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ABSTRACT: This objective of this paper was to evaluate the seasonal variations of fourteen (14) ornamental
plants as biomonitors of air pollution in three urban areas of Ondo State, Nigeria. The study was carried out in three
areas that were purposively selected in Ondo State which are Oduduwa Road, Oloko (traffic congested area), FUTA
area (Less traffic congested area) and uncongested area in Elizade University as control. The ornamental plants namely
Roystonea regai, Convallaria majalis, Polyalthia longifolia, Ficus benjamina, Dieffebachia amoena, Colocasia
esculent, Caesalpinia pulcherrima, Codyline fructicosa, Viburnumt tinus variegatum, Variegatum punctatum,
Hibiscus rosa-sinensis, Tradescantia pallida, Codiaeum variegatum, Acalypha wilkesiana were selected purposively
and their ascorbic acid contents, pH, relative water contents, total chlorophyll contents and air pollution tolerance
index were evaluated using standard methods. The biochemical parameters and APTI values of the ornamentals
showed that they have less (APTI<17) tolerance indices during the dry and the wet seasons. Thus, they are more
susceptible to air pollutants as biomonitors. At congested areas ornamentals had lesser APTI values at the sampling
site than the control site with Tradescantia pallida having the highest (8.86) mean value while Variegatum punctatum
had the lowest value of 6.81 during the wet season while Codiaeum variegatum with value 7.08 and the lowest for
Variegatum punctatum with value 4.71. Conclusively, this study recommends that in addition with the aesthetic values
of the ornamental plants, they can be useful as model bioindicators of air pollution in urban settings.
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The air component is an inestimable natural resource
because man cannot survive without it. Among the
seventeen issues to be harnessed critically based on the
sustainable developmental goals (SDGs) is the air
environment. Presently, air as a complex and dynamic
natural gaseous system has been affected severely due
to increase in the concentrations of particulate and
gaseous pollutants released by human agents (Jalal et
al., 2021). Unlike other types of pollution, air
pollution is the most critical pollution. In Urban areas
of most developing countries, poor urban development
and landscaping affect air quality. Moreover, the
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World Health Organization (WHO) reported that more
than 80% of urban areas possessed levels of air
pollution higher than the recommended limits. For
low- and middle-income countries, the figure
increased to 98 %. According to the World Health
Organization (WHO), an estimated 7 million people
were affected and killed with diseases related to indoor
and outdoor air pollutants (WHO, 2019). In Nigeria,
Onitsha, Kaduna, Aba and Umuahia and Lagos were
listed among the 20 African cities with the worst
quality of air in the world (Enete, 2012). Moreover,
Health Effects Institutes (2020) revealed that the
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quality of air in Nigeria was described as one of the
deadliest anywhere on earth with extreme pollution
sources, such as fumes from electricity generating
systems, vehicular emissions, and forest burning,
among others. These pollutants are classified as either
primary or secondary pollutants emanating from
diverse anthropogenic sources. (Barrero et al., 2015;
Muniyasamy and Dada, 2021). However, vehicular
emissions are classified as one of the major sources of
air pollutants in urban areas (Kumar et al., 2022).
Motor vehicles emit carbon monoxide, nitrogen oxide,
Sulphur dioxide, and other toxic substances such as
total suspended particulate matter and Lead.
Therefore, it is germane to consistently monitor the air
quality of urban centers. Over the years, biological
systems such as insects, animals, microbes are useful
tools to monitor air quality. However, the use of plant
species for environmental assessment of air pollution
is effective (Oseni et al., 2015; Wei, 2017). This is
because plant provides multi-faceted benefits as
biomonitors and bioindicators of pollutants. For
example, the enormous leaf area of plant functions
efficiently to absorb pollutants in the air and serves as
a sink for air pollutant. Moreover, plants are
responsible for the natural sequestration of carbon di
oxide from the atmosphere to release oxygen. The
mechanisms by which plants respond to pollution
depend on specific factors such as habitat, leaf
physical parameters, and weather conditions presentin
the area (Forcados, 2016). In a polluted environment,
sensitive plants can act as bio-indicators of air
pollution while the tolerant plants can act as sinks for
various air pollutants. Plants growing along the
roadsides get affected the most as they are the primary
recipients of different air pollutants and show varied
levels of tolerance and sensitivity. In the use of plants
as agent of environmental monitoring, most
researchers successfully used the biochemical
responses along with the Biological Index known as
Air pollution tolerance index (APTI) to measure the
ability of plants to cope with air pollution stress. Air
pollution tolerance index has been used to screen out
plants based on their tolerance or sensitivity level to
different air pollutants. However, there are scanty
evidences on the use of ornamentals as biomonitors of
pollutants. In this study, the tolerance and sensitivity
of ornamental plants to air pollution around two major
urbarn centres in Ondo State, South-West region of
Nigeria namely Oloko Urban central Business area
and Federal University of Technology Akure (FUTA),
Akure were assessed. Oloko Urban central Business
area is a usually congested with vehicular emissions
because of it is one of the major access road to other
neighbouring States around Ondo State while the
access road to Federal University of Technology
Akure (FUTA), Akure is usually congested with
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numerous vehicles from students, residents and staff
of FUTA among others. Fourteen species of common
ornamental plants namely Roystonea regai,
Convallaria majalis, Polyalthia longifolia, Ficus
benjamina, Dieffebachia amoena, Colocasia esculent,
Caesalpinia  pulcherrima, Codyline fructicosa,
Viburnumt tinus variegatum, Variegatum punctatum,
Hibiscus  rosa-sinensis, Tradescantia pallida,
Codiaeum variegatum, Acalypha wilkesiana cultured
along the road sides of the study areas were monitored
for six months consecutively during rainy and dry
seasons for their tolerance and sensitivity traits with a
view to suggesting model ornamentals for sustainable
environmental landscaping and management. Over the
years, non-ornamental floral diversity has been used to
monitor air, thus, there is scanty report on the use of
ornamental plants been used as biomonitors of air
pollution. Hence, the objective of this paper was to
evaluate the seasonal variations of fourteen selected
ornamental plants as biomonitors of air pollutants in
three selected urban areas of Ondo State, Nigeria.

