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ABSTRACT

Variations in the concentration of different photosynthetic pigments (Chlorophyll and carotenoids) of leaves of three tree species
growing in some polluted sites were evaluated. Terminalia catappa, Polyalthia longifolia and Mangifera indica which were in
abundance and well distributed in the Residential (Control), Industrial and Traffic sites (Polluted area) were selected for the study.
Reduction in chlorophyll ‘a’, ‘b’ and carotenoid was recorded in the leaf samples collected from polluted sites when compared
with samples from control sites. In the polluted area (Industrial and Traffic sites), the highest decrease in total chlorophyll of the
studied plants was in Mangifera indica (1.02 mg/g) followed by Terminalia catappa (0.89 mg/g) and Polyalthia longifolia (0.78
mg/g). There was a decrease in carotenoid content at the polluted area (Industrial and Traffic sites) compared with the control
(Residential). The value was highest in Terminalia catappa (0.19 mg/g) and lowest in Mangifera indica (0.12 mg/g). It is evident
from this study that residential tree species have more chlorophyll a/b ratio compared with the tree species exposed to air pollution.
The ratio of chlorophyll a+b and carotenoid ratio decreased, which is an indication of stress arising from the industrial and
vehicular air pollution. This study clearly showed that the industrial and vehicular-induced air pollution reduced the concentration
of photosynthetic pigments in the trees exposed to it. These changes could be used as bioindicator of air pollution of an area.

INTRODUCTION

Chlorophyll activity is a vital tool to evaluate the consequences of air pollutants on plants because it plays a
vital role in plant metabolism and reduction in pigment content that enhances plant growth (Wagh et al., 2006).
Leaf chlorophyll content and carotenoids, therefore, will offer valuable information concerning the status of
plants. Air pollutants once absorbed by the leaves can cause a reduction in the concentration of photosynthetic
pigments namely, chlorophyll and carotenoids, and directly affect plant productivity. Chlorophyll pigment is
the principal photoreceptor in photosynthesis, the light-driven method during which greenhouse gas is “fixed”
to yield carbohydrates and oxygen. Carotenoids act as photoprotective agents for the chloroplasts (Joshi and
Swami, 2009). Once plants are exposed to the environmental pollution above the normal physiologically
acceptable range, photosynthesis gets inactivated (Mizalski and Mydlarz, 1990). As reported by Dwivedi and
Tripathi (2007), the distribution of plant diversity is highly dependent on the presence of air pollutants within
the surrounding air and sensitivity of the plants.

Studies on the effects of air pollutants on morphology, physiology and biochemistry of plants have been
carried out by a number of workers (Raina and Agarwal, 2004; Tripathi and Gautam, 2007) in different parts of the
world. Chlorophyll is one of the essential parts of energy production in green plants and its amount is significantly
affected by environmental condition. Sulfur dioxide, nitrogen dioxide and CO, as well as suspended particulate matter
are some of the air pollutants that are absorbed by plant leaves, causing reduction in the levels of photosynthetic
pigments, viz., chlorophyll and carotenoids, thereby directly affecting the plant productivity (Joshi and Swami, 2009;
Honour et al., 2009). The gradual disappearance of chlorophyll and concomitant yellowing of leaves is one of the
most common effects of the pollutants which may be associated with the continuously decreasing photosynthetic
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capacity of the plant (Joshi et al., 2009). Carotenoids which help in capturing light in the chloroplast are also affected
by air pollution. Carotenoids also play an important role in protecting the cells and live organisms as they experience
harm from free-radical oxidative cells (Fleschin et al., 2003). Carotenoids are stronger than chlorophyll but much less
effective in the capturing of light energy. It helps the important but much delicate chlorophyll, and shields it from
photoxidative destruction (Joshi et al. 2009). The level of carotenoids decreases with the increase in air pollution load
(Tiwari et al., 2006; Tripathi and Gautam, 2007; Joshi et al., 2009; Gupta et al., 2015). The continuous increase in
human population in Abakaliki Metropolis has contributed to increased vehicular movement. Motor
vehicles account for 60-70% of the pollution found in urban areas (Tripathi and Gautam, 2007; Dwivedi et al.,
2008). The combustion of fuel in engines of motor generates sulfur dioxide (SO,), nitrous oxides (NOx ) and carbon
monoxide (CO), as well as suspended particulate matter. The use of plants as monitors of air pollution has long
been established because they are the initial acceptors of air pollution. They act as scavengers for several air-
borne particulates within the atmosphere. This study was carried out to assess the changes in the concentration
of chlorophyll and carotenoids within the leaf samples of plants growing in automobile-polluted sites.

