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SUMMARY 

The stomatal traits of 13 red and white grapevine cultivars of Vitis vinifera L. established in a cultivar collection garden in central Chile 

were characterized in this study. The cultivars examined were 'Cabernet Franc', 'Cabernet Sauvignon', 'Carmenere', 'Cot', 'Grenache', 

'Merlot', 'Mourvedre', 'Pinot Noir', 'Syrah', 'Chardonnay', 'Marzanne', 'Roussane', and 'Sauvignon Blanc'. Transparent nail polish peel prints 

in four adult leaves per vine were obtained and examined under a light microscope at 10 ×. The number of stomata in 0.196 mm2 was 

counted, and their length and width were measured using image analysis software. With these variables, the stomatal area and stomatal 

density were obtained. The 'Cot' cultivar had the largest stomata and stomatal area, while the 'Mourvedre' cultivar had the smallest stomata 

and stomatal area. 'Chardonnay' had the highest number of stomata and stomatal density, while 'Carmenere' had the lowest. The red 

grapevine cultivars exhibited larger and fewer stomata than the white grapevine cultivars, corroborating different adaptations for the 

environmental modulation of stomatal conductance and transpiration.  

RESUMO 

Neste estudo foram avaliadas diferentes características estomáticas em 13 cultivares de videira tintas e brancas de Vitis vinifera L. plantadas 

num jardim de castas no centro do Chile. As cultivares examinadas foram 'Cabernet Franc', 'Cabernet Sauvignon', 'Carmenere', 'Cot', 

'Grenache', 'Merlot', 'Mourvedre', 'Pinot Noir', 'Syrah', 'Chardonnay', 'Marzanne', 'Roussane' e 'Sauvignon Blanc'. Impressões transparentes 

de casca de esmalte em quatro folhas adultas por videira foram obtidas e examinadas em microscópio ótico a 10 ×. O número de estomas 

em 0,196 mm2 foi contado e seu comprimento e largura foram medidos por software de análise de imagem. Com essas variáveis, foram 

obtidas a área estomática e a densidade estomática. A cultivar 'Cot' apresentou os maiores estomas e a maior área estomática, enquanto a 

cultivar 'Mourvedre' apresentou resultados opostos. 'Chardonnay' e 'Carmenere' foram as cultivares com maior e menor número de estomas 

e densidade estomática. As cultivares de videiras tintas apresentaram estomas maiores e em menor número que as cultivares de videiras 

brancas, corroborando diferentes adaptações para a modulação ambiental da condutância estomática e transpiração. 
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INTRODUCTION 

Stomatal pores are microscopic openings on the leaf 

epidermis that enables plants to regulate water use 

and carbon gain. Stomatal traits such as length, 

width, and the number of stomata vary among plant 

species, varieties, and even clones (Sophie et al., 

2008). Environmental carbon dioxide concentration 

and temperature also play an essential role in the 

changes in stomatal morphology, which can then 

affect water use efficiency in plants (Lawson and 

Blatt, 2014; Lawson and Vialet-Chabrand, 2019). 

The density and size of stomata are involved in the 

environmental modulation of stomatal conductance 

and are invariant after the leaf is fully expanded 

(Rogiers et al., 2009). The size and number of 

stomata are considered adaptations to control 

transpiration in plants, and small stomata are 

considered an adaptation to minimize transpiration 

(Jones, 2014). Thus, knowledge of phenotypic 

variation in stomatal morphology can support the 
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development of genotypes able to sustain yields in 

environments with less water.  

Grapevine (Vitis vinifera L.) is a widely cultivated 

crop that can be grown in a wide range of climates, 

from oceanic to arid and hyperarid (Tonietto and 

Carbonneau, 2004; Schultz and Stoll, 2010). In 

studies on the vine stomatal morphology, Boso et al. 

(2016) reported significant phenotypic variation in 

stomatal traits of 12 varieties of V. vinifera. Stomatal 

length and width varied from 35 to 48 μm and from 

21 to 30 μm in varieties 'Treixadura' and DHP 

'Jacquez', respectively. Similarly, Bodor et al. (2019) 

showed that stomatal anatomy varied within the 

canopy of V. vinifera and the number of stomata 

increased from the 1st to the 10th node of the shoot. In 

Chile, the total area cultivated with V. vinifera, in the 

Mediterranean-type climate zones is ca. 145,000 ha 

(ODEPA, 2022); however, no studies have been 

conducted to describe stomatal morphology among 

cultivars of V. vinifera, which could help to 

understand the adaptive mechanisms of the species to 

face water stress. This study aimed to characterize 

the stomatal density and size for different V. vinifera 

cultivars grown in a cultivar collection garden in 

central Chile. The relationship between stomatal 

morphology and grape color (white versus red 

cultivars) was also addressed.  

 

MATERIALS AND METHODS  

The plant material was obtained from a cultivar 

collection garden at the Universidad de Talca, 

located in the Panguillemo Valley, Maule region of 

Chile (35°24S and 71°37W, 150 m above sea level). 