MATERIALS AND METHODS

Description of the Study Area: The study areas are
three roadsides named Oduduwa Road, Oloko Area,
FUTA road, FUTA Area; and Elizade Campus.
Oduduwa Road, Oloko Area, FUTA road, FUTA Area
are within Akure city, Ondo state while Elizade
Campus is within llara-Mokin town, Ondo State.
Akure in Ondo state is on Latitude and longitude
7.25256, and 5.19312 while Elizade University
campus is on Latitude and longitude 7.3665 and
5.1066 respectively. The population of people in
Akure city is approximately 484,798. Elizade
University Campus is the control site located in
Elizade University, llara Mokin, Ondo State in the
South-west region of Nigeria with human population
of about 1,526. Two seasons are experienced in this
area; the dry and rainy seasons which ranges from the
month of November-March and April-October
respectively.

FUTA road around FUTA Area; is among the major
roads that leads to Federal University of Technology
Akure while Oduduwa Road, Oloko Area links to
some residential areas and local roads in the city and
they are parts of the road leading from Akure to the
outskirts of Ondo State which results to a lot of
anthropogenic activities in the area. These areas
experience a lot of vehicular traffic and exhaust fumes
emanating from smaller and heavy-duty vehicles.

The control site (Elizade campus) is located in Elizade
University, Ilara Mokin; an agrarian community in
Ondo state. There is minimal movement of vehicle in
area sampled within Elizade University.
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Collection of Samples: Sampling was done in the
months of December to February (dry season) and
April to June (rainy season). Samples of leaves of the
test plants were purposively collected before noon
between the hours of 8.30 a.m. and 11:00 a.m.
Replicates of fresh leaves were harvested at the control
sites. They were packed in well labeled sterile
cellophane bags and hurriedly transported to an
analytical laboratory for analysis.

Analysis of Leaf Samples for Biochemical parameters:
Relative water contents, total chlorophyll contents, pH
and ascorbic acid contents of leaf extracts were
analyzed. The values obtained were used to compute
the Air pollution tolerance index (APTI) values.

The Relative Water Contents (RWC): The Relative
Water Content (RWC) was determined by weighing
the fresh leaf samples of the test plants on a digital
balance to obtain the fresh weight (FW).

Then, the fresh leaves were immersed in water
overnight (8 hours), blotted dry with the aid of
Whatman filter paper and reweighed to obtain the
turgid weight (TW). They were finally oven dried for
8 hours at a temperature of 70°C and re-weighed again
to determine their dry weight (DW).

Using the formula described by Singh (1977) and
Tanee et al. (2014), RWC was computed using the
formula as stated equation 1:

RWC = Fresh Weight (FW) — Dry Weight (DW) 1
" Turgied Weight (TW) — Dry Weight (DW) @

Fig 1: Map of Study Area

Total Chlorophyll Content (TLC): Total Chlorophyll
Content (TLC) was obtained according to the method
of (APHA 1989) (Udeagbala et al., 2017). One gram
of leaf was weighed and homogenized. Twenty
milliliters of 80% acetone and 0.5 CACO3 powder
was added. The sample was then put in the refrigerator
at 4°C for four hours. The sample was then centrifuged
at 5000 rpm for 5 minutes. The supernatant was
transferred to 100 ml volumetric flask. It was then
made up to mark with 80% acetone. The color
absorbance of the solution was estimated by
spectrophotometer using 645nm and 663nm
wavelength against solvent. Acetone 80% was used as

blank.  Total Chlorophyll was calculated using
equation 2.
0.1 (TCL) x (Leaf Dry Weight
TLC — (TCL) x ( yg)(z)

Weight of Wet leaves

Where TLC = Total Chlorophyll Content; Chl a =
12.7A5637 2.69A645; Chlb= 22.9A645 — 4.68A663; Agas
= Absorbance at wavelength of 645nm; Aess-
Absorbance at a wavelength of 663nm

Where chl a and chl b are chlorophyll. Hence,
(SERAS, 1994), TLCis

TLC = leaf (mg/ml) = Chlorophylla + Chlorophyll b (3)

Determination of pH: Five grammes of homogenized
sample was measured and transferred into a 10 ml
conical flask. Ten milliliters of distilled water was
added to mark and the extract filtered. Thereafter, pH
meter was calibrated with buffer solutions of pH 4, 7
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and 9. Then, the pH of the extract was determined
using the calibrated pH meter.

