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Abstract

Urban air pollution is a growing environmental concern, particularly in rapidly developing cities where vehicular
emissions contribute significantly to deteriorating air quality. This study investigates the correlation between
stomatal density in jackfruit (Artocarpus heterophyllus Lamk.) leaves and air quality in Bandar Lampung, focusing
on two high-traffic urban locations: Sultan Agung Street and Pangeran Emir M Noer Street. Using a quantitative
approach, leaf samples were collected through purposive sampling and analyzed for stomatal density using light
microscopy (400x magnification). Concurrently, air quality was measured by assessing carbon monoxide (CO),
nitrogen oxides (NOXx), and particulate matter (PM10 and PM2.5) concentrations, which were compared against
National Ambient Air Quality Standards (PP No. 41 of 1999). The results indicate a positive correlation between
traffic intensity and stomatal density, suggesting that jackfruit trees increase stomatal density as an adaptive
response to vehicular pollution. However, while enhanced stomatal density may improve CO: uptake for
photosynthesis, excessive stomatal opening could lead to higher pollutant absorption, necessitating stomatal
closure mechanisms during peak pollution periods. The findings confirm that jackfruit trees can serve as effective
bioindicators for urban air pollution monitoring, given their physiological adaptability and widespread distribution
in tropical urban settings. This research underscores the potential of plant-based bioindicators in sustainable air
quality assessment and urban environmental management strategies.
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INTRODUCTION

Urban air pollution has become a major environmental issue worldwide, particularly in rapidly
developing cities. Vehicular emissions [1], industrial activities[2], and urban expansion [3]
significantly contribute to the decline in air quality, leading to adverse effects on human health
and the environment [2], [4], [5], [6], [7], [8]. Among various approaches to monitor air pollution,
biological indicators such as plants have gained increasing attention due to their ability to provide
real-time environmental feedback. The stomatal density of plant leaves is one of the key
physiological traits that can be influenced by air pollutants, making it a reliable bioindicator of air
quality [9], [10], [11]. The role of Artocarpus heterophyllus Lamk. (jackfruit) as a bioindicator
remains underexplored despite its wide distribution in urban landscapes. Jackfruit trees are
frequently planted along roadsides due to their large, broad leaves and high dust retention capacity,
making them a suitable candidate for air quality monitoring. That stomatal damage is more
prevalent in plants exposed to higher pollution levels, emphasizing the importance of anatomical
and physiological adaptations in response to urban environmental stress [12].

In Bandar Lampung, an emerging urban center in Indonesia, the increasing number of vehicles
contributes to heightened air pollution levels, particularly in areas with dense traffic. Preliminary
studies indicate that pollutant concentrations, such as carbon monoxide (CO) and nitrogen oxides
(NOXx), remain within national ambient air quality standards, yet their potential effects on urban
vegetation require further investigation. The present study aims to assess the correlation between
stomatal density in jackfruit leaves and air quality in two key urban locations—Sultan Agung
Street and Pangeran Emir M Noer Street. By integrating plant-based bioindicators with air
pollution analysis, this research seeks to provide an alternative approach for urban environmental
monitoring while contributing to the growing body of knowledge on plant physiological responses
to air pollutants.

Through this study, we hypothesize that higher stomatal density in jackfruit leaves is associated
with increased exposure to vehicular emissions and that variations in stomatal characteristics can
serve as an effective tool for air quality assessment. The findings from this research are expected
to enhance our understanding of plant-based bioindicators, support sustainable urban planning,
and offer insights into the role of urban greening in mitigating air pollution effects.

METHODS

This study employs a quantitative approach using laboratory experiments and field observations.
The research aims to analyze the correlation between stomatal density in jackfruit leaves
(Artocarpus heterophyllus Lamk.) and air quality in Bandar Lampung, focusing on two main
locations: Sultan Agung Street and Pangeran Emir M Noer Street.

