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The response of plants to environmental conditions is reflected in their 
stomatal characteristics, including stomatal type, number, and density. 
This novel research examines the influence of environmental factors on 
the stomatal characteristics of Fabaceae tree leaves in the Urban Forest 
of Maros Regency. The study explores the relationship between stomatal 
traits and environmental variables such as light intensity and air 
humidity. Data analysis employed Pearson correlation to assess how 
these variables affect stomatal number and density. The results reveal 
variations in stomatal types among Fabaceae species: Acacia exhibits 
diacytic stomata, Dadap Merah (Erythrina crista-galli L) has paracytic 
stomata, Trembesi shows normocytic stomata, and Sengon 
(Paraserianthes falcataria L) displays cyclocytic stomata. The study also 
finds that stomatal number and density are higher in the eastern region 
compared to the western region. Sengon exhibits the highest stomatal 
number and density among the species studied, whereas Dadap Merah 
has the lowest. Correlation analysis indicates that only the External Light 
Intensity of the Stand (ELIS) significantly affects stomatal number and 
density at the 0.05 (5%) level. Air humidity does not show a significant 
impact. These findings highlight the role of light intensity in shaping 
stomatal characteristics in Fabaceae trees within urban forests, 
contributing to a deeper understanding of plant-environment 
interactions and their ecological implications. 
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1. Introduction 
The existence of urban forests is a significant factor 
influencing social and ecological sustainability in 

cities (Djahangard et al., 2024). Urban forests 
enhance the well-being of urban residents by 
providing ecosystem services such as air purification, 

temperature regulation, and noise reduction (Nowak 
et al., 2014). Trees naturally absorb carbon dioxide, 

produce oxygen, and mitigate heat, leading to cooler 
ambient air temperatures, while also serving as noise 
reducers (Handayani et al., 2024). Research has 

demonstrated that urban forests can substantially 
alleviate urban heat island effects and improve air 
quality by filtering pollutants (Escobedo et al., 2011). 

The recommended proportion of green open space in 
urban areas is at least 30%, according to various 
urban planning guidelines aimed at ensuring 

environmental sustainability and public health (WHO, 
2016). The area of green open space in Maros 

Regency ranges from six to seven hectares, with 0.5 
hectares designated as an Urban Forest. In the Maros 
Regency Urban Forest, various types of trees exist, 
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playing an essential role in balancing air quality 
against activities occurring in urban areas. The 

diversity of tree species in urban forests bolsters 
resilience to pests and diseases, thereby ensuring 

long-term sustainability (Ordóñez & Duinker, 2013).  
The function of urban forests in Maros Regency plays 
an important role in maintaining the balance of the 

urban ecosystem. And one of the plant families 
commonly found in urban forests is Fabaceae, which 
is known for its high adaptability to various 

environmental conditions (Firmansyah et al., 2022). 
Stomata on Fabaceae leaves play a key role in the 

gas exchange process, which affects the efficiency of 
photosynthesis (Demars et al., 2024). Various 
environmental factors, such as temperature, 

humidity, and light intensity, contribute to the 
formation and distribution of stomata. (Merdekawati, 
2015) By understanding the characteristics of 

stomata on the leaves of Fabaceae trees, we can gain 
deeper insights into the adaptation of plants to the 

often-changing urban environment. (Suwandi, 2021) 
stated that green open spaces can balance CO₂ 
absorption and O₂ provision. Trees located in urban 

forest areas greatly affect the air around the urban 
forest, where trees have the ability to 
photosynthesize and in the photosynthesis process 

require stomata and chlorophyll (Juslina, 2022).  
The characteristics of stomata were influenced by the 

environmental conditions where the plants grow 
(Sinay & Lesilolo, 2020). The number and density of 
stomata show the response of plants to the 

environmental conditions where they grow 
(Merdekawati, 2015). The density and number of 

stomata were influenced by environmental 
conditions, where the density of stomata increases 
as light intensity increases to maximize carbon 

dioxide absorption (Budiono et al., 2016). One 
significant environmental factor is light intensity. 
Increased light intensity stimulates the process of 

photosynthesis, which in turn increases the plants' 
need for carbon dioxide (Chauhan et al., 2023). To 

meet this need, plants adapt by opening more 
stomata and increasing their density. Research 
shows that plants exposed to more light tend to have 

more and broader stomata, which allows for more 
efficient gas exchange.  
Besides light intensity, air humidity also plays a vital 

role in the regulation of stomata (Cambaba & Kasi, 
2022). In high humidity conditions, plants can open 

their stomata wider to enhance photosynthesis 
without worrying about losing too much water. 
However, in low humidity conditions, stomata will 

close to reduce evaporation, although this can limit 
photosynthesis capacity. (Raharjo et al., 2015). 