Determination of Ascorbic Acid Contents: Ascorbic
acid content (mg/g) was measured using the
spectrophotometric method. A analytical balance was
used to weigh 0.5 gramme each of fresh samples of
leaves of the respective ornamental plants in a test
tube. Five milliliters of oxalic-EDTA extracting
solution was added for 24 hours. Standard ascorbic
acids of 2.5 mls were pipetted into 25 mls volumetric
flask. In the mixture, 2.5 mls of oxalic-EDTA were
added as well as 2 mls of ammonium molybdate. One
milliliter of 5 % H,SO. were also added thereafter. To
make up to 25 mls mark on the volumetric flask, distill
water were also added. The solution was then allowed
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to stand for 15 minutes after which the absorbance at
760 nm was measured with the ultra violet
spectrophotometer.

Determination of Air pollution tolerance index
(APTI): Air Pollution Tolerance Index (APTI) was
calculated using the standard method as described by
Singh and Rao (1983). Thus:

AAC (TLC+pH)+RWC
AAL L LEAPTDOHRIVE 4
T 4)

APTI =
Where; AAC = ascorbic acid content (mg/g); TLC =
total chlorophyll (mg/g); pH = pH of leaf extract;
RWC = relative water content of leaf (%)

"~ Plated: Corzivlfmxiom
Soures: Field Data, 2023

N 3
herrima
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RESULTS AND DISCUSSION

pH of the Leaf Extracts of Ornamentals Cultivated
around The Congested Area: The pH values of leaf
extract of ornamental plants sampled at the Congested
area (Oduduwa Road, Oloko area) is shown in Table
1. Here, Ficus benjamina has the highest (7.4+ 0.01)
pH value in dry season while Roystonea regia has the
lowest value of 5.55+ 0.02. For raining season, Ficus
benjamina had the highest (6.78+ 0.02) value while
Caesalpinia pulcherrima had the lowest pH value of
5.87+ 0.02 at the control site during dry season while
Ficus benjamina had the highest pH value of 7.18+
0.01 and Polyalthia lonifolia had the lowest value of
5.65+ 0.05. During raining season at the control area,
Ficus benjamina has the highest value of 7.55+ 0.02
and Roystonea regia has the lowest value of 5.97+
0.02. At the experimental site, the pH was reduced and
moderately acidic during the dry season than the
control site while for the raining season, the pH was
moderately basic for the ornamentals harvested at the
control site  (Temmerman, 2001). However,
Convallaria majalis was not found at the control site.
pH plays very vital role in the modification of the
toxicity of air pollution such as oxides of sulphur,
nitrogen and carbon. It has been reported that plants

with lower pH are more susceptible while those with
pH of about 7 are more tolerant to pollution. In
addition, high pH could increase the rate of production
of ascorbic acid (Raji et al., 2021). This result
corroborated with the study carried out by Akande et
al. (2022). The reduced pH in the leaves of plants at
the experimental sites could be attributed to the
impacts of air pollutants. Thus, at the Oloko area with
dense vehicular emission, Ficus benjamina acted as
tolerant species while only Viburnum tinus variegatum
acted as tolerant species in FUTA Area which was less
polluted.

pH of the Leaf Extracts of Ornamentals Cultivated
around The Less Congested Site (FUTA Road Sides)
and Control Sites: The pH values of leaf extracts of
ornamental plants sampled at Less Congested area
(FUTA area) is shown in Table 2. In Table 2, the
highest (6.23+ 0.01) pH value was reported during dry
season for Codiaeum variegatum with the lowest
(5.00+ 0.01) for Acalypha wilkesiana while for raining
season Variegatum punctatum has the highest value of
6.36x 0.03 while lowest value of 5.02+ 0.03 was
reported in Acalypha wilkesiana. For the control in dry
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season, Viburnum tinus variegatum had the highest
value of 7.44+ 0.01 and the lowest value of 5.00 lowest
value of 5.02+ 0.03 in Acalypha wilkesiana. For the
ornamentals grown at the control site during raining
season, Viburnum tinus variegatum had the highest
(7.21) value and the lowest value of 5.15 was reported
in Acalypha wilkesiana. This result revealed that
Acalypha wilkesiana was sensitive to air pollutants
released from the vehicular emissions. For Viburnum
tinus variegatum (5.63 + 0.01), Tradescantia pallida
(5.90£ 0.05) and Acalypha wilkesiana (5.00+ 0.01),
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the pH was reduced at the less congested site during
the dry season than for the control site. Similarly, for
the raining season, the pH was higher at the control
site than at the less congested area. The raining season
had higher pH values than the dry season except that
Variegatum punctatum was not found at the control
site.  Therefore, Viburnum tinus variegatum,
Tradescantia pallida and Acalypha wilkesiana were
sensitive to the air pollutants (Falon, 2015; Dada,
2019)

Table 1: pH of the Leaf Extracts of Ornamentals Cultivated around the Congested Site (Oduduwa Road, Oloko Area) and Control Site

Selected Ornamental Plants Dry season Wet season Control dry season Control rainy season
Roystonea regia 5.55+ 0.02 5.88+ 0.00 6.03+ 0.04 5.97+0.02
Convallaria majalis 6.63+ 0.05 6.39+ 0.03 NIL NIL