The population in this study consists of jackfruit leaves (Artocarpus heterophyllus Lamk.) growing
naturally along the two research locations. The samples were selected using purposive sampling,
with the following criteria:

e The leaves must be in healthy condition and free from mechanical damage.

e The jackfruit trees must be located within approximately 10 meters from the roadside.

e Three different sampling points were selected in each location to ensure data accuracy.
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1. Data Collection Techniques

e The collected leaves from each location were analyzed using the epidermal impression
method to identify stomata under a microscope.

e Samples were observed under a 400x magnification light microscope.

e Stomatal density was calculated using the formula number of stomata per unit area (mm?).
o Air Quality Measurement

e Air quality data at the research sites were obtained through direct measurement using an

e The measured air quality parameters included:
o Carbon Monoxide (CO) concentration
o Nitrogen Oxide (NOx) concentration
o Particulate Matter (PM10 and PM2.5)

e The results were compared against the National Ambient Air Quality Standards (PP No.
41 of 1999).

2. Data Analysis Techniques

e Stomatal density data from each location were tested for normality to ensure data
distribution validity.

e Pearson Correlation Test was conducted to determine the relationship between stomatal
density and pollutant concentration.

e The results were presented in scatter plots and linear regression graphs to illustrate the
relationship patterns between variables.

e Pollutant data were analyzed according to national standards (National Ambient Air
Quality Standards — PP No. 41 of 1999).

e The results were compared across research locations to determine the level of air
pollution.

RESULT AND DISCUSSIONS

The research results indicate that the stomatal density of jackfruit leaves (Artocarpus heterophyllus
Lamk.) varies across the two study locations, Sultan Agung Street and Pangeran Emir M Noer
Street, which have different traffic intensities. The data is presented in Table 1 :

Table 1. Stomatal Density

Location Location 1 Location 2 Location 3 Average

(stomata/mm?)  (stomata/mm?)  (stomata/mm?)  (stomata/mm?)
Sultan Agung 261.57 371.61 193.62 275.06
Pangeran Emir M 304.03 385.52 180.03 289.886
Noer

1. Description:

2. Low density (<300 stomata/mm?)

3. Moderate density (300-500 stomata/mmg?)
4. High density (>500 stomata/mm?)

Based on the observations conducted, the stomatal density and leaf condition of jackfruit
(Artocarpus heterophyllus Lamk.) in Sultan Agung are presented in Figures 1 to 6 as follows.
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Figure 1. Stomatal density of jackfruit leaves Figure 2. Condition of jackfruit leaves

Location 2 in Sultan Agung
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Figure 3. Stomatal density of jackfruit leaves Figure 4. Condition of jackfruit leaves

Location 3 in Sultan Agung

Figure 5. Stomatal density of jaékfruit leaves Figure 6. Condition of jackfruit leaves

Based on the observations conducted, the stomatal density and leaf condition of jackfruit
(Artocarpus heterophyllus Lamk.) in Pangeran Emir M Noer are presented in Figures 7 to 12 as
follows.
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Figure 7. Stomatal density of jackfruit leaves Figure 8. Condition of jackfruit leaves

Location 2 in Pangeran Emir M Noer

Figure 9. Stomatal density of jackfruit leaves Figure 10. Condition of jackfruit leaves

Location 3 in Pangeran Emir M Noer

Figure 11. Stomatal density of jackfruit Figure 12. Condition of jackfruit leaves
leaves

Based on field observations, the morphological differences in jackfruit leaves between the two
study locations are presented in Table 2 :
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Table 2. Leaf Morphology Comparison

No Leaf Street
" Morphology Sultan Agung Pangeran Emir M Noer
1.  Leaf Shape Oval Oval
2. Leaf Size Length ranges from 16.2-20cm, Length ranges from 11.51-15.5cm,
width 7.1-8.7cm width 6.5-7.7cm
3. Leaf Apex Pointed Rounded-pointed
4.  Leaf Base Blunt Blunt
5. Leaf Margin  Entire Entire
6. Leaf Alternate Alternate
Arragement
7.  Leaf Venation Pinnate Pinnate

8.  Leaf Surface  Upper surface is smooth, glossy Upper surface is smooth, gloosy and
and shiny; lower surface is shiny; lower surface is slightly rough
slightly rough

9.  Leaf Color Dark green Dark green

10. Leaf Type Simple Simple

Based on the vehicle speed measurements at Sultan Agung and Pangeran Emir M Noer, the
emission factors for CO (carbon monoxide) and NOXx (nitrogen oxides) were determined. Table 3
presents the total emissions and a comparison of CO and NOx concentrations with the National
Ambient Air Quality Standards (mg/ms).

