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ABSTRACT

Air pollution is a common environmental problem. Planting trees can minimize the adverse effects of air
pollution. Plants can absorb and accumulate air pollutants through stomata. Biochemical changes in the leaves
will appear as a physiological response of plants to air pollution that can be known by calculating the APTT (Air
Pollution Tolerance Index) value. This study aimed to analyze the differences in physiological responses of five
tree species in Taman Margasatwa Ragunan (TMR) South Jakarta and Universitas Indonesia (UI) Depok Campus
as well as to find out the proper tree species planted in areas with high levels of air pollution. The leaves of five
species (Hevea brasiliensis, Manilkara kankz, Artocarpus heterophyllus, Ficus septica, and Mangifera indica) were used to
examine the effect of air pollution. Biochemical parameters (relative water content, leaf extract pH, total
chlorophyll content, and ascorbic acid content) were observed from each species. The value of each parameter
was calculated into the APTI equation. H. brasiliensis, F. septica, and M. indica were categorized as moderately
tolerant plants, M. kauki were included as intermediate plants, and A. heterophyllus was a sensitive plant to air
pollution in both locations. The highest APTI values were observed in M. indica in both locations. Thus, the
recommended species planted in a polluted area was M. indica.
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INTRODUCTION

Air pollution is one of the environmental
problems faced by many countries in the world
(Shaddick ez al. 2020), especially in developing
countries (Mannucci & Franchini 2017). Air
pollution comes from natural factors and
anthropogenic factors (humans) (Susanto 2020).
The use of motor vehicles is the largest
contributor to pollution in the air. The use of
low-quality fuel can worsen air quality in the
environment (Uka ez a/ 2019). Pollutant gases
produced include carbon monoxide (CO), sulfur
dioxide (SO, nitrogen oxides (NOy),
hydrocarbons, volatile organic compounds
(VOCs), and particulate matter (PM) (Uka ez al.
2019). Developing countries account for
50 - 80% of the NO; and CO gases in the air
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from motor vehicles (Adeyanju 2018). Poor air
quality can cause diseases in humans, such as
cough, asthma, respiratory diseases, lung
cancer, to cardiovascular disease (Manisalidis
et al. 2020).

Plants can absorb and accumulate various
air pollutants by absorption through stomata
on the leaves (Uka e 4/ 2019). Based on
research by Roshintha and Mangkoedihardjo
(2016) mentioned  that  Samanea  saman
can absotb CO, of 3,252.1 g/hour, Swietenia
macrophylla  3,112.43  g/hour followed by
Baubinia  purpurea  1,331.38  g/hour, Alstonia
scholaris 1,319.35 g/hout, and Ficus benjamina
1,146.51 g/hour. This proves that plants can
absorb and accumulate air pollutants, such as
COa. Plants exposed to air pollutants will show
morphological, anatomical, biochemical, and
physiological responses (Uka ez a/. 2019).
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Changes in biochemical content in the leaves,
namely RWC (Relative Water Content), leaf
extract pH, total chlorophyll content, and
ascorbic acid content will occur when pollutant
gases enter leaf tissue (Uka e @/ 2019). This
happens in response to plant physiology to air
pollution. The level of plants tolerance to air
pollution can be determined by calculating the
value of the air pollution tolerance index (APTI)
based on changes in biochemical content that
happens in the leaves (Zhang e a/. 2016). Plants
having a good tolerance level can play a role in
controlling air pollutants in the environment
(Ogunkunle ez /. 2015).

Taman Margasatwa Ragunan (TMR) South
Jakarta and UI Depok Campus are green areas
located in urban areas (Taman Margasatwa
Ragunan 2021; Universitas Indonesia 2021) with
a high level of air pollution. However,
conditions in both locations are assumed to be
different. The intensity of vehicles in the UI
Depok Campus is higher than that in the TMR.
Hence, the study aimed to: 1) analyze the

difference in physiological responses of five tree
species in TMR and Ul Depok Campus based
on the tolerance index and 2) find out the right
tree species to plant in areas with high levels of
air pollution.