Polyalthia longifolia 5.65+ 0.01 5.95+ 0.00 5.65+ 0.05 6.10+ 0.01

Ficus benjamina 7.4+0.01 6.78+ 0.02 7.18+0.01 7.55+ 0.02

Duranta repens 5.73+£0.03 6.00+ 0.03 5.85+0.01 6.09+ 0.00
Colocasia esculenta 6.00+ 0.01 6.29+0.03 6.3+ 0.05 6.38+ 0.00
Caesalpinia pulcherrima 5.8+ 0.04 5.87+0.02 6.04+ 0.02 6.09+ 0.01

Table 2: pH of leaf of Ornamentals Cultivated around The Less Congested and Control Sites

Names of Test Plants Dry Season Wet season
Selected Ornamental Plants Polluted Control Polluted Control
Codyline fructicosa 5.63+0.03 551+0.05 6.03£0.02 5.75+ 0.02
Viburnum tinus variegatum 5.63 £ 0.01 7.44+0.01 6.02+ 0.01 7.21+0.01
Variegatum punctatum 5.68+ 0.04 NIL 6.36+ 0.03 NIL
Hibiscus rosa-sinessis 6.15+ 0.02 6.07+ 0.02 6.05+ 0.03 6.1+ 0.01
Tradescantia allida 5.90+ 0.05 6.00+ 0.01 5.92+ 0.02 6.47+ 0.02
Codiaeum variegatum 6.23+0.01 6.08+ 0.01 6.22+ 0.01 6.45+ 0.04
Acalypha wilkesiana 5.00+ 0.01 5.15+0.04  5.02+£0.03  5.15+0.02

Ascorbic Acid Contents (AACs) of Ornamentals
Cultivated around The Less Congested and Control
Areas: The Ascorbic acid contents of leaf extracts of
ornamental plants sampled at Less Congested area and
the control is shown in Figure 1. Acalypha wilkesiana
had the highest AAC of 0.04 for dry season while
Variegatum punctatum had the lowest AAC of 0.02
and for raining season Codyline fructicosa had the

highest AAC of 0.04 while Variegatum punctatum,
Hibiscus rosa-sinesis, Codiaeum variegatum had their
AAC of 0.02. For the control in dry season, all the
ornamental had the same AACs. For the control of
raining season, Acalypha wilkesiana has the highest
value of 0.04 while the others are the same. Thus,
Variegatum punctatum was not found at the control
sites.

04 -
o 0.35 -
~
ab
£ 0.3 4 :|:
el
g 0.25 - DRY SEASON
o WET SEASON
a 0.2 -
5 CONTROL DRY SEASON
2 015
—
° 0.1 -
wv
5 0.05
g o % 1 .. § | ,
e Codyline Vtinus Variegatum Hibiscus rosa- Tradescantia  Codiaeum Acalypha
8 -0.05 - fructicosa variegatum  punctatum sinessis pallida variegatim wilkesiana

Selected Ornamentals Plants
Fig 1: Ascorbic Acid Contents of the Ornamentals during Dry and Wet Seasons in Less Congested and Control Areas

Ascorbic Acid Contents (AACs) of Ornamentals
Cultivated around the Congested and Control Areas:

The mean Ascorbic acid contents of leaf of ornamental
plants sampled at congested area (Oloko area) is
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shown in Figure 2. The highest (0.03) Ascorbic acid
contents were reported in Polyalthia longifolia,
Colocasia esculenta, Caesalpinia pulcherrima, for dry
season while Duranta repens, Ficus benjamina,
Convallaria majalis, Roystonea regia, had the reduced
AAC of 0.02. For raining season, Polyalthia
longifolia, Caesalpinia pulcherrima, Ficus benjamina
had the highest values of 0.04 while Colocasia
esculent had the lowest value of 0.02. Thus, Polyalthia
longifolia, Colocasia  esculenta, Caesalpinia
pulcherrima are ornamentals suggested to have
resilient traits against vehicular emission during dry
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season. At the control site during dry season, all the
ornamentals had the same values of AACs while for
the control of raining season Roystonea regia had the
highest value of 0.03 while the others are the same.
According to Ram et al. (2015), the reducing power of
Ascorbic acid is proportional to its concentrations. It
also plays very significant role in light reaction during
photosynthesis but when subjected to stress, it has the
ability to replace water from light reaction Il (Li,
2018). Therefore, reductions in the AACs in the study
site during dry season than during raining season is an
indication of air pollution stress (Liang, 2023b).