Table 3. Total Emission Factors and Comparison of CO and NOx with National Ambient Air
Quality Standards

Total CO Total NOx National Ambient Air Quality

No Location (mg/m?) (mg/m3) Standards
Total CO(mg/m?3)
1 Sultan Agung 3,521.81 107.97 30,000
2 Pangeran Emir M Noer  3,573.19 110.67 30,000

The correlation between stomatal density in jackfruit leaves and NOx and CO emission factors at
Sultan Agung Street and Pangeran Emir M Noer Street is presented in Table 4 below.

Table 4. Stomata Density and Emission Factors (NOX and CO)

Location Stomata Density NOx Emission Factor  CO Emission Factor
(stomata/mm?) (mg/md) (mg/m3)
Sultan Agung 371.61 38.06 1182.73
261.57 36.23 1178.00
193.62 33.68 1161.08
Pangeran Emir M 385.52 40.49 1180.93
Noer 304.03 35.85 1180.93
180.03 34.33 1097.17

The differences in the average values of stomatal density observed in this study are attributed to
variations in stomatal numbers in jackfruit (Artocarpus heterophyllus Lamk.) leaves across the two

102 WI E Pendidikan
Indonesia



research locations: Sultan Agung Street and Pangeran Emir M Noer Street. The variation in
stomatal number significantly influences stomatal density, which in turn reflects the environmental
conditions of the plant’s habitat. Increased stomatal density is an adaptive response of plants to
heightened levels of vehicular exhaust emissions, which are directly associated with the volume
of traffic passing through these roads upa[13], [14], [15], [16]. Even that when air quality remains
within permissible standards, plants growing in polluted environments exhibit a gradual reduction
in stomatal numbers as an adaptive mechanism to limit pollutant absorption [17]. demonstrated
that prolonged exposure to pollutants, even at low concentrations, can lead to progressive
alterations in stomatal characteristics, affecting overall plant physiological functions such as
photosynthesis and gas exchange efficiency. This suggests that while the pollution levels in the
studied areas remain under threshold limits, continued exposure over time may induce
physiological stress on urban vegetation [18], [19].

In addition to influencing stomatal density, this study also found an increase in stomatal size as an
adaptive response of plants to environmental stress caused by air pollution. The elongation of
stomata functions as a compensatory mechanism to ensure optimal CO: uptake for photosynthesis,
especially when stomatal numbers decrease over time. This adaptation enables plants to maintain
metabolic efficiency despite exposure to pollutants. Furthermore, the role of stomata as
bioindicators and biomonitors of air quality has been widely documented in various studies,
showing that plants with higher stomatal density tend to be more effective in absorbing and
accumulating airborne pollutants, such as heavy metals and fine particulate matter (PM10 and
PM2.5). This condition suggests that, in addition to facilitating gas exchange, stomata play a
crucial role in the physiological response of plants to environmental pollution, making them a
potential indicator for urban air quality monitoring. [20], [21].

The findings of this study indicate that the increase in vehicle traffic volume correlates with an
increase in stomatal density in jackfruit leaves, supporting the hypothesis that plants in polluted
environments adapt by increasing the number of stomata to optimize CO: absorption for
photosynthesis. However, while a higher stomatal density can enhance photosynthetic efficiency,
excessive stomatal opening also increases the risk of pollutant uptake, including fine particulate
matter (PM10 and PM2.5), heavy metals, and toxic gases such as NOx and CO. To mitigate these
risks, plants in polluted environments develop additional adaptive mechanisms, such as stomatal
closure during periods of high pollution, to minimize the negative effects of air contaminants on
physiological processes. Urban air pollution primarily originates from vehicular emissions and
industrial activities, with the transportation sector contributing approximately 60—70% of total air
pollution, while industrial emissions account for only about 10-15%. ehicle volume and noise
levels are interrelated, as an increase in the number of vehicles of all types leads to higher noise
levels and greater air pollution [22]. The incomplete combustion of fossil fuels in motor vehicles
releases exhaust gases that can alter plant anatomy and physiological functions, including stomatal
modifications as an adaptive response to prolonged pollutant exposure [23], [24], [25]. In this
context, the observed adjustments in stomatal characteristics of jackfruit leaves suggest that this
species responds to environmental changes caused by air pollution.