Therefore, plants must adapt to changing 
environmental conditions to balance photosynthesis 
needs and water conservation.  

The varying density and number of stomata among 
plant species indicate different environmental 
adaptations (Clark et al., 2022). Stomatal density 

and distribution are influenced by genetic factors as 
well as environmental conditions such as light 

intensity, humidity, and CO₂ concentration (Casson 
& Gray, 2008). In general, plants that grow in drier 
habitats have a higher stomatal density in response 

to water stress (Haworth et al., 2023; Sulistiyowati 
et al., 2021). This adaptation allows plants to 

optimize water use efficiency and maintain 
photosynthetic activity under limited water 

availability (Franks & Farquhar, 2007). Additionally, 
studies have shown that plants in arid environments 
often exhibit smaller stomata, which further 

enhances their ability to regulate water loss 
(Hetherington & Woodward, 2003). These 
adaptations highlight the critical role of stomata in 

plant survival and productivity under varying 
environmental conditions (Lawson & Blatt, 2014). 

The research aims to determine the influence and 
how environmental factors affect the stomatal 
characteristics of Fabaceae tree leaves in the Urban 

Forest of Maros Regency. 
 
2. Method 

1) Research Area 
This research was conducted in March-August 2024 

in the Urban Forest (Green Open Space) of Maros 
Regency (figure 1), The study was conducted in the 
Maros Regency Urban Forest, located in South 

Sulawesi, Indonesia. The urban forest covers an 
area of approximately 0.5 hectares and is home to 
a variety of tree species, including several members 

of the Fabaceae family. Analysis of research samples 
were carried out in the laboratory of the Faculty of 

Agriculture, Hasanuddin University. 
 

 
Figure 1. Research location in Maros in the Urban 

Forest (Green Open Space) of Maros Regency 
 

2) Tools and Materials 
The study used tools and materials consisting of Lux 
Meter, SPAD-502 Plus chlorophyll meter, Binocular 

Microscope, preparation glass, preparation box (slide 
box), razor blade (cutter), apparent isolation, pole, 
digital camera, pen, tally sheet. The materials used 

in the study consisted of: batteries, clear cuttings, 
and four types of Fabaceae plants, namely: Acacia 

tree leaves (Acacia auriculiformis), Dadap Merah 
plant leaves (Erythirna cristagelli L), Sengon tree 
leaves (Paraserianthes falcataria L), Trembesi tree 

leaves (Samanea saman (Jacq.) Merr.) 
 
3) Data Collection Methods and Instruments 

The data collected consists of two types. First, 
primary data is data obtained directly from 

observations, measurements, calculations, and data 
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analysis directly in the field related to the 
relationship of stomatal characteristics to 

environmental factors on the leaves of Fabaceae 
trees in the Urban Forest of Maros Regency. The 

second data is secondary data Secondary data is 
data obtained from literature studies by searching 
literature through numbers, scientific articles, books 

to support research is secondary data in this study. 

4) Sampling and Data Colection 
Leaf samples were collected from four Fabaceae 

species: Acacia auriculiformis, Erythrina cristagalli L., 
Paraserianthes falcataria L., and Samanea saman 

(Jacq.) Merr. For each species, five replicates were 
taken to ensure representative sampling (table 1). 
Light intensity and air humidity were measured using 

a Lux Meter and a hygrometer, respectively. 
 
Table 1. Population of Fabaceae trees in Maros Regency Urban Forest

No Fabaceae species Population Sampel repeatability 

1. Akasia (Acacia auriculiformis) 1 1 5 

2. Dadap merah (Erythirna cristagelli L) 2 1 5 
3. Sengon (Paraserianthes falcataria L) 2 1 5 
4. Trembesi (Samanea saman (Jacq.) Merr.) 1 1 5 

 Total 7 4 20 

 
Fabaceae trees in the Maros Regency urban forest 
have populations that can be seen in table 2, with a 

total population of Fabaceae as many as seven 
populations with acacia and trambesi populations of 
one tree each, Red Dadap and Sengon each there are 

two trees, For sampling, one tree each was taken in 
each type of Fabaceae and repeated sampling five 

times in each population sample. 
 