0.05 1 DRY SEASON m WET SEASON m CONTROL DRY SEASON = CONTROL WET SEASON
0.04 - ] ] I
=4
<
903 4 I I
S
S 1 p N
L
[72]
c
S
|.01 A
5
£ T
8 0
Roystonea ConvaJ|la|Jia Polyalthia Ficus Duranta Colocasia  Caesalpinia
0.01 regia majalis longifolia  benjamina repens esculent  pulcherrima

Selected Ornamental Plants

Fig 2: Ascorbic Acid Contents of Ornamentals Cultivated around the Congested and Control Areas
Relative Water Contents (RWCs)

Relative Water Contents of Ornamentals Cultivated
around The Less Congested and Control Areas: The
values of the Relative water content (RWC) of leaf
extracts of ornamental plants sampled at the less
congested (FUTA area) area is shown in Figure 2.
Here, the Relative water content was the highest
(75.11%) during dry season for Tradescantia pallida
and at the lowest (46.72%) for Variegatum punctatum.
During raining season, Tradescantia pallida had the
highest Relative water content of 88.45% while
Variegatum punctatum had the lowest value of
67.72%. For the control in dry season, Codiaeum
variegatum had the highest (91.61%) value and the
lowest value of 73.27% was reported in Acalypha
wilkesiana. At raining season, the highest value of
94.05% was reported in Codyline fructicosa and the
lowest value of 79.08% was reported in Viburnum
tinus variegatum. However, Variegatum punctatum
was not found at the control site. Across the plants, the
relative water contents were reduced at the
experimental site during the dry season than the
control site while for the raining season the relative
water contents was higher for the control site; except
that Acalypha wilkesiana, and Codyline fructicosa

were not found at the control site. This result was in
line with the outcome of the report of Kaur et al.
(2021).

Relative water contents of Ornamentals Cultivated
around the Congested and Control Areas: The RWCs
of the leaf extracts of the ornamental plants sampled at
the congested area (Oduduwa Road, Oloko area) is
shown in Figure 3. The Relative water contents were
higher during dry season at the experimental site for
Polyalthia longifolia with value of 75.99% while for
the raining season, Convallaria majalis had the
highest RWC value of 81.13%. For the control in dry
season, Caesalpinia pulcherrima had the highest
RWC value of 90.23% and the lowest value of 56.50%
was reported in Dieffenbachia amoena.

However, at the control during raining season, Ficus
benjamina had the highest RWC (84.48%) and the
lowest (62.86%) RWC was reported in Polyalthia
longifolia. The RWCs were reduced at the control site
during dry season across the ornamental plants. For the
raining season, the RWCs were reduced at the
sampling site than the ornamentals harvested as
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control. In raining season, RWCs of ornamentals were longifolia may be an adaptive strategy devised against
at their peaks across all the ornamentals. Here,  air pollutants released from the roadsides vehicular
Polyalthia longifolia was observed to have the highest ~ emissions (Ram et al., 2015; Meng et al., 2015;
potentials to tolerate the impacts of wvehicular  Akande et al., 2021).

emissions. The increased RWC in Polyalthia
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Fig 3: Relative Water Contents of Ornamentals Cultivated Around Less Congested and Control Areas
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Fig 4: Relative water contents of Ornamentals Cultivated around the Congested and Control Area
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Total chlorophyll content of Ornamentals Cultivated
around the Congested Site and Control Area: Total
Chlorophyll contents (TCCs) of leaf extracts of
ornamental plants sampled at congested area (Oloko
area) were shown in Figure 5. During dry season, the
TCCs were highest at the congested road in Roystonea
regia with value of 14.15 and at the lowest in
Convallaria Majalis with value about 5.47. However,
in raining season at sampling site, Caesalpinia
pulcherrima had the highest value of 12.29 while
Convallaria majalis had the lowest value of 2.92. For
the control, in dry season, Roystonea regia had the
highest value of 11.04 and the lowest value of 3.46 in
Duranta repens while for the control of raining season,
Caesalpinia pulcherrima had the highest value of
11.07 and the lowest value of 2.30 was reported in
Polyalthia longifolia. For the raining seasons, at the
control site, the TCCs of the ornamentals were higher
than that of the control site with higher Chlorophyll
contents reported at the raining season. This reported
was similar to the report of Akande et al. (2021) while
in some studies the TCCs were reduced.

Total chlorophyll contents of Ornamentals Cultivated
at the Less Congested Site (FUTA Road Sides) and
Control Sites: The Total chlorophyll contents of leaf
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extracts of ornamental plants sampled at the less
congested area (FUTA area) as shown in Figure 6. In
Figure 6, the TCC was the higher (8.92) during dry
season for Viburnum tinus variegatum and reduced for
Codyline Fructicosa with TCC of 3.30. During raining
season, Acalypha wilkesiana had the highest value of
9.46 while Hibiscus rosa-sinessis had the lowest
(2.70). For the control, in dry season, Codyline
fructicosa had the highest TCCs of 14.02 and Hibiscus
rosa-sinessis had the lowest TCC of 3.02. At the
control site, Codyline fructicosa had the highest value
of 9.22 and the lowest value of 1.61 was observed in
Tradescantia pallida during raining season. The TCCs
were higher during the dry season for Tradescantia
pallida, Hibiscus rosa-sinessis, viburnum tinus
variegatum than for those ornamentals at the control
site with Codyline fructicosa, Acalypha wilkesiana,
and Codiaeum variegatim having reduced TCCs. In
the raining season, the TCCs were higher at the
polluted sites except for Hibiscus rosa-sinessis while
during the dry season at the polluted site higher TCCs
were obtained than during the raining season except
for Codyline fructicosa, and Acalypha wilkesiana. The
reduction in the TCCs of the ornamentals during the
dry season may be as a result of the effects of air
pollutants (Yao, 2016; Dada, 2019).
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Fig 6: Total chlorophyll contents of Ornamentals Cultivated around the Less Congested Site and Control Sites