MATERIALS AND METHODS

Study Area

The study was conducted in November 2021
located at Taman Margasatwa Ragunan (TMR)
South  Jakarta and UI Depok Campus
(intersection area near the rectorate building).
Sampling points were depicted in Figure 1.
Five tree species observed in this study were
Hevea  brasiliensis, Manilkara kanki, Artocarpus
heterophyllus, Ficus septica, and Mangifera indica.
The coordinate points of the five tree plant
species in  both locations were recorded
based on GPS (Global Positioning System)

(Table 1).
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Figure 1 Location of sampling points in Taman Margasatwa Ragunan (left) and UI Depok Campus (right) (intersection
area near the rectorate building)
Notes: Plants shown are: 1 = H. brasiliensis, 2 = M. kauki, 3 = A. heterophyllus, 4 = F. septica, and 5 = M. indica.
Table 1 Coordinate points of five tree species at TMR and Campus UI Depok
No. Species TMR Ul
1 Hevea brasilionsis 06°18.385' S 06°20.923' S
: evea prasiien 106°49.165' E 106°49.609' E
) . 06°18.492' S 06°21.998' S
2. Manilkara kanfi 106°49.206' E 106°49.571' E.
06°18.602' S 06°22.017'S
3. Artocarpus heteroplylins 106°49.158' E 106°49.628' E
4 Fions sebtic 06°18.658' S 06°21.996' S
: v septica 106°49.142' 106°49.580' E
06°18.699' S 06°21.993'S

5. Mangifera indica

106°49.239' E

106°49.567' E
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Environmental Parameters

Soil temperature, relative humidity, and soil
pH were measured in November 2021 at both
study locations. Temperature and relative
humidity were measured over the 4 weeks at
both study locations starting from the first
sampling activity. Monthly average rainfall data
were obtained from BPS Kota Jakarta Selatan
(2021) for South Jakarta and from the study
conducted by Said and Widayat (2014) for
Depok area. Soil samples were collected from 3
different points at each location. The
measurement of soil pH was based on a method
described by Nadgorska-Socha ez a/. (2017) using
a digital pH meter with a ratio of soil and
distilled water weight of 1 : 2.5.

Sampling and Preparation

Leaf samples came from five species, i.e.,
H. brasiliensis, M. kanki, A. heterophyllus, F. septica,
and M. indica. The samples came from a tree
with a height of at least 1.5 m (Kaur & Nagpal
2017) which faced toward sunlight and roads
(Zhang et al. 2016). Samples were collected three
times from the same individual. The samples
were taken to the laboratory for cleaning, and
then weighed according to the required leaf
weight for each test. Subsequently, the samples
were stored in a freezer having temperature of
-20 °C until the sample were ready to be tested
(Zhang et al. 2010).

Relative Water Content (RWC)

RWC measurement was carried out following
the method described by Ghafari ez al. (2020)
with modifications. As much as 5 g of leaves
samples were soaked in distilled water for 24
hours. Then, the samples were re-weighed and
recorded as turgid weight. Subsequently, the
samples were oven-dried at 50 °C until reaching
a constant weight and the weight was recorded
as dry weight. The RWC values were expressed
in percent and calculated based on the formula:

FW — DW

RCW (%) = — o D

x 100

where:

FW = fresh weight (g);
TW = turgid weight (g);
DW = dry weight (g).
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Leaf Extract pH

The pH measurement of leaf extract was
conducted following the method described by
Kaur and Nagpal (2017) with modifications.
A total of 5 g of leaves samples were extracted
with 50 mL of distilled water. The extract was
filtered and measured using a digital pH meter.

