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Abstract 

One of the most common impacts of air pollution on plant species is the gradual loss of chlorophyll and 
concomitant yellowing of leaves, which results in decrease in the capacity of photosynthesis. In the present 
study, effect of air pollutants on chlorophyll content of some selected plant species along the roadsides of 
Kathmandu Valley was assessed. Five commonly occurring plant species along the roadside, viz. Bougainvillea 
glabra, Duranta erecta, Lantana camara, Ricinus communis and Sambucus chinensis were selected for the study. 
The study revealed lowest concentration of chlorophyll “a”, chlorophyll “b” and total chlorophyll in the leaf 
samples of all species collected from heavily polluted site (Thamel) when compared with the leaf samples 
collected from the control site (Tribhuvan University Area, Kirtipur). Chlorophyll content was insignificantly 
reduced in Bougainvillea glabra in heavily polluted site, but a significant reduction was recorded in Sambucus 
chinensis. Maximum reduction in chlorophyll content exhibited by Sambucus chinensis can be ascribed to 
sensitiveness of the species to air pollution, while least reduction in chlorophyll content by Bougainvillea 
glabra suggests that it is an air pollution tolerant species. This study clearly indicated that the vehicular air 
pollution affected the level of chlorophyll pigments in plants exposed to roadside. 

Key-words: Air pollution, chlorophyll a, chlorophyll b, total chlorophyll. 

 

Introduction 

In recent times, there have been significant 
development activities in terms of industrialization and 
urbanization in almost all big cities. Such developmental 
activities are the main sources of pollutants discharged 
into the environment and introduce various harmful 
substances into the atmosphere. Air pollution has 
become an extremely serious problem for the modern 
industrialized world in both developing and developed 
countries. The increasing number of industries and 
automobile are continuously adding toxic substances, 
including gases (e.g., sulphur dioxide, nitrogen oxides, 
carbon monoxides and hydrocarbons), particulate 
matters (e.g., smoke, dust, fumes and aerosols), and 
radioactive materials to the environment causing 
significant human health problems. Apart from causing  

 
 

respiratory disorders in humans, the air pollutants have 
also caused various effects on plants. The particulates 
and gaseous pollutants, alone and in combination, can 
cause serious setbacks to the overall physiology of 
plants (Das and Prasad 2010), thus affecting patterns of 
their growth (Agbaire and Esiefarienrhe 2009). 
Pollutants’ adverse effects on plant have long been 
known, air pollutants cause damage to leaf cuticles and 
affect stomatal conductance, and they can also have 
direct effects on photosynthetic systems, leaf longevity, 
and patterns of carbon allocation within plants 
(Wolfenden and Mansfield 1990). 

Chlorophyll is found in the chloroplast of green 
plants and is called photoreceptor. There are different 
types of chlorophyll molecules, such as chlorophyll-a, 
chlorophyll-b, chlorophyll-c and chlorophyll-d. When 
plants are exposed to increased rates of environmental 
pollutants, the rate of photosynthesis also varies. The 
chlorophyll content of plants also varies from species to 
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species, depending on age of leaf, pollution level, and 
presence of other biotic and abiotic conditions (Katiyar 
and Dubey 2001). Reduction in the concentration of leaf 
chlorophyll content in plants from polluted area was 
observed in different plant species (e.g., Giri et al. 2013; 
Amulya et al. 2015). A study conducted by Giri et al. 
(2013) indicated a decline in the chlorophyll content in 
trees growing in the industrial areas, suggesting that the 
reduction in chlorophyll content was due to degradation 
of chlorophyll into phaeophytin by the loss of 
magnesium ions. Similar changes in concentration of 
pigments were observed in six tree species exposed to 
air pollution due to vehicle emission (Joshi and Swami 
2009). It was also observed that plants from polluted 
area had significantly lower leaf chlorophyll content 
than those present in the control or unpolluted site 
(Prajapati and Tripathi 2008; Rout et al. 2010; Stevovic et 
al. 2010). 