Air pollution tolerance Index of Ornamentals
Cultivated around The Less Congested and Control
Sites: The Air pollution tolerance indices values of
leaf extract of ornamental plants sampled at Futa area
is shown in Figure 7. The APTI value was the higher
during dry season at the sampling site with Codiaeum
variegatum having 7.08 APTI value. Variegatum
punctatum had the lowest APTI value of 4.71. During
the raining season, Tradescantia pallida had the
highest mean APTI value of 8.86 while Variegatum
punctatum had the lowest value of 6.81. For the
control in dry season, Codiaeum variegatum has the

highest value of 9.18 and the lowest APTI value of
7.34 was reported in Acalypha wilkesiana while for at
the control site, Acalypha wilkesiana had the highest
APTI of 9.44 and the least APTI of 7.95 in Viburnus
tinus variegatum during raining season. The APTI was
reduced during the dry season at sampling site than at
the control site. The APTI was reduced during the
raining season at polluted site than the control site
while during the raining season, higher APTI values
were reported than the dry season except for the APTI
value reported in Acalypha wilkesiana. Notably,
Variegatum punctatum was not found at the control
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site. In all the APTI determined, all the ornamentals pollutants in the environment; although Codiaeum
are sensitive in displayed traits of sensitive plants.  variegatum and Acalypha wilkesiana were the best
Thus, according to Perera (2017) and Udeagbala, T. candidate of all during the dry and wet seasons
(2017) these are good candidates for biomonitoring of ~ respectively.
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Air pollution Tolerance Index of Ornamentals  cultivated around the congested areas in Oduduwa
Cultivated around the Congested and Control Sites: Road, Oloko Area. At the congested site, the APTI
Figure 8 revealed the APTI values of the ornamentals  values evaluated during the dry season were within the
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range for sensitive plants. However, Polyalthia
longifolia had the highest APTI value of 7.56.
Conversely, across all the flowers, the APTI values of
ornamentals at the control site were higher than that of
the congested site with Polyalthia longifolia having
the highest values. The APTI values were within the
range for sensitive plant species with Convallaria
Majalis displayed APTI with highest value of 8.13
during the raining season. According to Singh et al.
(2022), this may be attributed to the influence of
seasonal changes and that of the effects of the air
pollutants released at the congested site.

Thus, the APTI of the ornamentals were in this trend:
Polyalthia longifolia>Ficus benjamina> Roystonea
regai> Convallaria majalis,> Colocasia
esculent>Caesalpinia pulcherrim> Duranta
repens>Dieffebachia amoena during the dry season at
the congested area. However, during wet season, the
APT]I values were in this trend: Convallaria majalis,>
Roystonea regai>Ficus benjamina> Duranta repens>
Colocasia esculent>Caesalpinia pulcherrim. This
sorted trend may be due to the influence of seasonal
changes and impacts of the air pollutants (Aguinaga et
al. 2022). For the dry season, Polyalthia longifolia can
be suggested as a model candidate for biomonitoring
of air quality during dry season while Convallaria
majalis could be identified as model candidate for the
same purpose in wet season (Agrawal, 2005; Raji et
al., 2021)

Conclusion: The use of plant species to bio-monitor
the air quality of the environment is a sustainable
environmentally-friendly technique that is feasible
because of the sessile nature of plant species. In this
study, tropical ornamentals were examined for their
potentials as bio-monitors of air pollution using their
Air Pollution Tolerant Indices (APTI) as well as the
metabolites released after exposure to air pollutants.
Consequently, in addition to their aesthetic values, all
the ornamentals were identified as promising
candidates that are sensitive in nature for
biomonitoring of air pollutants from vehicular
emissions. Thus, the studied ornamentals could be
used to monitor air pollution trends in the
environment.

REFERENCES

Agrawal, M (2005). Effects of Air Pollution on
Agriculture: An Issue of National Concern. Nat.
Acad. Sci. Letters. 28(3): 93-106. DOI:
https://api.semanticscholar.org/CorpuslD:203032
21

Aguinaga, OE; White, KN; Dean, AP; Pittman, JK
(2021). Addition of Organic Acids to Acid Mine

1695

Drainage Polluted Wetland Sediment Leads to
Microbial Community Structure and Functional
Changes and Improved Water Quality. Environ
Poll. 290(1):182318-182325. DOl:
10.1016/j.envpol.2021.118064

Barrero, MA; Orza, JA; Cabello, M; Cantén, L (2015).
Categorization of Air Quality Monitoring Stations
By Evaluation of PM (10) Variability. Sci. Total
Environ. 524-525:225-236.
DOI: 10.1016/j.scitotenv.2015.03.138

Dada, OE. (2019). Cadmium Tolerance and
Phytoremediation Strategies of Selected Tropical
plants Cultivated on Industrial Dump Site under
the Influences of Two Mycobionts. W. Afri. J.
Appl.Ecol. 27(2): 106 — 125

Enete, 1 (2012). Evaluation of Air Pollution Tolerance
Index (APTI) of Some Selected Ornamental
Shrubs in Enugu City. Nigeria. J. Environ. Sci.,
Toxicol. Food Tech. 1(2): 22-55