Given its specific physiological responses to air quality, this study confirms that jackfruit trees
have the potential to serve as bioindicators of urban air pollution. Their widespread distribution in
tropical regions, combined with their ability to adjust stomatal density and morphology in response
to air quality changes, makes them an ideal species for long-term environmental monitoring.
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Utilizing plants as biological indicators offers an ecological and sustainable approach to air quality
assessment, supporting broader urban pollution mitigation strategies while promoting green
infrastructure development.

CONCLUSION

This study confirms that stomatal density in jackfruit leaves (Artocarpus heterophyllus Lamk.) can
serve as an indicator of air quality variations in urban environments, particularly those influenced
by vehicular emissions. The findings reveal a positive correlation between traffic intensity and
stomatal density, indicating that plants adapt to elevated air pollution levels by increasing stomatal
numbers to optimize CO: absorption for photosynthesis. However, while higher stomatal density
enhances photosynthetic efficiency, it also heightens the absorption of airborne pollutants,
including NOx, CO, and fine particulate matter (PM10 and PM2.5), prompting plants to develop
stomatal closure mechanisms during periods of high pollution as a protective response against
physiological disruptions. The comparison between Sultan Agung Street and Pangeran Emir M
Noer Street demonstrates that variations in stomatal morphology can be utilized to assess pollution
levels across different urban locations. Although pollutant concentrations remain within the limits
set by the National Ambient Air Quality Standards (PP No. 41 of 1999), the observed physiological
responses suggest that prolonged exposure to pollutants may gradually impact plant metabolism
and gas exchange efficiency. Consequently, this study reinforces the potential of jackfruit trees as
bioindicators of urban air pollution, which can be incorporated into vegetation-based
environmental monitoring systems. By integrating plant bioindicators into air pollution analysis,
this research contributes to a more sustainable and ecological approach to pollution assessment,
supporting mitigation efforts and the development of green infrastructure for healthier urban
environments. Further studies are needed to explore the long-term stomatal responses to seasonal
variations and different pollution levels, ensuring the optimal and effective application of
bioindicators in urban environmental management.

AUTHORS INFORMATION

Authors

Fadhilah Savana Nurun Nahari— Department of Biology Education, Universitas Islam Negeri Raden
Intan Lampung (Indonesia)

Email: fadhilahsavanall@gmail.com

Authors

Ovi Prasetya Winandari- Department of Biology, Universitas Islam Negeri Raden Intan Lampung
(Indonesia)

Email: oviprasetyawinandari@radenintan.ac.id

Corresponding Authors

Ayu Rahmawati Sulistiyaningtyas — Department of Medical Laboratory Technology, Universitas
Muhammadyah Semarang (Indonesia)

Email: ayurs@unimus.ac.id

104 WI E Pendidikan
Indonesia


mailto:fadhilahsavana11@gmail.com
mailto:oviprasetyawinandari@radenintan.ac.id
mailto:ayurs@unimus.ac.id

REFRENCES

[1] P. Patton, J. Perkins, W. Zamore, J. 1. Levy, D. Brugge, dan J. L. Durant, “Spatial and
temporal differences in traffic-related air pollution in three urban neighborhoods near an
interstate  highway,” Atmos. Environ., vol. 99, pp. 309-321, Dec. 2014.
https://doi.org/10.1016/j.atmosenv.2014.09.072

[2] C.-A. Ku, “Exploring the spatial and temporal relationship between air quality and urban
land-use patterns based on an integrated method,” Sustainability, vol. 12, no. 7, art. no. 7,
Jan. 2020. https://doi.org/10.3390/su12072964

[3] W.T. Dibaba dan M. K. Leta, “Assessment the potential impacts of urbanization: Case of
Jimma City (Research Note),” Iran. J. Energy Environ., vol. 10, no. 3, 2019.
https://doi.org/10.5829/1JEE.2019.10.03.06

[4] O. O. Akomolafe, T. Olorunsogo, E. C. Anyanwu, F. Osasona, J. O. Ogugua, dan O. H.
Daraojimba, “Air quality and public health: A review of urban pollution sources and
mitigation measures,” Eng. Sci. Technol. J., vol. 5, no. 2, art. no. 2, Feb. 2024.
https://doi.org/10.51594/estj.v5i2.751

[5] S. K. E. T. dan Dr. K. R., “Impact of urban development on air quality and predictive
analysis,” Int. J. Res. Publ. Rev.,, vol. 5 no. 3, pp. 1994-2004, Mar. 2024.
https://doi.org/10.55248/gengpi.5.0324.0727

[6] L.P.Clark, D.B. Millet, And J. D. Marshall, "Supporting Information (Si)".