MATERIALS AND METHODS

Study Area

The study was carried out within Abakaliki township in Ebonyi State, Nigeria. Abakaliki has a land mass of 51 km?.
The area lies on latitude 06°22 ' 26 "N and longitude 08°6' 6"E of the Greenwich meridian. The average atmospheric
temperature is 32 - 35 °C (Epidi et al., 2008). The area lies on latitude 06°22'26"N and longitude 08°6' 6"E of the
Greenwich meridian. The average atmospheric temperature is 35°C (Epidi et al. 2008). Three sites were selected as
polluted area as well as for less or non-polluted areas from Abakaliki Township. For polluted area, samples were
collected from a rice mill as industrial area and Water works/Ezza roads , an area with high traffic. For non-polluted
or less polluted area, a residential area (Democracy estate) of the City was selected. The study sites were located in
the city of Abakaliki, Ebonyi State, Nigeria. For the study, three locations were selected: Rice milling site (6°20'54"
N, 8.0900119° E), Water works road (6.3246532° N, 8.0900279°E) and a Residential site (6.3219° N, 8.0845°E). The
Rice milling site is an industrial area that has over 2,500 rice milling machines (Cohen et al., 1998. Moreover, there is
usually smoke emitted from the rice mill continually into the surrounding communities (Njoku et al., 2011).The
Democracy estate is a residential area and is considered to be a potentially non-polluted site. The Water works/Ezza
roads have intensive road traffic.

Sample Collection

At each study site, 50 physiologically active leaves (third from the tip) were manually harvested from the side of the
tree facing the road for chlorophyll determination. The harvested leaves were placed in black self-sealing
polyethylene bags, labelled appropriately and transported to the laboratory for analysis.



NJB, Volume 32(2), December, 2019 Pigment Concentrations of Tree Species as Bioindicators of Air Pollution

Estimation of chlorophyll and carotenoid concentrations

Chlorophyll and carotenoid concentrations were determined using the spectrophotometric method described by Arnon
(1949). Leaf samples (3 g) were weighed and homogenized in 10 ml of 80% acetone solution using mortar and pestle
for 15 minutes. The homogenate was transferred to another test tube and centrifuged at 2,500 rpm for 3 minutes. The
supernatant was transferred with a pipette to a cuvette and the absorbance readings were taken against a blank using
CECIL 8000 UV-visible spectrophotometer at wavelengths 645 nm, 663 nm and 480 nm. Total chlorophyll was
calculated using the formula of Arnon’s equation (1949). The chlorophyll and carotenoid concentrations were
determined as follows:

Chlorophyll a = 12.7 (A. g63) — 2.69 (A.g45) x V/1000 x W mg/g

Chlorophyll b = 22.9 (A.g45) — 4.68 (A.663) x V/1000 x W mg/g

Total Cholorophyll = Chlorophyll a + Chlorophyll b

Carotenoids = A480 + 11.4 (A.663) - 6.38 (A.645nm) x /1000 x W

Where, A = Absorbance of the extract, V= total volume of the chlorophyll solution (ml), and W = weight of the tissue
extract ().

DATA AND STATISTICAL ANALYSIS
The data obtained were subjected to one-way Analysis of Variance (ANOVA) test using SPSS version 23 and mean
separation was done according to Turkey b at p<0.05.

RESULTS
The effect of air pollution on chlorophyll a concentrations on the leaf samples of selected tree species at the
various study sites

The effect of air pollutants on chlorophyll a concentrations on the leaf samples of selected tree species at the various
study sites are presented in Table 1. The chlorophyll a concentration of leaf samples of all the three tree species at the
Industrial and Traffic sites were lower and significantly differed from those of the Residential sites (p= 0.05). The
mean concentration of chlorophyll a ranged from 0.22 mg/g in Terminalia catappa at the Industrial area to 0.73mg/g
in Mangifera indica at the Traffic site , while at the Residential area, chlorophyll a concentration ranged from 0.82
mg/g in Terminalia catappa to 1.21 mg/g in Mangifera indica. The concentration of chlorophyll a in Terminalia
catappa was significantly different among the sites (p = 0.000). When compared with the control, the highest
percentage decrease in Terminalia catappa chlorophyll a concentration was 73.17% at Industrial area and the lowest
decrease was 32.93% at Traffic area (Table 1). The chlorophyll a concentration of Mangifera indica had significant
differences between the Industrial and Traffic sites. When compared with the Residential area, the highest percentage
reduction in Mangifera indica chlorophyll a concentration was 58.68% at the Industrial area and lowest at the
Residential area with a percentage decrease of 39.67 % ( Table 1).