5) Laboratory Analysis 

The observation of stomatal type, stomatal number, 
and stomatal density on Fabaceae leaf types was 

conducted in the laboratory using a microscope with 
400x magnification and a field of view area of 0.025 
mm². Stomatal counting is done by counting the 

number of stomata visible in the observed area or a 
certain number of leaves. For example, count the 
number of stomata per unit of leaf area, such as 

mm² or cm². If different types of leaves or leaf parts 
are used, perform separate counts for each group. To 

quantify stomatal density, divide the number of 
stomata counted previously by the leaf area 
observed. For example, stomatal density can be 

expressed as the number of stomata per mm² or cm² 
of leaf. Stomatal density analysis is calculated using 
the formula below: 

Average stomata  = 
𝑺𝒂𝟏+𝑺𝒂𝟐+𝑺𝒂𝟑+⋯𝑺𝒂𝒏

𝒏
 

Somata density (𝑲𝒂𝒏) = 
 𝑎𝑣𝑒𝑟𝑎𝑔𝑒 𝑆𝑎

𝑭𝑽
 

Description: 
Fv : Field View (mm2) 
Sa1 : Number of stomata in 1st field of view 

Sa2 : Number of stomata in 2nd field of view 
Sa3 : Number of stomata in 3rd field of view 
San : Number of stomata in the field of view to (n) 

 
6) Data Analysis 

The data analysis method uses correlation analysis 
where the correlation analysis used is the correlation 
of persons (Crocker & Seber, 1980) to get the 

correlation value of Person (r) using the formula with 
the following equation (Stein & Corsten, 1991): 

𝑟𝑛    =    
𝑁 ∑ 𝑋. 𝑌 − ∑ 𝑋 ∑ 𝑌

√{𝑁 ∑ 𝑋2  − (∑ 𝑋)2}{𝑁 ∑ 𝑌2  − (∑ 𝑌)2} 
 

Description: 
RXy : Person Product Moment Correlation Coefficient 
x : Value of Independent Variabel 

y : The Value of the Independent Variable 
N : Number of Samples 

Analysis was used with the SmartStatXL v.3.6.5.5 
application to observe the effect of light intensity and 
air humidity on the number of stomata and stomatal 

density on the leaves of Fabaceae trees. 
 

3. Result  
1) Morphological characteristics of stomata on 

four Fabaceae species in the urban forest of 

Maros Regency 
Fabaceae trees include plant species that are 

commonly found in the Urban Forest area and also 
become road protection trees. Based on observations 
in the research location of the Maros Regency urban 

forest, there are 4 types of Fabaceae plants 
consisting of Acacia (Acacia auriculiformis), Red 
Dadap (Erythrina cristagelli L), Sengon 

(Paraserianthes falcataria L), and Trembesi 
(Samanea saman (Jacq).Merr). The results of 

observations in the microscope to see the type of leaf 
stomata in four species of Fabaceae (Acacia 
auriculiformis, Erythirna cristagelli L, Paraserianthes 

falcataria L, Samanea saman (Jacq.) Merr.), in the 
Maros Regency Urban Forest can be seen in Figure 2. 
In Figure 2, it can be seen that the leaves of Acacia 

type have diasitic type of stomata, for red dadap 
Merah type has parasitic type of stomata, trembesi 

has anomocytic type of stomata, and sengon type 
has cyclositic type of stomata. Stomata in Acacia 
auriculiformis (Akasia) species with diasitic type can 

be seen in (Figure 1.A), where in the stomata there 
is a closing cell and surrounded by two neighbouring 
cells with a perpendicular location to the axis of the 

closing cell. In Figure 1. B stomata on the type of 
Erythirna cristagelli L (Dadap Merah) with parasitic 

stomata type, with the characteristics of the 
stomata, there is one closing cell accompanied by 
one or more neighboring cells with unequal size.  The 

type of stomata in the Samanea saman (Jacq.) Merr.) 
(Trembesi) leaf type is anomositik, as shown in 

Figure 1. C can see the stomata have a cover cell 
surrounded by cells that resemble epidermal cells 
both in shape and size. The Paraserianthes falcataria 

L (Sengon) species with its stomatal type is the 
cyclomatic type, which has four or more neighboring 
cells surrounding the stomata in a circular pattern 
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(Figure 1.D). Although the four species observed are 
plant species from the same family, Fabaceae, they 

have different types of stomata in each species as 
obtained from the results of this study; this is 

because the habitat and water content of the 

environment or place of growth are different 
(Prastika et al., 2023). Internal factors, namely the 

genetics of each species, cause differences in the 
type and number of stomata in each species. (Latifa 

et al., 2022). 
 