Due to widespread road widening activities and the 
growing vehicular traffic, air quality of Kathmandu Valley 
has been a matter of serious concern. Further, a plant’s 
response may alter under varying pollution stresses; 
however, until now, no study has been carried out in 
Kathmandu Valley to study the impacts of air pollution 
on roadside plants. In the present study, effect of air 
pollutants on chlorophyll content of commonly growing 
shrubby species along roadsides of Kathmandu Valley 
has been studied. The information generated under the 
study will help to understand how does pollution affects 
chlorophyll content. 

Materials and Methods 

STUDY AREA 

The present study was conducted in Kathmandu Valley 
(270 37'30" N and 270 45'0" N latitude, and 850 15'0" E and 
850 22'30" E longitude) in Central Nepal. It is about 1400 
m above sea level, surrounded by high mountains, such 
as Phulchowki Hill (3132 m) in the south-east, Shivapuri  

(2713 m) in the north, Champa Devi (2400 m) in the 
south-west and Nagarjun (2100 m) in the north-west. 
Due to this, the valley has a unique bowl-shaped 
topographic structure where the air pollutants become 
trapped and accumulated without dilution by vertical 
dispersion (Sapkota and Dhaubadel 2002). The mean 
temperature ranges from 10°C (in January) to about 25°C 
(in July). The area receives monsoon rain from June to 
September, which accounts about 80% of the total 
annual rainfall (2244 mm) (Figure 1). Rests of the months 
are dry with few showers of winter rain. Human 
population of Kathmandu Valley is 2.5 million with 
annual population growth rate of 4.2% and population 
density of 2,799.8 km-2 (CBS 2011). Accumulation of total 
suspended particulate matters (TSPMs) has been a major 
problem along roadsides of Kathmandu Valley. 

 
Figure 1. Average monthly mean temperature and 
precipitation of Kathmandu Valley (2012–2017). Source: 
Department of Hydrology and Meteorology, Government of 
Nepal, Kathmandu. 

 
Four sites, Thamel, Lazimpat, Bhaktapur and 

Tribhuvan University Campus area in Kirtipur were 
selected for plant sampling (Table 1). Based on the 
presence of particulate matters, the study sites were 
categorized as heavily polluted, moderately polluted, 
less polluted and least polluted (Table 2). The least 
polluted site was considered as control.  

Table 1. Characteristics of study sites. SN Study site Characteristics Site 1 Thamel  area Crowded, touristic area, high flow of vehicles Site 2 Lazimpat High flow of vehicle, road connecting the northern part of the Kathmandu Valley Site 3 Bhaktapur Residential area Site 4 Kirtipur  University Campus area (within Coronation Garden), less flow of vehicles  
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Table 2. Ambient air quality of study sites (24 hours average data, May 2017; source: GoN 2017). Study site TSPMs  (µg/m3 ) PM2.5 (µg/m3)) PM10(µg/m3)) Thamel (heavily polluted) 1289 147 696 Lajimpat (moderately polluted) 467 95 278 Bhaktapur (less polluted) 321 11 178 Kirtipur (least polluted; control) 305 13 149 
Table 3. Chlorophyll-a content (mg g-1) of selected plant species at different locations. The data were expressed as mean ± 
SD and statistical analysis using two-way ANOVA for obtaining F- and p-values. Significant difference between mean values 
for each species among different pollution levels are indicated by different superscript letters (Duncan multiple comparison 
test, p< 0.05). Plant species Location Heavily     polluted Moderately polluted Less         polluted Least polluted (Control) Mean  
Bougainvillea glabra   1.90±0.08a 1.89±0.23a 1.92 ± 0.34a 1.97± 0.32a 1.92±0.31 
Duranta erecta 1.33±0.12a 1.37± 0.12b 1.35±0.12b 1.47± 0.12c 1.38±0.12 
Lantana camara 1.63±0.05a 1.62 ±0.10a 1.60±0.12a 1.64 ±0.15a 1.62±0.13 
Ricinus communis 1.75±0.02a 1.78 ±0.21a 1.82 ±0.56ab 1.96± 0.11b 1.82±0.42 
Sambucus chinensis 1.45±0.07a 1.46±0.03a 1.65 ±0.35b 1.80±0.24c 1.59±0.21 
F-value. Plant spp.: F = 16.887; location: F = 21.117 
p-value. Plant spp.: p<0.001; location: p<0.001 

 
SELECTION OF PLANT SPECIES 

Five plant species (Bougainvillea glabra Choisy, Duranta 
erecta L., Lantana camara L., Ricinus communis L. and 
Sambucus chinensis Lindl.) widely grown along roadside 
of Kathmandu Valley were selected for the present 
study. The species were selected on the basis of 
availability at all sites. 

