was no significant relationship with leaf
thickness. A significant positive correlation was found between the proportion of trichomes (%) and leaf thickness
(mm) (r=0.528; p<0.01) (Table 5). It was possible to interpret from this study that trichome density was generally lower
or absent in the varieties with a high stomatal density. Boso et al. (2011) found similar results and emphasized the
importance of the relationship between stomatal density and trichome density. ‘Kalecik Karasi’ showed the highest
values in the proportion of trichomes (39.75%) and leaf thickness. This result confirmed the relationship obtained.

In the evaluation of the relationships by the stomatal types, negative correlations were found between the same level
stomata and the raised above stomata (r =-0.704, p<0.01), as well as between the sunken stomata and the same level
stomata (r =-0.574, p<0.05). However, no such association have been reported for stomatal types in previous studies.
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Table 2. Leaf morphological traits in grapevine varieties

Variety Leaf area (cm?) Proportion of trichomes (%) Leaf thickness (mm)
(Mean + SEM) (Mean + SEM) (Mean + SEM)
Lival 87.73 £5.30 14.04 £ 2.85 bc 0.54+0.02 cd
Tekirdag Seedless 95.09 + 4.85 0.41+0.12e 0.45+0.00e
Beauty Seedless 91.06 + 8.81 0.00+£0.00e 0.57 £0.01 bc
Michele Palieri 92.81+3.03 0.00+£0.00e 0.60 + 0.03 bc
Cabernet Sauvignon 90.86 + 8.87 742+0.21d 0.51+0.14d
Narince 83.21+2.55 11.03+£0.28 cd 0.63+0.03b
Syrah 72.21+0.84 16.29+1.14b 0.51+0.14d
Kalecik Karasi 82.43 +£0.04 39.75+2.80a 0.73+0.03a
Alphonse Lavallée 85.19£3.21 14.91 £ 1.13 bc 0.48 £0.02 de
Hasandede 75.91+£2.52 1.98+093 e 0.58 +£0.01 bc

*Different lowercase letters in the same column indicate significant differences among varieties for each trait (p<0.05). SEM: Standard error of Mean

Table 3. Density of prostrate and erect hairs between main veins on the lower side of the blade: 1 = none or very
low, 3 =low, 5 = medium, 7 = high, 9 = very high (OIV 2001)

Variety Density of prostrate hairs (OIV 84) Density of erect hairs (OIV 85)
Lival 3 3

Tekirdag Seedless
Beauty Seedless
Michele Palieri

Cabernet Sauvignon
Narince

Syrah

Kalecik Karasi
Alphonse Lavallée
Hasandede

- W uWwWwWww= = =
U W UL W W W = = =

Table 4. Range values for the average leaf thickness class of the varieties (mm)

Very thin Thin Medium Thick Very thick
0.356-0.448 0.449-0.541 0.542-0.634 0.635-0.727 0.728-0.821
Tekirdag Seedless Alphonse Lavallée Narince Kalecik Karasi
Lival Beauty Seedless
Cabernet Sauvignon Michele Palieri
Syrah Hasandede

Table 5. Correlation analysis between stomatal density, type and leaf morphological traits

Stomi-xtal Proportion Leaf Stomatal type
density . q
of trichomes  thickness .
(stomata o Raised above Same level Sunken
i (%) (mm)

Stomatal density (stomata mm?)
Proportion of trichomes (%)

-0.309*

Leaf thickness (mm) -0.284
Raised above -0.074
tS;gZ\atal Same level 0.154
Sunken -0.128 -0.065 -0.574*

% p<0.05 **: p<0.01

84
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Figure 7. Regression graphs for stomatal density, type and leaf morphological traits.
CONCLUSION

The study revealed stomatal density was a cultivar-specific characteristics for grapevine varieties (Vitis vinifera L.). This
result is consistent with previous findings that grapevines grown in different ecological conditions. It is thought that,
variations in stomatal density among grapevine varieties were probably caused by the intrinsic characteristics of the
cultivars in relation to the conditions of their growing ecologies. The relationship between stomatal characteristics
and adaptation ability of varieties is discussed. One of the aims of this study is to draw attention to this argument.
It was thought that the percentage of sunken stomatal types could be used to evaluate the adaptation of varieties
to the semi-arid conditions of Kalecik. In addition, correlation analysis revealed interest in trichome proportion, leaf
thickness and stomatal characteristics. To improve vineyard management, it is necessary to gather more information
on the impact of climate change on viticulture. Research that examines stomatal and leaf characteristics can provide a
new approach to adaptation studies. Finally, the study is the first report on stomatal types in the viticultural literature
of Turkiye.
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