[7] M. . Bechle, D. B. Millet, dan J. D. Marshall, “Effects of income and urban form on urban
NO:: Global evidence from satellites,” Environ. Sci. Technol., vol. 45, no. 11, pp. 4914—
4919, Jun. 2011. https://doi.org/10.1021/es103866b

[8] S. Patel, “The potential for urban vegetation to mitigate ambient air pollution threats to
public health,” Topophilia, pp. 53-62, Oct. 2020. https://doi.org/10.29173/topo28

[9] L. D. Rocha, G. M. D. Costa, G. Gehlen, A. Droste, dan J. L. Schmitt, “Morphometric
differences of Microgramma squamulosa (Kaulf.) de la Sota (Polypodiaceae) leaves in
environments with distinct atmospheric air quality,” An. Acad. Bras. Ciénc., vol. 86, pp.
1137-1146, Jul. 2014. https://doi.org/10.1590/0001-3765201420130094

[10] M. F. Azzazy, “Plant bioindicators of pollution in Sadat City, Western Nile Delta, Egypt,”
PLoS One, vol. 15, no. 3, p. e0226315, Mar. 2020.
https://doi.org/10.1371/journal.pone.0226315

[11] M. B. Nikoli¢ et al., “Needle morpho-anatomy and pollen morphophysiology of selected
conifers in urban conditions,” Appl. Ecol. Environ. Res., vol. 17, no. 2, pp. 2831-2848, 2019.
https://doi.org/10.15666/aeer/1702_28312848

[12] H. Dadkhah-Aghdash, M. Rasouli, K. Rasouli, dan A. Salimi, “Detection of urban trees
sensitivity to air pollution using physiological and biochemical leaf traits in Tehran, Iran,”
Sci. Rep., vol. 12, no. 1, p. 15398, Sep. 2022. https://doi.org/10.1038/s41598-022-19865-3

[13] R. K. Upadhyay et al., “Slerf36, an ear-motif-containing ERF gene from tomato, alters
stomatal density and modulates photosynthesis and growth,” J. Exp. Bot., vol. 64, no. 11, pp.
3237-3247, Aug. 2013. https://doi.org/10.1093/jxb/ert162

[14] F.l.Woodward, J. A. Lake, And W. P. Quick, "Stomatal Development And Co2: Ecological
Consequences,” New Phytol., Vol. 153, No. 3, Pp. 477-484, 2002, Doi: 10.1046/J.0028-
646x.2001.00338.X.
https://doi.org/10.1046/j.0028-646X.2001.00338.x

105 WI E Pendidikan
Indonesia


https://doi.org/10.1016/j.atmosenv.2014.09.072
https://doi.org/10.3390/su12072964
https://doi.org/10.5829/IJEE.2019.10.03.06
https://doi.org/10.51594/estj.v5i2.751
https://doi.org/10.55248/gengpi.5.0324.0727
https://doi.org/10.1021/es103866b
https://doi.org/10.29173/topo28
https://doi.org/10.1590/0001-3765201420130094
https://doi.org/10.1371/journal.pone.0226315
https://doi.org/10.15666/aeer/1702_28312848
https://doi.org/10.1038/s41598-022-19865-3
https://doi.org/10.1093/jxb/ert162
https://doi.org/10.1046/j.0028-646X.2001.00338.x

[15] T. Hong, H. Lin, dan D. He, “Characteristics and correlations of leaf stomata in different
Aleurites montana provenances,” PL0S One, vol. 13, no. 12, p. e0208899, Dec. 2018.
https://doi.org/10.1371/journal.pone.0208899

[16] L. Nerva, W. Chitarra, G. Fila, L. Lovat, dan F. Gaiotti, “Variability in stomatal adaptation
to drought among grapevine cultivars: Genotype-dependent responses,” Agriculture, vol. 13,
no. 12, art. no. 12, Dec. 2023. https://doi.org/10.3390/agriculture13122186