Total Chlorophyll Content

Measurement of total chlorophyll content
was carried out following the method described
by Manjunath and Reddy (2019). A total of 0.5 g
of leaves samples were extracted and
homogenized with 10 mL of 80% acetone. The
extract was centrifuged at 2,500 rpm for 3
minutes. Supernatant volumes were measured
and absorbed at wavelengths of 663 nm and 645
nm using UV-Visible spectrophotometers. The
total chlorophyll content was calculated based
on formula as follows (Bharti ef a/. 2018):

Chlorophyll a (mg/g) = 12.7 (Age3) - 2.69 (Ass) X % x W
Vv
Chlotophyll b (mg/g) =229 (A645) -4.68 (Aﬁ(,}) X m x W

Total chlorophyll (mg/g) = chlorophyll a + chlorophyll b

where:

Age; = absorbance at wavelength 663 nm;
Ags = absorbance at wavelength 645 nm;
\Y supernatant volume (mL);

W = sample weight (g).

Ascorbic Acid Content

Measurement of ascorbic acid content were
carried out following the method described by
Patel and Kumar (2018) wusing titration.
The leaves samples solution was extracted with
100 mL of 4% oxalic acid. The extract was
centrifuged at 2,500 rpm for 3 minutes. The
sample solution and blanko were titrated using a
dye solution until the color turned pink. The
ascorbic acid content was calculated based on
the formula:

05mg ~ VomL 100 mL «

Viml X 5mr ¥ w X1

Ascorbic acid (mg/100 g sample) =

where:

W = sample weight (g);

V1 = volume of blanko solution;
V, = volume of sample solution.
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Air Pollution Tolerance Index (APTTI)

The value of each parameter is calculated into
an equation described by Zhang e a/l. (2016):
A(T+P)+R

APTI = 10

where:

A = ascorbic acid content (mg/100g sample);
T = total chlorophyll content (mg/g);

P = leaf extract pH;

R = Relative Water Content (RWC).

The values obtained are categorized based on
the category of plant responses described by
Sahu ez al. (2020):

a) APTI < Mean APTI — SD : sensitive (S)
b) Mean APTI — SD < APTI < Mean APTI :

intermediate (I)
¢) Mean APTI < APTI < Mean APTI + SD :

moderately tolerant (MT)

d) APTI > Mean APTI + SD : tolerant (T)

Air Pollution Data Collection

The daily average of air pollutants (PMas,
PM,,, CO, HC, NO,, O3, and SOZ) in both Study
locations (TMR and UI Depok Campus) was
obtained from the ISPUNet KLHK ver 1.4.5
application. The data were recorded in the
morning at 7 AM, noon at 12 PM, and in the
afternoon at 5 PM. Data were collected from
early October to the end of November 2021.
The established range of ISPU (air pollutant
standard index) values is as follows: a) Good:
1 - 50, b) Medium: 51 - 100, c¢) Unhealthy:
101 - 200, d) Very unhealthy: 201 - 300,
e) Dangerous: > 301 (Kementerian Lingkungan
Hidup dan Kechutanan Republik Indonesia
2020).

Data Analysis

Data were analyzed descriptively.
Environmental and biochemical parameters as
well as APTI values were calculated for the
average values. The average values of those
parameters at the two study locations were then
compared. Data were presented in the form of
tables and bar charts.

RESULTS AND DISCUSSION

The average air temperature in Ul Depok
Campus was relatively higher than that in TMR

(Table 2). Both study locations are green areas
that have
Higher air temperatures can reduce the humidity
(Utami ez al. 2020). Our study found out that the
average air temperature in TMR was lower with
higher relative humidity than that in Ul Depok
Campus. Within the period of our study, the
average rainfall in South Jakarta was 235.96 mm
per month (BPS Kota Jakarta Selatan 2021) and
in Depok was 278 mm per month (Said &
Widayat 2014).

similar environmental conditions.

Table 2 Comparison of environmental parameters in
TMR and UI Depok Campus in November 2021

No. Environmental TMR UI Depok
parameters Campus
g Average 30354053 30.75%+0.64
temperature (°C)
Average relative
2. humidity (%) 57.50£3.51 55.5043.11
3. Average soil pH 7.45%0.77 7.21£0.88