COLLECTION OF SAMPLES 

To include the effect of seasons on plant response to 
pollution, two seasons, viz. winter (December-January) 
and summer (June-July) were considered. In order to 
study the impact of dust and other pollutants generated 
by vehicular activities on chlorophyll content of plants, 
the horizontal distance of 0–10 m were selected from 
both sides of the road. The plants growing at selected 
sites on both sides of the road at isoecological 
environments having approximately same height and 
canopy were considered to maintain the uniformity. Five 
leaves from each of the three selected individuals at 
each location were collected. Fully mature leaves were 
collected in the morning hours (8 to 10 AM) from 
branches located at breast height (ca.1.3 m). The 
collected leaf samples were then transported to the 
laboratory in zipper plastic and washed with tap water 

and then with 0.1N HCl, followed by washing with 
distilled water. 

CHLOROPHYLL CONTENT 

Chlorophyll content in the leaves was estimated 
following the method of Arnon (1949) by using a 
spectrophotometer. The fresh and clean leaves (0.25 gm) 
of selected plants were blended in 80% acetone using 
mortar and pestle. The mixture was filtered and the 
filtrate was made to 50 ml. Absorbance of the extract 
was measured at 645 nm, 663 nm and 652 nm using 
spectrophotometer (Spectronic 21, Milton Roy 
Company). The following formulae were used to 
calculate contents (mg g1) of chlorophyll-a (Cha a), 
chlorophyll-b (Cha b) and total chlorophyll (Arnon 1949). 
 
Chl a = 12.7 ( A 663) – 2.69 ( A 645) ×   V   
  1000 × W 

Chl b = 22.9 (A 645) – 4.68 ( A 663) ×   V   
  1000 × W 

Total Chl = 20.2(A 645+8.02(A663)  ×   V   
    1000 × W    

Where, A = absorbance at specific wavelength; V = final volume 
of chlorophyll extract in 80% acetone; W = fresh weight of leaf 
extracted. 
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STATISTICAL ANALYSIS  

Data were analyzed by SPSS version 17 using two-way 
ANOVA. Comparison of mean of chlorophyll-a, 
chlorophyll-b and total chlorophyll contents among 
plant species was carried out by two-way interaction 
among plant species and location (pollution level). 
Comparison between the pigments of two seasons was 
done by using t-test. For significant factors, multiple 
comparison tests, using Duncan multiple comparison 
statistics, were used. 

Results 

CHLOROPHYLL-A CONTENT 

The leaf chlorophyll-a content of the selected plant 
species varied from 1.38 to 1.92 mg g1 (Table 3). Among 
the five species studied, Bougainvillea glabra had 
maximum leaf chlorophyll-a content of 1.92 mg g1. This 
was followed by Ricinus communis, Lantana camara, 
Sambucus chinensis and Duranta erecta, with respective 

values of 1.82, 1.62, 1.59 and 1.38 mg g1. Further, the 
variations in leaf chlorophyll-a content of all plant 
species varied significantly (p<0.001) with the pollution 
status of the area with higher value at less polluted site     
1  
and least at heavily polluted site (Table 3). Season of 
collection also significantly affected the chlorophyll-a 
content (Figure 2). The interaction between species and 
seasons exerted a significant influence on the content of 
leaf chlorophyll. Among the selected species, Bougain-
villea glabra leaves contained highest chlorophyll-a 
content of 2.01 mg g1 during the summer season. The 
lowest value of 0.56 mg g1 was recorded in Duranta 
erecta during winter season (Figure 2). 

Overall average reduction of chlorophyll-a content 
ranged 0.60% (Lantana camara) to 19.44% (Sambucus 
chinensis) at heavily polluted site when compared with 
less polluted site (control) (Figure 3). The reduction in 
leaf chlorophyll-a content of selected species followed 
the order of Sambucus chinensis (19.44%) > Ricinus 
communis (10.71%) > Duranta erecta (9.52%) > 
Bougainvillea glabra (3.55%) > Lantana camara (0.60%). 