The vineyard was managed using optimal agronomic 

practices, including irrigation, weed control, and 

fertilization. Thirteen cultivars of V. vinifera 

('Cabernet franc', 'Cabernet Sauvignon', 'Carmenere', 

'Cot', 'Grenache', 'Merlot', 'Mourvedre', 'Pinot Noir', 

'Syrah', 'Chardonnay', 'Marzanne', 'Roussane', and 

'Sauvignon Blanc') were used in this study. These 

cultivars were planted in 2006, irrigated with a drip 

irrigation system, and trained using a Vertical Shoot 

Position system. The study area has a dry 

Mediterranean climate with an average annual 

precipitation of 600 mm, mainly concentrated in the 

autumn-winter period (De la Fuente et al., 2018). The 

mean annual precipitation, temperature, and 

radiation for the 2012-2013 growing season were 286 

mm, 13.9 °C, and 17.8 Mj/m2/d, respectively. During 

the 2012-2013 growing season, two vines per 

cultivar were sampled by collecting four fully 

expanded, mature (6 to 8 months), sun-exposed, and 

healthy leaves of similar size from the 4th node of the 

shoot. Leaves were sampled at similar cumulative 

growing degree days from budburst, and stored at 4° 

C. Two nail polish peel prints were made in the lower 

epidermis of the middle of each leaf. A thin layer of 

nail varnish was applied and allowed to dry. Then, it 

was peeled off with a scalpel. Each sample was 

observed through a microscope slide with an 

objective of 10 ×, capturing three photographs per 

sample with a digital camera. The number of stomata 

(N) in 0.196 mm2, length (SL, μm) and width (SW, 

μm) were counted and measured in MatLab software. 

The stomata area (SA, μm2) and stomata density (SD, 

N per mm2) were estimated using SL and SW. The 

ellipse formula was used to estimate SA. The length 

of the semi-major and semi-minor axes were 

obtained by dividing SL and SW by 2 (Equation 1).  

 

SA =  π ∗
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                 Eq. 1 

 

The analyses for each stomatal trait were carried out  

on a leaf-mean basis. The data were analyzed using 

one-way ANOVA with cultivar as the main factor. 

To meet the assumptions of normality and constant 

variances, values for stomatal traits were transformed 

using the Box-Cox transformation when the 

confidence intervals for the optimal λ did not include 

1. Post-hoc mean comparisons for stomatal traits 

were based on the Tukey test. Orthogonal contrast 

analysis was used to test for differences between red 

grapevine cultivars ('Cabernet franc', 'Cabernet 

Sauvignon', 'Carmenere', 'Cot', 'Grenache', 'Merlot', 

'Mourvedre', 'Pinot Noir', and 'Syrah') and white 

grapevine cultivars ('Chardonnay', 'Marzanne', 

'Roussane', and 'Sauvignon Blanc'). Significant 

differences were obtained at p<0.05. All analyses 

were performed using SPSS version 22 (SPSS Inc, 

Chicago, Illinois, USA). 

 

RESULTS AND DISCUSSION 

The present study reveals significant differences in 

stomata anatomy among the 13 cultivars of V. 

vinifera, which supports the findings that stomata 

size and number vary significantly between different 

plant species (Bertolino et al., 2019). Tukey tests 

revealed significant differences in all stomatal traits 

among cultivars. 'Cot' had the largest SL and SA, 

while 'Mourvedre' had the smallest. The cultivars 

with the highest N and lowest SD were 'Chardonnay' 

and 'Carmenere' (Table I). Similarly, the studies of 

Bodor et al. (2019), Teixeira et al. (2018), and Boso 

et al. (2016) found significant differences in the 

stomata morphology among different V. vinifera 

cultivars grown in Hungary, Portugal, and Spain, 

respectively. The authors found that the stomata  

were larger and wider (average SL and SW of 42 and 

25 um, respectively) than those observed in this 

study, but stomatal density was lower (30 stomata per 

mm2). The orthogonal contrasts showed that all 

stomatal traits, except SW, differed between red and 

white grapevine cultivars. White grapevine cultivars 

had 22%, 22%, and 19% higher N, SA, and SD, 

respectively, than the red ones. However, SL was 4% 

lower in red grapevine cultivars (Table II).
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Table I 

Means and standard errors (in parentheses) for stomatal traits in the 13 cultivars of V. vinifera under study 

Cultivar 
Stomatal traits 

SL (μm) SW (μm) N SD (N/mm2) SA (μm2) 

Red      

'Cabernet Franc' 23.7 (0.16) cd 16.1 (0.18) bcde 32.2 (1.13) bc 135.4 (4.78) bc 301.0 (5.02) bcd 

'Cabernet Sauvignon' 23.0 (0.28) de 15.3 (0.16) de 27.5 (1.09) cd 115.4 (4.61) cd 278.1 (5.95) def 

'Carmenere' 25.0 (0.34) abc 16.4 (0.26) abcd 24.1 (1.11) d 101.5 (4.66) d 324.6 (9.30) abc 

'Cot' 25.9 (0.28) a 17.3 (0.18) ab 31.1 (1.32) bc 130.9 (5.57) bc 352.7 (6.65) a 

'Grenache' 25.9 (0.27) a 15.8 (0.27) cde 32.3 (0.98) bc 135.6 (4.14) bc 323.7 (7.41) abc 

