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Abstract 

The present study aims to determine the changes in stomatal characters of several plants depending on the shadow 
conditions. Within this scope, the leaf samples were collected from Platanus orientalis, Cercis siliquastrum, Eonymus 
japonica, Cotoneaster franchettii, and Buxus sempervirens species grown in open spaces. Scales images of leaf samples 
were taken using Scanning Electron Microscope and measurements were performed on these images in order to 
determine the micro-morphological characteristics such as stoma length (µm), stoma width (µm), pore opening length 
(µm), and pore opening width (µm) in the statistical analyses. The changes of these characteristics depending on the 
species, individuals, and shadow conditions were determined. The results showed that the differences in stomatal 
characteristics were statistically significant only between the individuals, whereas the effects of light and individual 
were statistically non-significant.  
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1. Introduction

Plants fulfill various economic, ecological, and social functions in places, where they are grown [1,2]. However, these 
plants’ ability to fulfill their functions depends on their health and their ability to maintain their proper development. 
Plants’ growth, their morphological, anatomic, and phenological characteristics, and consequently any type of 
phenotypic characteristic are affected by the mutual interaction between genetic structure [3,4] and environmental 
conditions [5,6]. One of the most important environmental factors influencing the growth of plants is the light [7]. 
Although many studies investigated the effects of light on the development and morphological characteristics of plants, 
there are few studies examining how the stomatal characteristics are affected [8]. 

Stomas are the structures controlling the intake-output of CO2 and water vapor in leaves and having vital importance 
for the plant [9]. If the factors affecting the development of stomatal characteristics can be determined, then this 
information can be used in many fields such as examining the stress status of plants, as well as genetic variation studies. 
Within the scope of the present study, it was aimed to determine the change of stomatal characteristics depending on 
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the plant species, individual, and shadow conditions. In order to eliminate the effects of other factors, the present study 
involved only the leaf samples, which were grown in shadowy and sunny conditions and taken from the same plant.  

2. Material and methods 

The present study was carried out using Platanus orientalis, Cercis siliquastrum, Eonymus japonica, Cotoneaster 
franchettii, and Buxus sempervirens, which are frequently used in landscaping activities in Turkey and Europe. Within 
the scope of this study, three adult individuals, which fit the purpose of the study and were grown totally in open space 
(not affected by any structure or object nearby), from each species were determined. Then, 20 leaf samples were 
collected; 10 leaf samples from the individuals completely grown under light conditions and exposed to no shadow and 
10 leaf samples from the individuals completely grown under darkest shadow conditions. The leaf samples were 
collected since the mid of August.  

The collected leaf samples were pressed using the standard pressing method and then dried. Maximum effort was made 
in order to keep samples clean and free of any mold, fungus, etc. Then, the samples were taken to the laboratory and 
examined using an electron microscope. In examining the leaf samples, the images were taken from the leaf blade at a 
point close to the middle. The images obtained were recorded as “.jpeg” files. After these steps, ImageJ software was 
used in micromorphological measurements. Using this software, the following measurements were made:  

STL: Stoma length (µm) 
STW: Stoma width (µm) 
PORL: Pore opening length (µm), and  
PORW: Pore opening width (µm) 
 
The data obtained were analyzed in SPSS software using variance analysis and Duncan test and it was aimed to 
determine the changes in stomatal characteristics depending on the individual, species, and shadow conditions.  

3. Results  

Species-level mean values of the characteristics examined in the present study, F values obtained from the variance 
analysis, level of importance, and groupings found in the Duncan test are presented in Table 1. 

Table 1 Changes in characteristics by the species. 

Species PORL (µm) PORW (µm) STL (µm) STW (µm) 

Platanus orientalis 17,26 d 8,30 c 33,89 b 27,26 cd 

Cercis siliquastrum 14,97 c 4,94 a 22,48 a 12,59 a 

Eonymus japonica 11,29 b 6,61 b 24,30 a 19,60 b 

Cotoneaster franchettii 5,94 a 9,87 d 24,40 a 26,41 c 

Buxus sempervirens 5,96 a 10,75 d 24,32 a 28,87 d 

F Value 52,716 25,183 32,551 133,583 

Sig. 0,000 0,000 0,000 0,000 

 

Examining the table values, it can be seen that all the characteristics significantly differed by the species at the 
confidence level of 99.9%. It was interesting that the plane stomas were in the final homogeneous group in all the 
stomatal characteristics.  

Species-level mean values of leaf characteristics of individuals grown under light, as well as F values obtained from 
variance analysis, level of significance, and groups forming after Duncan test, are presented in Table 2. 
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Table 2 Species-based changes in characteristics of individuals grown under light conditions. 

Species PORL (µm) PORW (µm) STL (µm) STW (µm) 

Platanus orientalis 17,88 c 8,89 b 34,25 c 27,41 c 

Cercis siliquastrum 15,28 c 4,52 a 22,33 a 12,37 a 

Eonymus japonica 11,10 b 6,00 a 22,50 a 18,85 b 

Cotoneaster franchettii 7,68 a 10,63 bc 26,34 b 27,74 c 

Buxus sempervirens 5,70 a 11,54 c 24,83 ab 30,56 d 

F Value 26,681 22,257 20,854 110,233 

Sig. 0,000 0,000 0,000 0,000 

 

Given the values presented in Table 2, it can be seen for the individuals, which were not grown under shadow conditions, 
that all the characteristics significantly differed at the species level at the confidence level of 99.9%. The result of Duncan 
test suggested that Cercis siliquastrum was in the first homogeneous group in all the characteristics except for PORL, 
whereas the highest values were observed in Platanus orientalis for PORL and STL and in Buxus sempervirens for PORW 
and STW. 