Based on the ISPU data, the range of
APTI value for all types of pollutants was
0.00 - 80.72 (Fig. 2). The lowest index was
observed on HC in Depok (0.00) and the
highest on PM,s in Jakarta (80.72). Both were
observed in October 2021. In October 2021, the
PM,s, CO, HC, NO,, and O; indices were
observed to be higher in Jakarta, while SO, was
higher in Depok. Meanwhile, similar indices in
both regions were observed in PMj.
Furthermore, in November 2021, the PMa,s,
PMi, NO, O; and SO, indices were
observed higher in Depok, while CO and
HC remained high in Jakarta. The high SO;
and PM,;s indices in Depok was presumably
due to the high level of vehicle traffic on the
highway, especially during peak hours. Visibility
will decrease along with the increased levels of
PM.s and PMjy in the air
Lingkungan Hidup dan Kehutanan Republik
Indonesia 2021) because the air is filled with
fine dust that can be inhaled by the respiratory
system. The main sources of PMzs and PM;,

(Kementerian

pollutants come from combustion activities,

such as the use of vehicles, construction
activities, up to

(Haryanto ¢# al. 2016).

coal-fired power plants
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Figure 2 Average air pollutant index in Jakarta and Depok in October and November 2021

H. brasiliensis, M. faunki, F. septica, and M.
indica are the three tree species which have
higher scores of RWC in the UI Depok Campus
than that in TMR (Fig. 3A). Meanwhile, the
RWC value of A. heterophyllus in both locations
had the similar lowest RWC values. Water plays
a role in maintaining the physiological balance of
plants under environmental stress. Humidity and
temperature in the environment affect the RWC
values of the leaves. RWC wvalues tend to
decrease in plants that are exposed to high
temperature  and  drought  environment
(Rowshanaie ez al. 2014; Zhang et al. 2010).
Meanwhile, tolerant plants usually have a high
RWC value (Bahadoran ez a/. 2019). RWC values
are related to plant tolerance levels to air
pollution. The high RWC value of a species
indicates that plants have a good tolerance to air
pollution (Zhang ef al. 2016; Kaur & Nagpal
2017). Based on RWC values in our study,
M. indica, F. septica, and H. brasiliensis are more
tolerant to air pollution. Meanwhile, the lowest
RWC values were observed in A. heterophyllus at
both locations. This is presumably because
A. heterophyllus  cannot adapt well to an
environment that tends to be dry (Centre for
Agriculture and Bioscience International 2019).

Leaf extract pH of the five species in Ul
Depok Campus was higher than that in TMR
(Fig. 3B). Leaf extract pH is related to the
sensitivity of plants to air pollution (Kaur &
Nagpal 2017). Plants exposed to air pollutants,
especially SO, tend to produce a large amount
of H" cellular fluid. The H" will react with SO
to form H,SO, which cause a decrease in leaf
extract pH. The high leaf extract pH indicates
that the plant can well absorb SO, and NO
(Zhang et al. 2016). Trees having low leaf extract
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pH values indicate that the trees are more
sensitive to air pollution compared to those
having high leaf extract pH, which are more
tolerant to air pollution (Bahadoran ez a/. 2019;
Uka et al. 2019). F. septica and H. brasiliensis in our
study have high leaf extract pH value compared
to other species and are thought to be more
tolerant to air pollution.