[17] A. Pourkhabbaz, N. Rastin, A. Olbrich, R. Langenfeld-Heyser, And A. Polle, "Influence Of
Environmental Pollution On Leaf Properties Of Urban Plane Trees, Platanus Orientalis L.,"
Bull. Environ. Contam. Toxicol., Vol. 85, No. 3, Pp. 251-255, Sep. 2010, Doi:
10.1007/S00128-010-0047-4.
https://doi.org/10.1007/s00128-010-0047-4

[18] S. Muneer, T. H. Kim, B. C. Choi, B. S. Lee, And J. H. Lee, "Effect Of Co, Nox And So2
On Ros Production, Photosynthesis And Ascorbate-Glutathione Pathway To Induce
FragariaxAnnasa As A Hyperaccumulator,” Redox Biol., Vol. 2, Pp. 91-98, Jan. 2014, Doi:
10.1016/J.Redox.2013.12.006.
https://doi.org/10.1016/j.redox.2013.12.006

[19] S. Papazian And J. D. Blande, "Dynamics Of Plant Responses To Combinations Of Air
Pollutants,” Plant Biol., Vol. 22, No. S1, Pp. 68-83, 2020, Doi: 10.1111/PI1b.12953.
https://doi.org/10.1111/plb.12953

[20] K. Karbstein, S. Tomasello, And K. Prinz, "Desert-Like Badlands And Surrounding (Semi-
)Dry Grasslands Of Central Germany Promote Small-Scale Phenotypic And Genetic
Differentiation In Thymus Praecox," Ecol. Evol., Vol. 9, No. 24, Pp. 14066-14084, 2019,
Doi: 10.1002/Ece3.5844.
https://doi.org/10.1002/ece3.5844

[21] V. Velikova Et Al., "Physiological And Structural Adjustments Of Two Ecotypes Of
Platanus Orientalis L. From Different Habitats In Response To Drought And Re-Watering,"
Conserv. Physiol.,, Vol. 6, No. 1, Jan. 2018, Doi: 10.1093/Conphys/Coy073.
https://doi.org/10.1093/conphys/coy073

[22] 1. M. Ardianti, D. A. Setiarini, D. Andandaningrum, dan A. Mughofar, “Noise level analysis
due to motor vehicle traffic: A case study at UIN Raden Intan Lampung,” E3S Web Conf.,
vol. 482, p. 01009, 2024. https://doi.org/10.1051/e3sconf/202448201009

[23] N. Halizah, H. Z. Zahro', And D. Rudhistiar, "Rancang Bangun Sistem Monitoring Polusi
Udara Pada Budidaya Tanaman Sayur Hidroponik," Jati J. Mhs. Tek. Inform., Vol. 5, No. 1,
Art. No. 1, Feb. 2021, Doi: 10.36040/Jati.V5i1.3216.
https://doi.org/10.36040/jati.v5i1.3216

[24] D. S. Salsabil, S. Rahmawati, dan L. 1. Ardhayanti, “Tanaman mahoni (Swietenia
macrophylla) sebagai bioindikator pencemaran udara khususnya logam Pb, Cu, Zn di
Universitas Islam Indonesia,” Open Sci. Technol., vol. 1, no. 2, art. no. 2, Dec. 2021.
https://doi.org/10.33292/0st.vol1n02.2021.33

[25] L. V. Gunawan dan M. Effendy, “Pengaruh campuran bioetanol biji durian pada bahan bakar
pertalite terhadap performa mesin dan emisi gas buang kendaraan,” Rotasi, vol. 21, no. 2,
pp. 76-81, May 2019. https://doi.org/10.14710/rotasi.21.2.76-81

106 WI E Pendidikan
Indonesia


https://doi.org/10.1371/journal.pone.0208899
https://doi.org/10.3390/agriculture13122186
https://doi.org/10.1007/s00128-010-0047-4
https://doi.org/10.1016/j.redox.2013.12.006
https://doi.org/10.1111/plb.12953
https://doi.org/10.1002/ece3.5844
https://doi.org/10.1093/conphys/coy073
https://doi.org/10.1051/e3sconf/202448201009
https://doi.org/10.36040/jati.v5i1.3216
https://doi.org/10.33292/ost.vol1no2.2021.33
https://doi.org/10.14710/rotasi.21.2.76-81