 
Figure 2. Microscopic Viewing of Fabaceae Tree Stomata with 400 times magnification and a field of view 

area of 0.025 mm² 
 
2) Number and Density of Stomata in four 

Fabaceae Tree Species in the Urban Forest of  
Maros Regency 

The results of the analysis of the number and density 
of stomata in Fabaceae tree species (Acacia 

auriculiformis, Erythirna cristagelli L, Paraserianthes 

falcataria L, Samanea saman (Jacq.) Merr.)) in the 
urban forest of Maros Regency are shown in Table 2. 

 

Table 2. Number and Density of Stomata in four Fabaceae Tree Species in the Urban Forest of  Maros Regency 

No Tree Type of 
Fabaceae 

Number 
of ES 

Number 
of  
WS 

Number 
of ES & 

WS 

Density  
ES (mm²) 

Density  
WS  (mm²) 

Number of 
stomata 

density ES & 

WS 

1 Acacia 
auriculiformis 
(Akasia) 

6.913 6.547 13.460 45.730,67 43.309,51 89.040,18 

2 Erythirna 
cristagelli L 
(Dadap 

Merah) 

414 396 810 2.738,68 2.619,60 5.358,28 

3 Paraserianthes 

falcataria L 
(Sengon) 

96.628 93.773 190.401 639.210,64 620.324,33 1.259.534,97 

4 Samanea 

saman (Jacq.) 
Merr.) 

(Trembesi) 

46.147 41.846 87.993 305.270,24 276.818,40 582.088,64 

 Total 150.102 142.562 292.664 992.950,23 943.071,84 1.936.022,07 

Description: ES= Eastern Stomata, WS= West Stomata 
 

Of the four Fabacaeae tree species shown in table 2, 
the Sengon species has the highest number of 
stomata (190,401) and stomatal density 

(1,259,534.97), while the Dadap Merah species has 
the lowest number of stomata (810) and stomatal 
density (5,358.28). Table 1 also shows that the 

number and density of Western stomata are lower 
than the number and density of Eastern stomata. 

The results showed that the higher the number of 

stomata in plants, the higher the stomatal density.  
The density and number of stomata were influenced 
by environmental conditions, where the higher the 

light intensity, the higher the density (Budiono et al., 
2016). In line with the research results (Meriko & 
Abizar, 2017) which state that the number of 

stomata affects the density of stomata, namely, if the 
number of stomata is large, the stomatal density is 

also higher. However, light intensity that is too high 
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is also not good for plant growth, so stomata need 
optimum light intensity to maximize stomatal work. 

In the morning, the light intensity is low, which 
optimizes the work of the stomata, compared to the 

afternoon, which has a high light intensity, resulting 
in excessive water evaporation. 
 

3) Relationship between the number and 
density of stomata and environmental 
factors in the leaves of Fabaceae trees in the 

Maros Regency Urban Forest 
Analysis of the relationship between the number and 

density of stomata to environmental factors on 
fabaceae tree leaves in the urban forest of maros 
regency is shown in table 3. 

The correlation analysis of light intensity with the 
number of stomata and stomatal density showed 
(table 3) that only External Light Intensity of the 

Stand (ELIS) had a significant effect at the 0.05 (5%) 
level. In contrast, the Stand Light Intensity (SLI) 

does not significantly affect the number of stomata 
and stomatal density.  The results of this study 

indicate that any increase in External Light Intensity 
of the Stand (ELIS) will have a significant effect at 

the level of 0.05 (5%) on the ability of the number 
and density of Eastern stomata to absorb light by (-
0.74), meaning that any increase in External Light 

Intensity of the Stand (ELIS) will reduce the ability 
of the number and density of Eastern stomata to 
absorb light intensity by -74%. The measurement 

results of the air humidity factor, both standing 
humidity (SH) and External Humidity of the Stand 

(EHS) in the correlation results, did not significantly 
affect the number of stomata and stomatal density. 
The number and density of stomata in each type of 

Fabaceae tree are different, where the highest 
number of stomata and stomatal density level is 
found in the type of session, while the number of 

stomata and the lowest stomatal density level is in 
the type of Dadap Merah 

  
Table 3. Correlation Analysis of Light Intensity and Air Humidity on the Number and Density of Stomata in   

Fabaceae. 