 

 
Figure 2. Seasonal variation in the chlorophyll-a content (mean with error bar) of the studied shrub species (Bougainvillea 
glabra, Duranta erecta, Lantana camara, Ricinus communis and Sambucus chinensis) (p<0.001). 

 
Figure 3. Overall average reduction of chlorophyll-a content of studied shrub species (Bougainvillea glabra, Duranta erecta, 
Lantana camara, Ricinus communis and Sambucus chinensis) at sites with different pollution levels (the reduction was 
calculated with respect to less polluted site, i.e., control). 
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Figure 4. Seasonal variation in the chlorophyll-b content (mean with error bar) of the studied shrub species (Bougainvillea 
glabra, Duranta erecta, Lantana camara, Ricinus communis and Sambucus chinensis) (p<0.001). 

 
Figure 5. Overall average reduction of chlorophyll-b content of studied shrub species (Bougainvillea glabra, Duranta erecta, 
Lantana camara, Ricinus communis and Sambucus chinensis) at sites with different pollution levels (the reduction was 
calculated with respect to less polluted site, i.e., control). 

 
CHLOROPHYLL-B CONTENT 

The leaf chlorophyll-b content of the selected plant 
species ranged 0.60–2.27 mg g1 (Table 4). Among the 
five species studied Bougainvillea glabra had maximum 
leaf chlorophyll-b content of 2.27 mg g1. This was 
followed by Lantana camara, Ricinus communis, 
Sambucus chinensis and Duranta erecta, with respective 
values of 1.35, 1.05, 0.80 and 0.60 mg g1. Further, the 
variations in leaf chlorophyll-b content of plant species 
varied significantly (p>0.001) with the pollution status of 
the area with higher value at less polluted site and least 
at heavily polluted site (Table 4). 

Season of collection also significantly affected 
chlorophyll-b content of samples (Figure 4). The 
interaction between species and seasons exerted a 
significant influence on the leaf chlorophyll-b content 
(Figure 4). Among the studied species, Bougainvillea 
glabra leaves were found to contain highest chlorophyll-
b content of 2.29 mg g1 during the summer season. The 

lowest leaf chlorophyll-b content (0.522 mg g1) was 
recorded in Sambucus chinensis during winter season. 

Overall average reduction of chlorophyll-b content 
at polluted site with respect to less polluted site (control) 
was found in the range of 1.61 %–29.67%, lowest to 
highest in the leaf of Duranta erecta and Sambucus 
chinensis, respectively at heavily polluted site (Figure 5). 
The reduction in leaf chlorophyll-b content of selected 
species followed the order of S. chinensis (29.67%) > 
Ricinus communis (27.5%) > Bougainvillea glabra (2.14%).  
Lantana camara (2.12%) > Duranta erecta (1.61%). 

TOTAL CHLOROPHYLL CONTENT 

There was significant difference (p<0.001) in total 
chlorophyll content among the samples at different 
pollution level. The total chlorophyll content of species 
ranged 1.55–3.40 mg g1 (Table 5). Among the five 
species studied, Bougainvillea glabra had maximum 
total chlorophyll content of 3.40 mg g1 in their leaves.      
1  
 

0

0.5

1

1.5

2

2.5

3

B. glabra D. erecta L. camara R. communis S. chinensis

C
hl

or
op

hy
ll-

b 
co

nt
en

t (
m

g/
g)

 

Plant species 

Summer Winter

0

5

10

15

20

25

30

35

B. glabra D. erecta L. camara R. communis S. chinensis

%
 R

ed
uc

tio
n 

in
 c

hl
or

op
hy

ll-
b 

co
nt

en
t  

Plant species 

Heavilly polluted Moderately polluted Less polluted

S. Dhyani et al. / Effect of particulate matters on chlorophyll content of shrubs / Botanica Orientalis, 13 (2019): 13–21