Fallon, M (2015). Reliability of Leaf Relative Water
Content (RWC) Measurements after Storage:
Consequences for In-Situ Measurements. Can. Sci.
publishing. 93(9): 535-541. DOI:10.1139/cjb-
2015-0065

Forcados, GE (2016). Acalypha wilkesiana:
Therapeutic and Toxic Potential. J. Med. Surg.
Path. 1(1): 3-11. DOIl: 10.4172/2472-
4971.1000122

Health Effects Institute (2020). Effects Institute and
Institute for Health Metrics and Evaluation's
Global Burden of Disease Project, “State of Global
Air2020.https://www.stateofglobalair.org/sites/def
ault/files/documents/2021-01/soga-country-
profile-nigeria-c.pdf Accessed: May 27, 2024

Jalal, A.; de Oliveira Junior, JC ; Ribeiro, JS;
Fernandes, GC; Mariano, GG; Trindade, VDR; dos
Reis, AR (2021). Hormesis in Plants: Physiological
and Biochemical Responses. Ecotoxicol. Environ.
Saf. 207(1): 11125. DOl:
https://doi.org/10.1016/j.ecoenv.2020.111225

Kaur, N (2016). Study of Pollution Tolerance Index
for Plant Species Exposed to Vehicular Traffic on
Urban Streets. Acad. Edu. 19(4): 181-192

Kumar, A.; Singh, H; Kumari, G; Bisht, S; Malik, A;
Kumar, N; Singh, M; Raturi, A; Barthwal, S;
Thakur, A; Kaushal, R (2022). Adaptive Resilience
of Roadside Trees to Vehicular Emissions via Leaf

DADA, O. E; AJAO, M. O.


https://www.researchgate.net/journal/0250-541X_National_Academy_Science_Letters
https://www.researchgate.net/journal/0250-541X_National_Academy_Science_Letters
https://api.semanticscholar.org/CorpusID:20303221
https://api.semanticscholar.org/CorpusID:20303221
https://www.sciencedirect.com/journal/environmental-pollution
https://www.sciencedirect.com/journal/environmental-pollution
https://www.sciencedirect.com/journal/environmental-pollution/vol/290/suppl/C
https://doi.org/10.1016/j.scitotenv.2015.03.138
http://dx.doi.org/10.1139/cjb-2015-0065
http://dx.doi.org/10.1139/cjb-2015-0065
http://dx.doi.org/10.4172/2472-4971.1000122
http://dx.doi.org/10.4172/2472-4971.1000122
https://www.stateofglobalair.org/sites/default/files/documents/2021-01/soga-country-profile-nigeria-c.pdf
https://www.stateofglobalair.org/sites/default/files/documents/2021-01/soga-country-profile-nigeria-c.pdf
https://www.stateofglobalair.org/sites/default/files/documents/2021-01/soga-country-profile-nigeria-c.pdf
https://doi.org/10.1016/j.ecoenv.2020.111225
https://pubmed.ncbi.nlm.nih.gov/36116570/
https://pubmed.ncbi.nlm.nih.gov/36116570/

Seasonal Variations of Selected Ornamental Plants as Biomonitors of Air Pollutants...

Enzymatic, Physiological, and Anatomical Trait
Modulations. Environ Pollut. 313:120191

Liang Y; Li, D; Sheng, Q; Zhu, Z (2023a). Exogenous
Salicylic Acid Alleviates NO, Damage by
Maintaining Cell Stability and Physiological
Metabolism in Bougainvillea x buttiana 'Miss
Manila' Seedlings. Plants. 12(18): 3283. DOI:
https://doi.org/10.3390/plants12183283

Liang, Y.; Qian, X.; Song, S; Sheng, Q; zZhu, Z
(2023b). Acute NO; Stress Shortens the Median
Survival Period of Bougainvillea glabra 'Elizabeth
Angus' by Disrupting Tissue Structure and
Photosynthetic Response Centers. Plants. 12(23):
4028. DOI:
https://doi.org/10.3390/plants12234028

Li, Y (2018). Factors Influencing Leaf Chlorophyll
Content in Natural Forests at the Biome Scale.
Front. Ecol. Evol.. 24(2):40-59. DOl:
https://doi.org/10.3389/fev0.2018.00064

Papadopoulou, S; Stefi, AL; Meletiou-Christou, MS;
Christodoulakis, NS; Gkikas, D; Rhizopoulou, S
(2023). Structural and Physiological Traits of
Compound Leaves of Ceratonia siliqua Trees
Grown in Urban and Sub-urban Ambient
Conditions. Plants. 12(3): 514.

Raji, WA, Jimoda, LA, Odobor, JK; Popoola, AO
(2021).  Assessment of  Vehicular-Induced
Emissions in some Selected Areas in Benin City,
Edo State J. Appl. Sci. Environ. Manage. 25(8):
1535-1539

Meng, X.; Chen, L; Cai, J.; Zou, B; Wu, CF; Fu, Q;
Zhang, Y; Liu, Y; Kan, H (2015). A Land Use
Regression Model for Estimating the NO;
Concentration in Shanghai, China. Environ. Res.
137(1): 308-315. DOI:
10.1016/j.envres.2015.01.003

Molina, L; Segura, A (2021). Biochemical and
Metabolic Plant Responses toward Polycyclic
Aromatic Hydrocarbons and Heavy Metals Present
in Atmospheric Pollution. Plants. 10(11): 2305.