The concentration of chlorophyll a in  Polyalthia longifolia was significantly different (p= 0.000) compared
with the Industrial and Traffic sites. When compared with the Residential area (control), the highest percentage
decrease of 70.23% occurred in P. longifolia at the Industrial site while the lowest percentage decrease of 45.74% was
observed at the Traffic site (Table 1).
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Table 1. The effect of air pollution on concentration of chlorophyll a (mg/g) of selected tree species across the study

sites

Sampling site Tree Species

Terminalia Mangifera %R

% R % R Polyalthia longifolia
catappa indica

Residential 0.82+0.02° 1.21+0.01° 0.94+0.01°
Industrial 0.22+0.02° 73.17 0.50+0.01° 58.68 0.28+0.01° 70.23
Traffic 0.55+0.07° 3293  0.73+0.02°  39.67 0.51+0.02" 45.74

Mean + SE in the same column with different letters in superscript differs significantly (p < 0.05)
% R = Percentage reduction

Chlorophyll b

The effect of air pollutants on chlorophyll b concentrations of the leaf samples of selected tree species at the various
study sites is presented in Table 2 . The chlorophyll b concentration of leaf samples of all three tree species located at
the Industrial and Residential sites was lower and significantly different from those of the Residential site (p=0.000).
The mean concentration of chlorophyll b ranged from 0.34 mg/g in Polyalthia longifolia at the Industrial and Traffic
sites to 0.54 mg/g in Terminalia catappa, while at the Residential site, chlorophyll b concentration ranged from 0.59
mg/g in Polyalthia longifolia to 0.68 mg/g in Terminalia catappa. The chlorophyll b concentration of Terminalia
catappa in the Industrial and Traffic sites was significantly different from each other (p<0.05). When compared with
the Residential area, the highest percentage decrease in Terminalia catappa chlorophyll b concentration was 29.41%
at the Industrial area while the lowest percentage decrease was 20.59% at the Traffic area (Table 2). The chlorophyll
b concentration of Mangifera indica was significantly different between the Industrial and Traffic areas (p= 0.000).
When compared with the Residential area, the highest percentage decrease in Mangifera indica chlorophyll b
concentration was 46.97% at the Industrial area and the lowest percentage decrease was 30.30% at the Traffic area
(Table 2).
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Table 2. The effect of air pollution on concentration of chlorophyll b (mg/g) concentration in selected tree species
across the study sites

Sampling site Tree Species
Mangifera %R
Terminalia catappa %R % R Polyalthia longifolia
indica
C Cc
Residential 0.68+0.01° 0.66+0.01 0.59+0.01
Industrial 0.48+0.00° 2941 0.35+0.01° 46.97  0.42+0.01° 28.81

Mean + SE in the same column with different letters in superscript differs significantly (P < 0.05), % R = Percentage
reduction

Total chlorophyll

The effect of air pollution on total chlorophyll concentration of selected tree species at the various study sites is
presented in Table 3. The total chlorophyll concentration of all the tree species at the Industrial area was lower and
significantly different from that of the Residential site (p= 0.000). The mean concentration of total chlorophyll ranged
from 0.62 mg/g in Polyalthia longifolia at the Industrial area to 1.19 mg/g in Mangifera indica at the Traffic site,
while at the Residential site, total chlorophyll concentration ranged from 1.50 mg/g in Terminalia catappa to 1.86
mg/g in Mangifera indica.

The total chlorophyll concentration of Terminalia catappa was significantly higher at the Industrial than at the
Traffic site (p= 0.000). When compared with the Residential site, the highest percentage decrease in Terminalia
catappa total chlorophyll concentration was 53.33% at the Industrial site and lowest at the Traffic site with a
percentage decrease of 27.33% (Table 3).

Statistical analyses (p<0.05) revealed that significant differences were observed in the total chlorophyll
concentration of Mangifera indica between the industrial and traffic sites (p= 0.05). When compared with the
Residential site, the highest percentage decrease in Mangifera indica total chlorophyll concentration was 54.30% at
the Industrial site and lowest at the Traffic site with percentage decrease of 36.02% (Table 3).