Correlation Matrix Table (Pearson R) 

 
Number of 

ES 
Density 

ST 
Number of 

WS 
Density 

WS 

SLI -0.26 -0.26 -0.22 -0.22 

ELIS -0.74 * -0.74 * -0.73 * -0.73 * 

SH -0.09 -0.09 -0.09 -0.09 

KLT -0.08 -0.08 -0.09 -0.09 

Description: SLI= Stand Light Intensity, ELIS= External Light Intensity of the Stand, SH= Stand Humidity, 

EHS= External Humidity of the Stand, ES= Eastern Stomata, WS= West Stomata.  
*) Significant at the real level of 0.05, The number on the body of the table is the value of the correlation 

coefficient. 
 
The results of this study were supported by research 

(Carranza-Ramírez et al., 2025), which states that 
each plant cell has a different sensitivity and will 
affect the response in plants even given the same 

light intensity. The resulting research is also 
supported by research results (Juairiah, 2014), 

which state that differences in the number of 
stomata and stomatal density are influenced by 
internal factors, namely genetic differences, and 

external factors, namely the growing environment. 
(Rachmawati & Pujawati, 2020) stated that stomatal 
density is a genetic trait (heredity). This is supported 

by the results of research (Meriko & Abizar, 2017), 
which states that the level of stomatal density in 

each type of plant is different and influenced by the 
environment, such as water availability, 
temperature, CO₂ concentration, and light intensity. 

One of them is that the higher the light intensity, the 
higher the density of stomata on the leaf surface will 
also increase. 

 
4. Discussion 

The stomatal characteristics of the four Fabaceae 
species vary in terms of stomatal type, which differs 
among each species. This variation is influenced by 

environmental and genetic factors. Environmental 
factors affecting stomatal type include light intensity 

and air humidity. Although all six plant species 

belong to the same family, they exhibit different 

stomatal types due to differences in their habitats 
and water availability in their growing environments 
(Prastika et al., 2023). Internal factors, such as the 

genetic makeup of each species, also play a 
significant role in determining the type and number 

of stomata (Latifa et al., 2022).  
The stomatal type of the Acacia leaf is diacytic, 
characterized by two subsidiary cells surrounding the 

guard cells, positioned perpendicular to the long axis 
of the guard cells. Banyan and Capilong plants 
exhibit paracytic stomata, while palm has 

mesoperigenous stomata, and Acacia has diacytic 
stomata (Papuangan et al., 2014). The Red Dadap 

(Erythrina) species has paracytic stomata, where the 
long axis of the guard cells is parallel to the 
subsidiary cells, while the Trembesi (Rain Tree) 

species has anomocytic stomata, where the number 
of subsidiary cells surrounding the guard cells is 
indeterminate and indistinguishable from other 

epidermal cells.  
Three types of stomata were observed in this study: 

the Rain Tree (Ki Hujan) leaf has anomocytic 
stomata, the Butterfly Tree (Kupu-kupu) leaf has 
anisocytic stomata, and the Red Dadap (Dadap 

Merah) has paracytic stomata (Jaya et al., 2014). 
The Sengon (Albizia) species exhibits cyclocytic 

stomata, where four or more subsidiary cells form a 
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ring-like structure around the stomata. Cyclocytic 
stomata are characterized by four or more subsidiary 

cells arranged in a circular pattern surrounding the 
stomata (Evert, 2006).  

The results of the study on the number and density 
of stomata in Fabaceae plants indicate that the 
number and density of stomata on the western side 

are lower compared to those on the eastern side. The 
higher the light intensity received by the trees, the 
greater the number and density of stomata. 