The total chlorophyll content of three species
namely H. brasiliensis, F. septica, and M. indica was
observed to be higher in TMR than in UI
Depok Campus. On the other hand, M. kauki
and A. heterophyllus have higher total chlorophyll
in Ul Depok Campus than that in TMR
(Fig. 3C). Chlorophyll is the main component of
green coloring in plants (Kaur & Nagpal 2017).
Air pollutants entering the leaf tissue through
the stomata cause chlorophyll to degrade. SO, in
the air affects the total chlorophyll of the leaves.
High concentration of SO, cause a decrease in
total chlorophyll content (Zhang ef al. 20106).
Total chlorophyll in the leaves is also affected by
high temperatures, dry environments, salt stress,
and light intensity (Zhang ef a/. 2016). Other
factors, such as plant species and leaf age, also
affect total chlorophyll content (Kaur & Nagpal
2017). The observed higher SO, index value in
Depok area is suspected to be the cause of the
low total chlorophyll content in tree species in
Ul Depok Campus. The higher average air
temperature, trees position, and high light
intensity are also suspected to be the cause of
the low total chlorophyll content. Meanwhile,
M. kanki and A. heterophyllus showed lower total
chlorophyll content in TMR, which is attributed
to the location of trees that are more exposed to
sunlight, thus having high light intensity.
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The ascorbic acid content of H. brasiliensis,
M. kanki, and A. heterophyllus was higher in TMR.
Meanwhile, F. septica and M. indica in Ul Depok
Campus had a higher ascorbic acid content than
that in TMR (Fig. 3D). Ascorbic acid is an
antioxidant that plays an important role in
maintaining the stability of cell division and cell
membranes while in environmental stress. The
ascorbic acid plays an important role in the
synthesis of the cell wall. Ascorbic acid in plants
is related to plants responses to environmental
stress such as air pollution, heavy metals,
drought, and high temperatures (Gallie 2013;
Zhang et al. 2016). High ascorbic acid content
indicates a good tolerance to SO in the air (Uka
et al. 2019). Plants having high ascorbic acid
content are more tolerant to air pollution
compared to those having low ascorbic acid
content (Zhang et al 2016). M. indica and
F. septica in Ul Depok Campus had a higher
ascotbic acid content than those in TMR, which
indicated that both species had a good tolerance
to SO, gas that was observed to be higher in
Depok. H. brasiliensis in TMR was also observed
to have the highest ascorbic acid content
compared to other species, which indicated that
the three tree species (M. indica, F. septica, and
H. brasiliensis) were more tolerant plants.

Air pollution tolerance index (APTI) values
illustrate the level of plants tolerance to air
pollution. Based on our study, the APTI values
of H. brasiliensis, M. kauki, F. septica, and M. indica
in Ul Depok Campus were higher than that in
TMR. Meanwhile, APTI value of .A. heterophylins
were higher in TMR compared to that in Ul
Depok Campus. Based on the categories of
plant responses to air pollution described by
Sahu ez al. (2020), each species has the same
responses in both locations (Table 3).

The higher the APTI value, the higher the
tolerance of plant to air pollution. Plants that
are sensitive to air pollution tend to have low
values of RWC, leaf extract pH, and ascorbic
acid content. Meanwhile, plants that are more
tolerant of air pollution tend to have high values
of RWC, leaf extract pH, and ascorbic acid
content. There is a link between the leaf extract
pH and ascorbic acid content. The high leaf
extract pH increases the efficiency of converting
hexose sugar into ascorbic acid which leads to
an increase in the ascorbic acid content
(Bakiyaraj & Ayyappan 2014). Conversely, the
low leaf extract pH decreases the efficiency of
converting hexose sugar to ascorbic acid, so the
ascorbic acid content tends to be low (Kaur &
Nagpal 2017).
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Figure 3 Biochemical parameters of five tree species in TMR and UI Depok Campus
Notes: A = Relative Water Content; B = leaf extract pH; C = total chlorophyll; and D = ascorbic acid.
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Table 3 Biochemical parameters, APTI values, and response categories of five tree species in TMR and UI Depok

Campus
‘ RWC eaf extract pH Total chlorophyll Ascorbic acid APTI Respoqse
Species (%) (mg/g) (mg/100g sample) categories
TMR Ul TMR Ul TMR Ul TMR Ul TMR Ul TMR Ul
g:ij;em 93.45+0.58 98.13£0.57 7.04£0.41 7.10£0.32 1.3820.03 1.29+0.04 0.29+0.00 0.10£0.00 9.59+0.50 9.89£0.57 MT  MT
Manilkara
P 85.1141.33 88.6122.68 5.8020.20 5.84+0.07 1.00£0.09 1.07+0.14 0.17+0.03 0.10£0.00 8.62+0.15 8.93+0.27 1 I
Artocarpus _
b 72.66+4.35 72.2244.12 6.30£0.29 6.42+0.18 1.3620.01 1.40£0.02 0.12+0.03 0.10£0.00 7.35£0.43 7.302041 S S
eterophyllus
Ficus septica 95.5241.10 96.38£0.38 7.3140.00 7.33£0.01 1.1240.04 1.10£0.07 0.08£0.03 0.10£0.00 9.62+0.12 9.72+0.04 MT  MT
Mangifora 5 140,61 98304027 586+0.18 5924015 113+0.02 0.9740.05 023+0.02 026003 9.91+0.06 10024002 MT  MT

indica

Notes: Mean (n = 3); S = sensitive, I = intermediate, MT = moderately tolerant, T = tolerant.