For the individuals grown under shadow conditions, the mean values of leaf characteristics of individuals grown under 
light, as well as F values obtained from variance analysis, level of significance, and groups forming after Duncan test, are 
presented in Table 3. 

Table 3 Species-based change in the characteristics of individuals grown under shadow conditions. 

Species PORL (µm) PORW (µm) STL (µm) STW (µm) 

Platanus orientalis 16,64 c 7,70 b 33,54 c 27,11 c 

Cercis siliquastrum 14,66 c 5,35 a 22,63 a 12,82 a 

Eonymus japonica 11,48 b 7,22 ab 26,11 b 20,35 b 

Cotoneaster franchettii 4,20 a 9,10 bc 22,45 a 25,09 c 

Buxus sempervirens 6,23 a 9,96 c 23,82 ab 27,18 c 

F Value 28,853 7,245 17,869 54,183 

Sig. 0,000 0,000 0,000 0,000 

 

As with the individuals grown under light conditions, it was also determined for the individuals grown under shadow 
conditions that all the leaf characteristics significantly differed between the species at the confidence level of 99.9%. 
According to the results of Duncan test, Cercis siliquastrum was in the first homogeneous group in all the characteristics 
except for PORL, while the highest values were observed in Cercis siliquastrum and Platanus orientalis for PORL, in 
Platanus orientalis for STL, and in Buxus sempervirens for PORW and STW. The changes in the characteristics by the 
individuals grown under light conditions are presented in Table 4. 

 

 

 



World Journal of Advanced Research and Reviews, 2021, 09(03), 109–115 

112 

Table 4 Individual-level changes in the characters under the light conditions. 

Replication PORL (µm) PORW (µm) STL (µm) STW (µm) 

1 12,90 7,77 27,19 23,42 

2 10,79 8,39 26,21 23,25 

3 10,90 8,79 24,74 23,48 

F Value 0,722 0,358 0,783 0,004 

Sig. 0,492 0,701 0,464 0,996 

 

Given the values presented in Table, it can be seen that the individual-based changes in the characteristics under the 
light conditions were not statistically significant (p>0.05). The individual-based changes in the characteristics of 
individuals grown under shadow conditions are presented in Table 5. 

Table 5 Individual-based changes in the characteristics of individuals grown under shadow conditions. 

Replication PORL (µm) PORW (µm) STL (µm) STW (µm) 

1 11,91 7,77 26,34 23,02 

2 9,48 7,83 24,47 22,05 

3 10,53 8,00 26,31 22,46 

F Value 0,703 0,032 0,621 0,096 

Sig. 0,501 0,968 0,542 0,909 

 

As seen in Table, it can be stated that the individual-based changes in the characteristics of individuals grown under 
shadow conditions, as well as those grown under light conditions, were not statistically significant (p>0.05). 

4. Discussion 

As a result of the present study, it was concluded that the stomatal characteristics significantly different only between 
the species at the confidence level of 95% and the effects of the light and individual factors were found to be statistically 
non-significant (p>0.05). Thus, it can be stated that the most important factor influencing the stomatal characteristics 
is the plant species. 

The phenotypic characteristics of plants are shaped by the genetic structure and environmental conditions [10-14]. The 
primary factor determining the change in genetic structure is the species. Thus, previous studies reported that the major 
factor determining the changes in morphological characteristics [15], anatomic characteristics [16], 
micromorphological characteristics [17,18] and even elemental contents [19-21] is the plant species. 

Within the scope of the present study, the changes of stomatal characteristics depending on the species and shadow 
conditions were determined. Stomas are structures that are formed as a result of differentiation on the epidermis 
surface of the leaf and control the transpiration and gas exchange through their opening-closing properties [22,23]. The 
scanning electron microscope, which was used in taking the stoma images within the scope of the present study, 
provides a high level of magnification thanks to high-resolution imaging techniques. For this reason, it is possible to 
obtain morphological, structural, and elemental data from the plants at a high zoom level [9,24]. The data obtained can 
be used in various areas such as determining the stress level of plants, genetic variation studies, and determining the 
most suitable plant growth conditions [8]. 

However, for stomatal characteristics to be able to be used in specified areas, it is necessary to determine which factors 
shape these characteristics. Within the scope of the present study, it was found that the stomatal characteristics 
significantly varied between the species. Previous studies also reported similar results [24]. Moreover, it was also 
reported in the literature that stomatal characteristics and especially the stoma intensity are important ecophysiological 
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parameters shaped by various factors such as drought [25,26], light [7], and salt stress [27,28]. For this reason, stomatal 
characteristics might be affected by various environmental variables such as intensity, light, shadow, humidity, CO2, 
and drought [29,30]. Because the stomatal characteristics are shaped by environmental factors and genetic structure as 
all other phenotypic characteristics [8]. Thus, it can be stated that various environmental factors affecting the formation 
of phenotypic characteristics such as drought, frost, hormone application, air pollution, soil, etc. would also affect the 
stomatal characteristics. 

Stomatal characters are also affected by the genetic structure and the genetic structure significantly varies between the 
species. Besides that, it is known that genetic variations may be seen within the same species due to differences in 
growing conditions and origins [31-33]. Previous studies reported that stomatal characteristics might significantly vary 
between the individuals, which have been grown in the same environment, from the same species [9]. 

5. Conclusion 

Study results suggest that stomatal characteristics significantly varied only at the species level, whereas the effects of 
light and individuals remained statistically insignificant. Stomas are structures that are very important for plants and 
they might be affected by various environmental and genetic factors. However, there are few studies examining what 
these factors are and which level of effect they have. Examining the factors affecting stomatal characteristics, further 
studies on this subject may enable stomatal characteristics to be used in various areas such as the stress level of plants 
and the genetic variation studies. Thus, further studies on this subject are recommended.  
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