The total chlorophyll concentration of Polyalthia longifolia was significantly different from the study site
(p= 0.000). When compared with the control, the highest percentage decrease in Polyalthia longifolia total
chlorophyll concentration was 59.48% at the Industrial site and lowest at the industrial site with a percentage decrease
of 39.22% (Table 3).
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Table 3. The effect of air pollution on total concentration of chlorophyll (mg/g) in selected tree species across the

study sites
Sampling site Tree Species
Terminalia Mangifera %R
% R % R Polyalthia longifolia
catappa indica

Cc Cc

Residential 1.500.02° 1.86+0.01 1.530.01

Industrial 1.09+0.05" 27.33  1.19+0.03" 36.02  0.930.01° 39.22

Traffic 0.70+0.02* 53.33 0.85+0.01° 54.30  0.62+0.01° 59.48

Mean + SE in the same column with different letters in superscript differs significantly (p < 0.05)
% R = Percentage reduction

The carotenoid concentration of Polyalthia longifolia

The effect of air pollution on carotenoid concentration of tree species at the sampling sites is presented in Table 4.
The carotenoid concentration in leaf samples of all the three tree species at the industrial and Traffic sites were lower
than and varied significantly from those at the Residential sites except for Polyalthia longifolia (p<0.05). The mean
concentration of carotenoid ranged from 0.11 mg/g in Polyalthia longifolia at the Industrial site to 0.26 mg/g in
Terminalia catappa while at the Residential sites, it ranged from 0.20 mg/g in Polyalthia longifolia to 0.39 mg/g in
Terminalia catappa.

The carotenoid concentration of Terminalia catappa at the Industrial sites was significantly different from
that of the Traffic and Residential sites (p=0.000). When compared with the residential sites, the highest percentage
decrease in concentration of carotenoid in Terminalia catappa was 69.23% at the Industrial and lowest at the Traffic
sites with a percentage decrease of 33.33% (Table 4).

The carotenoid concentration of Mangifera indica was significantly different within the study sites (p <
0.05). When compared with the Residential sites, the highest percentage decrease in carotenoid concentration of
Mangifera indica was 50. 00 % at the Industrial sites and lowest at the Traffic sites with a percentage decrease of
43.33 (Table 4). (p> 0.05). When compared with the Residential sites, the highest percentage decrease in Polyalthia
longifolia carotenoid concentration was 45.00 % at the Industrial sites and lowest at the residential sites with a
percentage decrease of 35.00% (Table 4).
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Table 4. The effect of air pollution on carotenoid (mg/g) concentrations of selected tree species in the Abakaliki City

Sampling site Tree Species
Terminalia Mangifera %R
% R % R Polyalthia longifolia
catappa indica
C b
Residential 0.3940.01° 0.30£0.01 0.20+0.01
Industrial 0.2620.01° 33.33  0.17+0.01° 43.33  0.13+0.01° 35.00
Traffic 0.12+0.01° 69.23  0.15+0.01° 50.00 0.11+0.01° 45.00

Mean + SE in the same column with different letters in superscript differs significantly (P < 0.05)

% R = Percentage reduction

Variation in the assimilating pigments of selected tree species at different sampling sites
The variation in the assimilating pigments of selected tree species at the different sampling sites is shown in Table 5.
Mangifera indica had the highest chlorophyll a/b (1.43, 1.59 and 1.83) while Terminalia catappa had the lowest
(0.46, 1.02 and 1.21) at the Industrial, Traffic and Residential sites, respectively. Chlorophyll a/b ratio was less at the
Industrial and Traffic sites than at the Residential sites.
Chlorophyll (a+b)/carotenoid ratio was less at the Residential sites for Terminalia catappa (3.85) when
compared with the other sampling sites. It was evidently lower in Mangifera indica (5.67) and Polyalthia longifolia
(5.64) at the Industrial sites. The ratio of Chl a+ b and carotenoid was lower at the Industrial and Traffic sites in
comparison to the Residential sites. Mangifera indica had the highest value at the Industrial (1.00) and Traffic sites

(1.36) while Polyalthia longifolia had the lower values of 0.73 and 1.06 at the

respectively.