Plants tolerance levels studied in TMR can be
sequenced as follows: M. indica > F. septica > H.
brasiliensis > M.  fauki > A.  heterophyllus.
Meanwhile, the sequence of tolerance level in
UI Depok Campus is as follows: M. indica >
H. brasiliensis > F. septica > M. fanki >
A. heterophyllus. In addition, the study results
showed that APTI wvalues in TMR and UI
Depok Campus had similar values, which was
presumably due to the current condition of the
Covid-19 pandemic. During the Covid-19
pandemi, the number of vehicles passing
through the UI Depok Campus area become
fewer, so the pollutants produced are also less
compared to the conditions before the Covid-19
pandemic. The environmental conditions in
both locations tend to be the same.

Plants having low APTI values can act as
environmental bioindicators, as they are more
sensitive to air pollution. Meanwhile, plants
having higher APTI values can be used as
bioaccumulators of air pollution because they
have a good ability to absorb and accumulate
various pollutants scattered in the air through
leaf stomata. Plants which are tolerant and
moderately tolerant to air pollution can be
grown in environments having high levels of air
pollution, such as in urban areas, areas with
heavy traffic, and industrial areas (Kaur &
Nagpal 2017; Uka ez a/. 2019).

A. heterophyllus has the lowest APTI values in
both locations and is categorized as a sensitive
plant to air pollution. The plant has a high total
chlorophyll content and low leaf extract pH as
well as ascorbic acid content. Meanwhile,
M. indica has the highest APTI values in both
locations. The total chlorophyll content and leaf
extract pH in M. indica 1s quite low when
compared to other species. However, M. indica
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has a high ascorbic acid content and the highest
RWC value compared to other species.
Therefore, M. indica is the best plant to be grown
in areas with high levels of air pollution. Other
than that, M. indica has a large tree stature, a
large and wide canopy, and a large number of
leaves (Febrianti & Sulistyantara 2020). M. indica
is also a native plant of Indonesia (Centre for
Agriculture and Bioscience International 2022)
and resistant to strong winds, so it is not easily
uprooted (Plants For A Future 2022). F. septica
and H. brasiliensis can be the alternative choices
because these two tree species have moderate
level of tolerance as M. indica to air pollution.

CONCLUSION

H. brasiliensis, M. fauki, A.  heterophyllus,
F. septica, and M. indica had the same responses
in Taman Margasatwa Ragunan South Jakarta
and Ul Depok Campus. H. brasiliensis, F. septica,
and M. indica are categorized as moderately
tolerant, M. kauki includes intermediate plant,
and A. beterophyllus is a sensitive plant to air
pollution based on air pollution tolerant index
(APTI) values. Based on APTI wvalues and
physical characteristics of the tree, the right tree
species to plant in an area with high levels of air
pollution is M. indica.

ACKNOWLEDGMENTS

We would like to thank Hibah Publikasi
Terindeks Internasional (PUTI) Prosiding 2020
No.: NKB-3584/UN2.RST/HKP.05.00/2020
for financial support provided during this
research.



Trees physiological responses to air pollution — Hamid ez a/.

REFERENCES

Adeyanju AA. 2018. Effects of vehicular emissions on
human health. J Clean Energy Technol 6(6):
411-20.

Bahadoran M, Mortazavi SN, Hajizadeh Y. 2019.
Evaluation of anticipated performance index,
biochemical, and physiological parameters of
Cupressus arizonica Greene and Juniperus excelsa Bieb
for greenbelt development and biomonitoring of
air pollution. Int ] Phytoremediation 21(5):
496-502.