Stomatal density and number are influenced by 
environmental conditions, where higher light 

intensity leads to higher stomatal density (Budiono 
et al., 2016). Additionally, this is supported by 
research from (Meriko & Abizar, 2017), which states 

that the number of stomata affects stomatal density, 
meaning that a higher number of stomata results in 
greater stomatal density. However, excessively high 

light intensity is also not beneficial for plant growth, 
as stomata require optimal light intensity to function 

efficiently. In the morning, light intensity is not too 
high, allowing stomata to work more optimally 
compared to midday, when light intensity is high, 

leading to excessive water evaporation. Genetic 
factors and the differing environmental conditions of 
the plant's habitat also influence stomatal 

characteristics. Furthermore, light intensity, water 
availability, temperature, and CO₂ concentration are 

additional factors that affect the number and density 
of stomata (Juma’ani & Munawwaroh, 2017).  
The number and density of stomata vary among each 

Fabaceae tree species, with the highest stomatal 
count and density found in the Sengon (Albizia) 

species, while the lowest stomatal count and density 
are observed in the Dadap Merah (Erythrina) species. 
These findings are supported by research from 

(Salisbury & Ross, 1995), which states that each cell 
in plants has varying sensitivities, influencing the 
plant's response even when exposed to the same 

light intensity. The results are further corroborated 
by a study from (Juairiah, 2014), which explains that 

internal factors, such as genetic variation, and 
external factors, such as the environmental 
conditions of the growing site influence differences in 

stomatal nu. Rachmawati and Pujawati (2020) state 
that stomatal density is a genetic trait (inherited). 
This is supported by research from (Meriko & Abizar, 

2017), which indicates that stomatal density varies 
among plant species and is influenced by 

environmental factors such as water availability, 
temperature, CO₂ concentration, and light intensity. 
For instance, higher light intensity leads to an 

increase in stomatal density on the leaf surface.  
The relationship between stomatal number, stomatal 

density, and environmental factors—specifically light 
intensity and air humidity—shows that only External 
Light Intensity has a significant influence. Each 

increase in External Light Intensity affects the ability 
of the stomata on the eastern and western sides to 
absorb light. As External Light Intensity increases, 

the stomata tend to close to prevent excessive water 
evaporation, thereby reducing light absorption by the 

stomata. This is supported by research from Sumadji 
(2020), which states that stomatal closure is an 
adaptation mechanism to drought stress, reducing 

transpiration rates and preventing water loss during 
periods of high light intensity and temperature. 

Additionally, research by Sudomo (2009) indicates 
that both extremely low and extremely high light 

intensities negatively impact plant growth by slowing 
it down, as they affect the functioning of stomatal 
cells in the leaves. Each tree species has an optimal 

range of light intensity, within which stomatal 
function can operate efficiently. Sudomo (2009) 
further emphasizes that optimal light intensity is 

crucial for maximizing plant growth. However, Light 
Intensity, Stand Humidity, and External Humidity do 

not have a significant effect on stomatal number and 
density. Future research should explore the effects of 
varying CO₂ concentrations and soil moisture on 

stomatal behavior, as these factors were not 
addressed in this study. Additionally, long-term 
monitoring of stomatal adaptations to seasonal 

changes and extreme climate conditions could 
provide deeper insights into plant resilience. Genetic 

analysis of stomatal traits and comparative studies 
across different ecosystems would further enhance 
our understanding of stomatal adaptations in 

Fabaceae species 
 
5. Conclusion 

This study analysed the relationship of stomatal 
characteristics in Fabaceae tree leaves with 

environmental factors, specifically light intensity and 
air humidity in the Maros City Forest. The results 
showed that the type, number and density of 

stomata varied among Fabaceae species, reflecting 
adaptation to specific environmental conditions. 

External light intensity (ELIS) had a significant effect 
on stomatal number and density with a negative 
correlation at the 5% significance level. In contrast, 

light intensity within the stand (SLI) had no 
significant effect because the trees provided shading 
that stabilised the light intensity. Air humidity inside 

and outside the stand had no significant impact on 
stomata as the variation was small in the urban 

forest environment. Other factors, such as plant 
genetics and carbon dioxide concentration, are more 
dominant in influencing stomatal characteristics.  

This study has limitations, such as not considering 
seasonal variability as well as other factors such as 
carbon dioxide concentration, soil quality, and air 

temperature. Addressing these variables in future 
research could provide a more comprehensive 

understanding of the environmental drivers 
influencing stomatal behaviour. Further research is 
recommended to explore the genetic mechanisms 

underlying stomatal differentiation and to expand 
the study to other plant families within the Maros 

Regency urban forest. Such investigations would 
enhance our knowledge of plant adaptive strategies 
and support the development of effective 

conservation practices. Moreover, integrating 
physiological measurements, such as transpiration 
rates and photosynthetic efficiency, could provide a 

more holistic understanding of how stomatal 
behaviour influences plant ecology. 
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