18 
 

Table 4. Chlorophyll-b content (mg g-1) of selected plant species at different locations. The data were expressed as mean ± 
SD and statistical analysis using two-way ANOVA for obtaining F- and p-values. Significant difference between mean values 
for each species among different pollution levels are indicated by different superscript letters (Duncan multiple comparison 
test, p< 0.05). Plant species Location Heavily     polluted Moderately polluted Less         polluted Least polluted (Control) Mean  
Bougainvillea glabra   2.28±0.04b 2. 29±0.21b 2.19±0.34a 2.33 ±0.14b 2.27±0.17 
Duranta erecta 0.61±0.13a 0.60±0.09a 0.59±0.08a 0.62±  0.06a 0.60±0.12 
Lantana camara 1.38±0.61b 1.28±0.43a 1.33±0.05a 1.41±0.71b 1.35±0.56 
Ricinus communis 0.87±0.12a 1.07 ±0.02b 1.07±0.04b 1.20± 0.04b 1.05±0.05 
Sambucus chinensis 0.64±0.06a 0.86±0.02b 0.80±0.05b 0.91±0.04c 0.80±0.03 
F-value. Plant spp.: F = 16.42; location: F = 37.41 
p-value. Plant spp.: p<0.001; location: p<0.001 
Table 5. Total leaf chlorophyll content (mg g-1) of selected plant species at different locations. The data were expressed as 
mean ± SD and statistical analysis using two-way ANOVA for obtaining F- and p-values. Significant difference between mean 
values for each species among different pollution levels are indicated by different superscript letters (Duncan multiple 
comparison test, p< 0.05). Plant species Location Heavily    polluted Moderately polluted Less         polluted Least polluted (Control) Mean  
Bougainvillea glabra   3.43±1.01a 3.43±0.98a 3.30 ±1.21a 3.47±1.82a 3.40± 1.00 
Duranta erecta 1.60±0.12a 1.50±0.11b 1.47 ±0.56b 1.63±0.21a 1.55±0.35 
Lantana camara 2.82±0.23b 2.78 ±0.23a 2.75 ±0.21a 2.86±0.23b 2.80± 0.12 
Ricinus communis 2.49±0.31b 2.39±0.23a 2.46 ±0.12b 3.41±0.34c 2.69±0.25 
Sambucus chinensis 1.68±0.03a 2.38±0.36c 2.14 ±0.21b 2.65±0.31d 2.21±0.28 
F-value. Plant spp.: F = 33.896; location: F = 45.735 
p-value. Plant spp.: p<0.001; location: p<0.001 
 
This was followed by Lantana camara, Ricinus communis, 
Sambucus chinensis, and Duranta erecta, with respective 
values of 2.80, 2.69, 2.21 and 1.55 mg g1. Further, the 
variations in total chlorophyll content of plant species 
varied significantly (p>0.01) with the pollution status of 
the area with higher value at less polluted site and least 
at heavily polluted site. Season of collection also 
significantly affected the total chlorophyll content of 
samples (Figure 6). The interaction between species and 
seasons exerted a significant influence on the leaf 
chlorophyll content. Among the selected species, 
Bougainvillea glabra leaves were found to contain 
highest total chlorophyll content of 3.96 mg g1 during 
the summer season. The lowest value of 1.0 mg g1 was 
recorded in Duranta erecta during winter season (Figure 
6). 

Overall average reduction of total chlorophyll 
content at polluted site with respect to less polluted site 

(control) was found in the range of 1.15–36.28%, lowest 
to highest in the leaf of Bougainvillea glabra and 
Sambucus chinensis, respectively at heavily polluted site 
(Figure 7). The reduction in leaf total chlorophyll content 
of selected species followed the order of S. chinensis 
(36.28%) > Ricinus communis (26.75%) > Duranta erecta 
(2.45%) > Lantana camara (1.39%) > Bougainvillea glabra 
(1.15%). 

Discussion 

Chlorophyll content of plant signifies its photosynthetic 
activity as well as the growth and development of 
biomass. Chlorophyll content varies from species to 
species with age of leaf and also with the pollution level 
along with other biotic and abiotic conditions. There was 
significant difference in chlorophyll-a, chlorophyll-b and 
total chlorophyll content of collected samples in present 
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Figure 6. Seasonal variation in the total chlorophyll content (mean with error bar) of the studied shrub species 
(Bougainvillea glabra, Duranta erecta, Lantana camara, Ricinus communis and Sambucus chinensis) (p<0.001). 

