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ABSTRACT

The research aimed at comparing the physiological and biochemical parameters in Bougainvillea glabra grown at a 
polluted site with the control site in addition to studying its Air Pollution Tolerance Index (APTI) and Anticipated 
Performance Index (API). The polluted site was selected from the main road in Addarb Jazan, while as, the control 
site was ensured free from any traffi c movement. Parameters like Dust fall, Photosynthetic Pigments, Protein Content, 
Soluble sugar Content, Free amino Acid Content were studied in addition to the parameters necessary for the calcula-
tion of air pollution tolerance index like Total Chlorophyll, pH, Ascorbic acid content and Relative Water Content. 
Anticipated Performance Index was also calculated. There was an increase in chlorophyll, free amino acid content, 
soluble sugar content and pH of leaf extract and while as the protein content, ascorbic acid content and the relative 
water content showed a decrease in polluted plants as compared to the control. Our research fi nds that despite the 
polluted plant being under some biochemical stress, it shows a high tolerance to the vehicular pollution depicted by 
a high air pollution tolerance and anticipated performance index. Hence this plant species can be recommended for 
inclusion in the urban greenbelt development plan and city landscaping.
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INTRODUCTION

Air pollution is one of the major challenges that the 
world is facing today. Air pollution is any variation in 
any atmospheric element than the value which would 
have existed without human interference. Vehicular 
pollution amounts to about 2/3rd of air pollution in the 
urban cities. The main pollutants released by the vehi-
cles include Carbon monoxide, Nitric Oxide, Sulphur 
Dioxides, Hydrocarbons lead (Pb) etc in addition to the 
suspended particulate matter (SPM) which has deleteri-
ous effects on the human health and ecological balance, 
(Ravindra, et al., 2001, Desai et al., 2018, Orlinksi et al., 
2019). 

The World Health Organization estimates that air pol-
lution causes over a million premature infant deaths 
around the world.Saudi Arabia has seen maximum 
economic and infrastructure development inrecent dec-
ades.To accomplish the demands of population growth, 
infrastructure andvehicles have seen an unprecedented 
increase. Vehicular pollution is the major contributor 
of air pollution in Saudi Arabia, because of majority of 
population use cars, (Ahmad et al., 2016).To check the 
different plant species about the values of their tolerance 
to air pollutants is necessary. So that the identifi cation 
of plants species as sensitive, and tolerant is of vital 
signifi cance because the sensitive species can serve as 
indicators and the tolerant ones can be used as sinks to 
monitor the vehicular pollution in urban cities (Singh 
et al., 1991, Ogunrotimi et al., 2017, Jain et al., 2019). 

World-Wide signifi cant work has been done to iden-
tify the plants suitable for phytomonitoring the vehicu-
lar pollution (Pathak et al,. 2015Khalid et al., 2019), but 
nothing signifi cant has been done to see the phytomoni-
toring capacity of Saudi Arabian fl ora. Given this, the 
research was aimed to study the air pollution tolerance 
Index of Bougainvillea glabra plants to suggest the use 
of this plant for urban landscaping. 

MATERIALS AND METHODS

Plant description:Bougainvillea  glabrais a genus of 
thorny ornamental vines, bushes, and trees.It is an ever-
green vine and diligently creeps up on fences. The fl ow-
ershave found use as teas to alleviate mild respiratory 
disorders. The leaves of some types of bougainvillea 
plants have been studied to help with diabetes, blood 
pressure as well as HDL-LDL balancing (Adebayo et al., 
2009, Gaurav et al., 2010).

Site Description: Two sites were selected in Addarb, 
Jazan, Saudi Arabia. The site whichserved as control had 
almost zero traffi c movement while as the other had a 
heavy traffi c movement. Both sites were from the same 

climatic condition (desert conditions with virtually no 
rainfall). 

Cars/Minutes: Traffi c volume was monitored using 
a mobile camera. Hourly traffi c count was calculated 
by analyzing the video footage taken during the fi eld 
observation. Hourly traffi c count was expressed in num-
ber of vehicles per minute (Kadiyali, 1996).