Industrial and Traffic sites,
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Table 5. The weight ratio of Pigments of Leaves Sampled from Selected Tree Species across the study sites

Tree Species Chlorophyll a/b ratio Chlorophyll (a+b)/ Carotenoid Chlorophyll (a+b) + Carotenoid
Industrial Traffic Residential Industrial Traffic Residential Industrial Traffic Residential
Terminalia catappa 0.46 1.02 1.21 5.86 4.19 3.85 0.82 1.35 1.89
Mangifera indica 1.43 1.59 1.83 5.67 7.00 6.25 1.00 1.36 2.73
Polyalthia longifolia 0.82 1.21 1.59 5.64 7.15 7.65 0.73 1.06 1.73
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DISCUSSION

The decrease in the concentration of chlorophyll at polluted sites (Industrial and Traffic sites) might be as a result of
shading effects due to deposition of suspended particulate matter on the leaf surface. This can clog the stomata and
interfere with the gaseous exchange, leading to increase in leaf temperature and retarding chlorophyll synthesis
(Seyyednejad et al., 2013). A similar reduction has been recorded in the leaves of Azadirachta indica, Nerium
oleander, Mangifera indica and Dalbergia sissoo (Giri et al., 2013). Damage in chlorophyll content in Azadirachta
indica L., Conocarpus erectus L., Guiacum officinale L. and Eucalyptus sp. growing along the roads of a city has
also been recorded by Igbal et al. (2015). Dusted or encrusted leaf surface is responsible for reduced photosynthesis,
thereby causing reduction in chlorophyll content (Joshi and Swami, 2009)). A similar impact of air pollutants on the
concentration of chlorophyll contents has been reported by a number of other workers (Saxena, 1991; Swami et al.,
2004; Tripathi and Gautam, 2007).

At the polluted sites (Industrial and Traffic sites), the pattern of decrease in total chlorophyll of the studied
plants was in Mangifera indica (1.02 mg/g) followed by Terminalia catappa (0.89 mg/g) and Polyalthia longifolia
(0.78 mg/g). The degradation of chlorophyll pigments could be attributed to the action of SO, and NO, on the
metabolism of chlorophyll (Lauenorth and Dodd, 1981). These gases are the constituents of vehicular emissions.
The reduction in the concentration of chlorophyll might be due to the increase in chlorophyllase enzyme activities,
which in turn affects the chlorophyll concentration in plants (Mandal and Mukherji, 2000). The results of this study
are in agreement with the work of Wali et al. (2004) who reported that the chlorophyll was significantly lower in the
plants fumigated with different levels of SO,. Rao and Le Blane (1966) had reported that Chlorophyll a was
degraded to phaeophytin through replacement of Mg*? ions in chlorophyll molecules, while chlorophyll b formed
chlorophyllide b through the removal of the phytol group of the molecule. The decrease in carotenoid content at
polluted sites (Industrial and Traffic sites) compared to control (Residential) was highest in Terminalia catappa
(0.19 mg/g) and lowest in Mangifera indica (0.12 mg/g). The decrease in carotenoid contents in the leaves of the
studied tree species at the Industrial and Traffic sites agrees with Joshi and Swami (2009) who reported that
vehicular emission or vehicle- induced air pollution reduced photosynthetic pigments in trees exposed to roadside
pollution. Carotenoid acts as photoprotective agents for the chloroplasts (Joshi and Swami, 2009). Under stressed
conditions, the routine protective process may become burdened, resulting in a cellular degradation including
pigment destruction. Chauhan (2010) reported that carotenoids are sensitive to SO,. Since SO, is a byproduct of
vehicular air pollution, it is suggested that this pollutant could have caused the reduction of carotenoid content of the
leaves of the studied species at the road sites. Several researchers have reported reduced carotenoid content under air
pollution (Verma and Singh, 2006; Tripathi and Mukesh, 2007; Sharma and Tripathi, 2009). Swami et al. (2004)
have also reported significant reduction in carotenoid content in Shorea robusta and Mallotus phillipinensis, due to
road side automobile emission. Aquil et al. (2003) reported a reduction in carotenoid content in the plants of
Albizzia lebbek Benth exposed to coal smoke.

The ratio of Chl a and Chl b (Chl a/b ratio) is an indicator of the functional pigment equipment and light
adaptation of photosynthetic apparatus (Pierre and Queiroz, 1981). It is evident from the data that residential tree
species have more chlorophyll a/b ratio compared with the tree species exposed to air pollution. Chlorophyll a+b/
carotenoid are an indicator of greens of plant. The lower values of the ratio at the polluted sites indicate the stress
and the damage to the plants. Since the plants are exposed to the air pollutant, the ratio of chlorophyll a+b and
carotenoid ratio decreased, which is an indication of stress and damage due to air pollutant. In conclusion, this study
revealed a reduction of photosynthetic pigments (chlorophyll a, b, total chlorophyll and carotenoid) resulting in
industrial and vehicular-induced air pollution in the leaves of Terminalia catappa, Polyalthia longifolia and
Mangifera indica tree species. It is, therefore, suggested that in the absence of visible injury, analysis of
photosynthetic pigments of plants could result in the early diagnosis of the pollution level of an area.
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