'Merlot' 25.1 (0.32) ab 16.4 (0.35) abcd 29.1 (1.44) cd 122.3 (6.04) cd 325.0 (10.66) abc 

'Mourvedre' 21.9 (0.44) e 13.8 (0.31) f  26.8 (1.34) cd 112.5 (5.62) cd 238.7 (9.69) f 

'Pinot Noir' 24.1 (0.25) bcd 17.6 (0.24) a 37.2 (1.59) ab 156.4 (6.70) ab 334.6 (7.44) ab 

'Syrah' 23.5 (0.29) d 15.8 (0.27) cde 29.8 (1.23) cd 125.1 (5.18) cd 293.6 (8.42) cde 

White      

'Chardonnay' 23.7 (0.16) bcd 16.2 (0.22) bcde 43.5 (1.70) a 182.9 (7.15) a 303.7 (5.49) bcd 

'Marzanne' 22.0 (0.31) e 14.9 (0.34) ef 29.4 (1.69) cd 123.6 (7.10) cd 261.3 (9.13) ef 

'Roussane' 23.5 (0.35) d 16.3 (0.36) abcd 42.3 (1.40) a 177.9 (5.90) a 304.6 (11.5) bcd 

'Sauvignon Blanc' 24.3 (0.32) bcd 16.6 (0.25) abc 39.7 (0.80) a 166.9 (3.39) a 320.3 (8.28) abc 

SL = Stomatal Length, SW = Stomatal Width, N = Number of stomata, SD = Stomatal Density, SA = Stomatal Area. Different letters within the same column indicate significant differences between cultivars (p<0.05). 
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Table II 

Means, standard errors (in parentheses) and p-values for the estimated orthogonal contrast on stomatal traits between red- versus white 

grapevine cultivars 

Trait 
Type of grape  

Red  White  p-value 

SL (μm) 24.3 (0.13) 23.4 (0.18) 0.000 

SW (μm) 16.1 (0.11) 16.0 (0.16) 0.992 

N 30.1 (0.51) 38.7 (0.99) 0.000 

SD (N/mm2) 126.7 (2.15) 162.8 (4.18) 0.000 

SA (μm2) 311.0 (3.61) 297.5 (5.13) 0.035 

SL = Stoma length, SW = stoma width, N = number of stomata per mm2, SD = stoma density, SA = Stomata area.  

 

Differences in stomatal morphology are associated 

with variations in light, air humidity, water 

availability, and atmospheric carbon dioxide 

concentration (Carson and Gray, 2008). The 

observed differences in stomatal traits between 

cultivars under study are likely due to genetic 

adaptations to the site conditions of their 

geographical origin, as the 13 cultivars of V. vinifera 

were grown under optimal agronomical conditions, 

which minimized environmental variations. Stomatal 

traits such as size and density influence plant 

photosynthesis, stomatal conductance, and water use 

efficiency (Franks and Beerling, 2009; Dow et al., 

2014). Plants with dense stomata generally have 

higher stomatal conductance and improved water use 

efficiency. In contrast, reductions in stomatal density 

can lead to conservative use of water because of 

decreased stomatal conductance and transpiration 

(Dittberner et al., 2018). 'Chardonnay', an 

anysohidric white grapevine cultivar originated from 

a mesic environment in France, might be an example 

of this (Schultz, 2003; Chaves et al., 2010). It has 

~163 stomata per mm2 and a high water use 

efficiency under water stress conditions (Gutiérrez-

Gamboa et al., 2019). Anisohydric cultivars of V. 

vinifera generally have a better performance in gas 

exchange parameters than isohydric cultivars under 

moderate water stress conditions (Pou et al., 2012). 

However, under severe water stress conditions, 

anisohydric cultivars may suffer dehydration 

(Chaves et al., 2016) due to their greater density of 

stomata, which implies a higher hydraulic 

conductance and vulnerability to embolism (Gerzon 

et al., 2015). On the other hand, red grapevine 

cultivars had a lower stomatal density (~127 stomata 

per mm2) which can drive to a conservative use of 

water because of the decrease in stomatal 

conductance and transpiration. For example, the 

isohydric cultivar 'Mourvedre', which is native to the 

Mediterranean region of Portugal, has lower stomatal 

size and density than other cultivars. This adaptation 

may help the plant conserve water under water stress 

conditions by minimizing transpiration (Poni et al., 

2007; Jones 2014; Serra et al., 2017). Consequently, 

as stomata density is considered an evolutionary 

adaptation rather than a short-term acclimation 

mechanism, the results of the present study should be 

complemented with determinations of stomatal 

conductance and midday leaf water potential to 

support the adaptations and strategies of the different 

cultivars under drought conditions. 

 

CONCLUSIONS 

This study provides insights into the stomatal traits 

of red and white grapevine cultivars of V. vinifera, 

which help regulate acquisition and carbon gain, and 

corroborates different adaptations for the 

environmental modulation of stomatal conductance 

and transpiration. These findings could be used to 

select better-adapted genotypes for future warmer 

and dry conditions in Mediterranean-type climate 

areas. 
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