Bakiyaraj R, Ayyappan D. 2014. Air pollution tolerance
index of some terrestrial plants around an
industrial area. Int ] Mod Res Rev 2(1): 1-7.

Bharti SK, Trivedi A, Kumar N. 2018. Air pollution
tolerance index of plants growing near an
industrial site. Urban Clim 24: 820-9.

BPS Kota Jakarta Selatan. 2021. Kota Jakarta Selatan
dalam angka 2021 [South Jakarta in numbers
2021]. Jakarta (ID): BPS Kota Jakarta Selatan.

Centre for Agriculture and Bioscience International
[Internet]. 2019. _Artocarpus heterophyllus (jackfruit).
Wallingford, UK: Centre for Agriculture and
Bioscience International; [updated 2019 Dec 20;
cited 2021 Oct 17]. Available from: https://
www.cabi.org/isc/datasheet/1832

Centre for Agticulture and Bioscience International
[Internet].  2022.  Mangifera  indica  (mango).
Wallingford, UK: Centre for Agriculture and
Bioscience International; [updated 2022 Feb 15;
cited 2022 May 29]. Available from: https://
www.cabi.org/isc/datasheet/34505

Febrianti AM, Sulistyantara B. 2020. Evaluation of
physical function and air pollution tolerance of
roadside in Bogor Garden’s
surrounding. Earth Environ Sci 501: 1-9.

tree Botanical

Gallie DR. 2013. L-ascorbic acid:
molecule  supporting  plant

development. Scientifica: 1-24.

a  multifunctional
growth  and

Ghafari S, Kaviani B, Sedaghathoor S, Allahyari MS. 2020.
Assessment of air pollution tolerance index (APTT)
for some ornamental woody species in green space
of humid temperate region (Rasht, Iran). Environ
Dev Sustain 23: 1579-600.

Haryanto B, Resosoedarmo B, Utami STB, Hartono B,
Hermawati E. 2016. Effect of ambient particulate
matter 2.5 Micrometer (PMas) to prevalence of
impaired lung function and asthma in Tangerang
and Makassar. ] Kesehat Masy Nas 10(4): 145-9.

Kaur M, Nagpal AK. 2017. Evaluation of air pollution
tolerance index and anticipated performance index
of plants and their application in development of
green space along the urban area. Environ Sci
Pollut Res 24: 18881-95.

Kementerian Lingkungan Hidup dan Kehutanan Republik
Indonesia [Internet]. 2020. Peraturan Menteri
Lingkungan Hidup dan Kehutanan Republik

Indonesia Nomor P.14/MENLHK/SETJEN/
KUM.1/7/2020 tentang Indeks Standar Pencemar
Udara.  Jakarta,  Indonesia: Kementerian

Lingkungan Hidup dan Kehutanan Republik
Indonesia; [updated 2020; cited 2021 Dec 16].
Available  from:  https://ditppu.menlhk.go.id/
pottal/uploads/news/1600940556_P_14_2020_
ISPU_menlhk_07302020074834.pdf

Kementerian Lingkungan Hidup dan Kehutanan Republik
Indonesia [Internet]. 2021. Index kualitas udara.
Jakarta, Indonesia: Kementerian Lingkungan
Hidup dan Kehutanan Republik Indonesia;
[updated 2021; cited 2021 2021 Dec 16]. Available
from: http://iku.menlhk.go.id/aqms/uploads/
docs/ispu.pdf

Manisalidis I, Stavropoulou E, Stavropoulos A,
Bezirtzoglou E. 2020. Environmental and health
impacts of air pollution: a review. Front Public
Health 8(14): 1-13.

Manjunath BT, Reddy J. 2019. Comparative evaluation of
air pollution tolerance of plants from polluted and
non-polluted regions of Bengaluru. ] Appl Biol
Biotechnol 7(3): 62-8.

Mannucci PM, Franchini M. 2017. Health effects of
ambient air pollution in developing countries. Int |
Environ Res Public Health 14(9): 1-8.