 
Figure 7. Overall average reduction of total chlorophyll content of studied shrub species (Bougainvillea glabra, Duranta 
erecta, Lantana camara, Ricinus communis and Sambucus chinensis) at sites with different pollution levels (the reduction was 
calculated with respect to less polluted site, i.e., control). 

 
study (Tables 3–5). Highest content for all pigments was 
recorded in Bougainvillea glabra and lowest in Duranta 
erecta. This variation of chlorophyll content may be 
attributed to the genetic variations among the plant 
species. Further, the variations in leaf chlorophyll 
content may also be ascribed to the tolerance as well as 
the sensitivity of the species to the pollution load 
(Singare and Talpade 2013). Plants growing in different 
pollution conditions also exhibited significant variation 
in their leaf chlorophyll content. Interestingly, plants 
growing at least polluted site had the highest 
chlorophyll content, which was followed by those 
growing at less polluted, moderately polluted and 
heavily polluted sites (Tables 3–5). The results are in 
conformity with the findings of Mir et al. (2008), who 
pointed out high level of automobile pollution is the 
cause of decrease in chlorophyll content of plants near 
roadside. Several researchers have recorded reduction in 
chlorophyll content under air pollution (Joshi and Swami 
2009). There are several possible reasons for reduction in 

chlorophyll content due to increased air pollution, which 
are related to photochemical reactions such as 
oxidation, reduction and reversible bleaching of the 
photosynthetic pigments under stressed condition (Rout 
et al. 2010). Another possible reason may be due to the 
alkaline condition created by the dissolution of 
chemicals present in dust particles in cell sap, which is 
responsible for chlorophyll degradation. The deposition 
of dust particles in the stomata interfere with the 
gaseous exchange that consequently retard the 
chlorophyll. Reduction in chlorophyll content usually 
results in conversion of chlorophyll into phaeophytin, 
which results due to loss of magnesium ions (Giri et al. 
2013). 

All the plant species studied had significantly higher 
content of chlorophyll-a, chlorophyll-b and total 
chlorophyll (Figures 2, 4 and 6) during summer season 
(June-July), which may be attributed to the availability of 
better growing conditions in this season. This view is 
supported by Kershaw and Webber (1986) and Mishra et 
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al. (2013), who also reported highest value of chlorophyll 
during this period. This may also be attributed to the fact 
that chlorophyll concentration in leaves decreases in 
response to low temperature and short-day conditions 
as are found in the present study area and increases with 
increase in temperature (Ottander et al. 1995; Weng et al. 
2005). 

The present study showed reduction in the 
chlorophyll content with increase in air pollution as 
shown in Tables 3–5. The reduction in leaf chlorophyll 
content of selected species generally followed the order 
of Sambucus chinensis > Ricinus communis > Duranta 
erecta > Lantana camara > Bougainvillea glabra. The 
reduction in leaf chlorophyll content ascribed to the 
tolerance and sensitiveness of the individual species. The 
reduction in leaf chlorophyll content of plants growing 
on more polluted site might be due to adverse effect of 
vehicular pollution on the plant physiology. Maximum 
reduction in leaf chlorophyll content exhibited by 
Sambucus chinensis can be ascribed to sensitiveness of 
the species to particulate pollutants, while least 
reduction in chlorophyll content by Bougainvillea glabra 
suggests that it is a tolerant species and can tolerate the 
air pollutants. 

Conclusions 

The five shrub species growing along the roadside of 
Kathmandu Valley differ in their responses to the 
particulate dust pollution. The decrease in chlorophyll 
content in samples collected from polluted site as 
compared to those collected from the control site 
indicates that plants along the roadside of Kathmandu 
Valley are greatly influenced by air pollution. The dust 
and vehicular emissions have differentially influenced 
chlorophyll content (chlorophyll-a, chlorophyll-b and 
total chlorophyll) of plant species growing at different 
polluted sites in different seasons. Plants growing at the 
heavily polluted site exhibit highest effects of pollution. 
However, plants in such areas exhibit higher leaf 
chlorophyll content during favorable growing 
conditions of summer season. Out of five species, 
Bougainvillea glabra is tolerant and Sambucus chinensis is 
more sensitive to air pollution. 
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