Muniyasamy, S.; Dada, OE (2021). Recycling of
Plastics and Composites Materials and
Degradation Technologies for Bioplastics and
Biocomposites. In: Nayak and Patnaik. (Ed.)
Waste Management in Fashion and Textile
Industry. Elsevier Woodhead Publishing, United
Kingdom. p. 346. DOI:10.1016/B978-0-12-
818758-6.00017-X

1696

Perera, F. (2017). Pollution from Fossil-Fuel
Combustion is the Leading Environmental Threat
to Global Pediatric Health and Equity: Solutions
Exist. Int. J. Environ. Res. Pub. Health. 15 (16): 1-
17. DOI: 10.3390/ijerph15010016

Ram, SS; Majumder, P; Chaudhuri, S; Chanda, SC;
Santra, A; Chakraborty, M; Sudarshan, A (2015).
A Review on Air Pollution Monitoring and
Management Using Plants with Special Reference
to Foliar Dust Adsorption and Physiological Stress
Responses. Cri. Rev. Environ. Sci.
Technol. 45(23):2489-2522.
DOI:10.1080/10643389.2015.1046775

Rooney, B (2019). Impacts of Household Sources on
Air Pollution at Village and Regional Scales in
India. Atm. Chem. Phys. 19(11):7719-7742.
https://doi.org/10.5194/acp-19-7719-2019

Singh, A; Prasad, S; Rathore, D (2022). Monitoring of
airborne heavy metal using plants: Perspective and
challenges. In: New Paradigms in Environmental
Biomonitoring Using Plants. Ed. Supriya Tiwari
and Shashi Agrawal. Springer, 27-
44. DOI:10.1016/B978-0-12-824351-0.00006-7.
DOI:10.1016/B978-0-12-824351-0.00006-7

Temmerman, ID (2001). Biomonitoring of Air
Pollutants with Plants — Considerations for the
Future. EuroBionet — Urban Air Pollution,
Bioindication Environ. Awareness. 1(2):337-376.

Udeagbala, T. (2017) Determination of Tolerance and
Sensitivity of Some Selected Plants to Air
Pollution along Major Roads in Obio-Akpor (Port
Harcourt) Nigeria Using Air Pollution Tolerance
Indices. Int. J. Sci. Res. Pub., 7(11):1-17. DOI:
http://www.ijsrp.org/research-paper-
1117.php?rp=P716949

Wei, X. (2017) Phylloremediation of Air Pollutants:
Exploiting the Potential of Plant Leaves and Leaf
Associated Microbes. Front. Plt. Sci. 14(1): 104-
116. DOI: https://doi.org/10.3389/fpls.2017.01318

W.H.O. (2019). Air pollution: Health, environment,
and sustainable development. WHO: 28-32.
https://www.who.int/sustainable-
development/cities/health-risks/air-pollution/en//

Yao, S. (2016) Involvement of leaf characteristics and
wettability in retaining air particulate matter from
tropical plant species. Environ. Eng. Res. 21(2):
121-131.

DADA, O. E; AJAO, M. O.


https://pubmed.ncbi.nlm.nih.gov/36116570/
https://pubmed.ncbi.nlm.nih.gov/36116570/
https://pubmed.ncbi.nlm.nih.gov/37765447/
https://pubmed.ncbi.nlm.nih.gov/37765447/
https://pubmed.ncbi.nlm.nih.gov/37765447/
https://pubmed.ncbi.nlm.nih.gov/37765447/
https://pubmed.ncbi.nlm.nih.gov/37765447/
https://doi.org/10.3390/plants12183283
https://pubmed.ncbi.nlm.nih.gov/38068663/
https://pubmed.ncbi.nlm.nih.gov/38068663/
https://pubmed.ncbi.nlm.nih.gov/38068663/
https://pubmed.ncbi.nlm.nih.gov/38068663/
https://doi.org/10.3390/plants12234028
https://doi.org/10.3389/fevo.2018.00064
https://pubmed.ncbi.nlm.nih.gov/36771599/
https://pubmed.ncbi.nlm.nih.gov/36771599/
https://pubmed.ncbi.nlm.nih.gov/36771599/
https://pubmed.ncbi.nlm.nih.gov/36771599/
http://dx.doi.org/10.1016/j.envres.2015.01.003
https://doi.org/10.1016/B978-0-12-818758-6.00017-X
https://doi.org/10.1016/B978-0-12-818758-6.00017-X
https://doi.org/10.3390%2Fijerph15010016
http://dx.doi.org/10.1080/10643389.2015.1046775
https://doi.org/10.5194/acp-19-7719-2019
https://www.sciencedirect.com/science/book/9780128243510
https://www.sciencedirect.com/science/book/9780128243510
http://dx.doi.org/10.1016/B978-0-12-824351-0.00006-7
http://dx.doi.org/10.1016/B978-0-12-824351-0.00006-7
https://doi.org/10.3389/fpls.2017.01318
https://www.who.int/sustainable-development/cities/health-risks/air-pollution/en/
https://www.who.int/sustainable-development/cities/health-risks/air-pollution/en/