Nadgoérska-Socha A, Kandziora-Ciupa M, Trzesicki M,
Barczyk G. 2017. Air pollution tolerance index and
heavy metal bioaccumulation in selected plant
species from urban biotopes. Chemosphere 183:
471-82.

Ogunkunle CO, Suleiman LB, Oyedeji S. Awotoye OO,
Fatoba PO. 2015. Assessing the air pollution
tolerance index and anticipated performance index
of some tree species for biomonitoring
environmental health. Agrofor Syst 89: 447-54.

Patel D, Kumar JIN. 2018. An evaluation of air pollution
tolerance index and anticipated performance index
of some tree species considered for green belt
development: A case study of Nandesari Industrial
Area, Vadodara, Gujarat, India. Air Pollut Res Rep
7:1-13.

Plants For A Future [Internet]. 2022. Mangifera indica — 1.
Dawlish, UK: Plants For A Future; [updated 2022;

cited 2022 May 29].  Available from:
https://pfaf.org/user/Plant.aspxrLatinName=Ma
ngifera+indica

Roshintha RR, Mangkoedihardjo S. 2016. Analisis

kecukupan ruang terbuka hijau sebagai penyerap
emisi gas karbon dioksida (COz) pada Kawasan
Kampus ITS Sukolilo, Surabaya [Analysis of the
adequacy of green open space as an absorber of
catbon dioxide (COz) gas emissions in the ITS
Sukolilo campus area, Surabaya]. ] Tek ITS 5(2):
132-7.

201



BIOTROPIA Vol. 29 No. 3, 2022

Rowshanaie H, Jaafar HZ, Halim MRA, Wahab PEM,
Rowshanaie O. 2014. Impact of different water
levels on growth, plant water relations and
photosynthesis parameters in seedling of tongkat
ali (Ewurycoma longifolia Jack). Open ] Water Pollut
Treat 1(3): 11-20.

Sahu C, Basti S, Sahu SK. 2020. Air pollution tolerance
index (APTI) and expected performance index
(EPI) of trees in sambalpur town of India. SN
Appl Sci 2(1327): 1-14.

Said NI, Widayat W. 2014. Pengisian air tanah buatan,
pemanenan air hujan dan teknologi pengolahan air
hujan [Artificial groundwater recharge, rainwater
harvesting and rainwater treatment technology].
Jakarta (ID): BPPT Press.

Shaddick G, Thomas ML, Mudu P, Ruggeri G, Gumy S.
2020. Half the world’s population are exposed to
increasing air pollution. NPJ Clim Atmos Sci
23:1-5.

Susanto AD. 2020. Air pollution and human health. Med ]
Indones 29(1): 8-10.

Taman Margasatwa Ragunan [Internet]. 2021. Sejarah
singkat. Jakarta, Indonesia: Taman Margasatwa

262

Ragunan; [updated 2021; cited 2021 Sept 23].
Available from: https://ragunanzoo.jakarta.go.id/
tentang/short-history/

Uka UN, Belford EJD, Hogarh JN. 2019. Roadside air
pollution in a tropical city: physiological and
biochemical responses from trees. Bull Natl Res
Cent 43(1): 1-12.

Universitas  Indonesia  [Internet]. 2021. Tentang
Universitas ~ Indonesia.  Depok,  Indonesia:
Universitas Indonesia; [updated 2022; cited 2022
May 29]. Available from: https://www.ui.ac.id/
tentang-ui/ sejarah-universitas-indonesia/

Utami PP, Setiawan AW, Simanjuntak BH. 2020. Evaluasi
aspek lingkungan melalui penilaian  tingkat
kenyamanan di hutan Kota Bendosari, Kota
Salatiga
through assessment of comfort level in the forest
of Bendosari City, Salatiga City]. ] Ilmu Pertan
8(2): 241-50.

Zhang P-Q, Liu Y, Chen X, Yang Z, Zhu M, Li Y. 2016.
Pollution resistance assessment of existing
landscape plants on Beijing streests based on air
pollution tolerance index method. Ecotoxicol
Environ Saf 132: 212-23.

[Evaluation of environmental aspects