Dust fall: The leaves of Bougainvillea glabra plants were 
washed carefully to completely remove dust particles 
from the leaf surfaces. The plants growing near traffi c 
signals were selected and the leaves growing above 2 
feet from the ground were selected. After washing, the 
plant species were marked with a ribbon tied to it. On 
the seventh day, the dustiest leaves from the same plant 
species were collected in the zipper pouches in ice boxes 
for sampling.Leaves were brought to the Laboratory and 
were washed with water and fi ltered on pre-weighed 
Whatman’s fi lter paper No 1. The fi lter paper was then 
oven dried at 60 0C and later weighed to calculate the 
dust fall. (Joshi, 1990).

Pigment concentrations: Hiscox and Israelstam’s (1979) 
method was used to estimate the pigment concentra-
tion in the samples. The method involves the estima-
tion of plant pigments without maceration. Leaves were 
washed with distilled water (DDW) and chopped. 100 mg 
of chopped leaf material were taken in vials in triplicates 
and 10 ml of Dimethyl sulphoxide was added to each 
vial which was heated in oven at 65˚ C. After 30 min, 
the vials were taken out and the OD of the solution was 
measured at 480, 510, 663 and 645 nm. The Chlorphyll 
a, b Toral chlorophyll content and the Carotenoid con-
tent was calculated according to these formula:

Where d= distance traveled by the light path, W = weight 
of the leaf material taken, V = volume of the extract and 
A = Absorbance

Soluble Protein: Bradford (1976) protocol was used for 
protein estimation.Procedure:0.2 g of fresh and clean 
and chopped leaf material was homogenized in 2 ml 0.1 
M/pH 7.2 phosphate buffer with the help of a pre-cooled 
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mortar and pestle. Homogenate was transferred to the 
pre-cooled centrifuge tube and the centrifugation was 
done at 5000 rpm for 10 min. 1.0 ml of supernatant was 
added to equal amount of chilled 10 % Trichloroacetic 
acid (TCA) in a microfuge. It was centrifuged for 10 min 
at 3300 rpm and the supernatant obtained was thrown 
while as the remaining pellet washed with acetone. 1 ml 
of 0.1 N NaOH was used to dissolve the pellet. 0.5 ml 
Bradford’s reagent was added to 0.1 ml aliquot and was 
subjected to vortex. The tubes were left to let the color 
develop for 10 min. OD was taken at 595 nm on spec-
trophotometer.BSA was used as the standard to calcu-
late protein concentrations and the protein content was 
expressed as mg g-1 FW. 

Soluble Sugar Content Soluble sugar content in the leaf 
samples was estimated by the method of Dey (1990).Pro-
cedure:0.1 g of fresh leaf sample was taken to which 10 
ml ethanol was added and the mixture was incubated 
at 60º C for one hour. Final volume was made up to 25 
ml with ethanol. From this 1 ml aliquot was taken and 
1 ml of phenol was added to it and mixed thoroughly. 5 
ml of sulphuric acid was added to the reaction mixture, 
which was then cooled in air. Optical density was meas-
ured at 485 nm on uv-vis spectrophotometer (Model DU 
640 B, Beckman, USA).The corresponding concentra-
tion of sugar was determined against the standard curve 
of sugar prepared by glucose (C6H12O6) solution. The 
amount of sugar was expressed as mg g-1 fw. 

Free Amino Acid Content The free amino acid con-
tent was estimated by the method of Lee and Takahashi 
(1966).Extraction:A 0.5 g of fresh leaf material was kept 
overnight in 5.0 ml of absolute ethanol and ground with 
the help of mortar and pestle and transferred to the cen-
trifuge tubes. It was then centrifuged at 5500 rpm for 10 
min at 4º C. After that supernatant was taken in a test 
tube and alcohol was evaporated by incubating the tubes 
at 100º C for 1h in a water bath. The pellet obtained was 
dissolved in 10 ml of 0.5 M citrate buffer (pH 5.6).

Estimation: To a 0.5 ml of aliquot, 1.2 ml of 55 % glyc-
erol and 0.5 ml ninhydrin solution were added. The vials 
were kept in water bath for 20 min at 100º C and after 
the appearance of blue colour; the volume was made 
upto 6 mL. Optical density was measured at 570 nm on 
uv-vis spectrophotometer ( BIO 20, Perkin Elmer, Ger-
many). The concentration of amino acid was determined 
against the standard curve prepared by using glycine 
solution of different concentrations and the amino acid 
content was expressed in mg g-1 FW.

Ascorbic Acid: Ascorbic acid content was determined 
by the method ofSadasivam and Manickam (1996). For 
ascorbic acid content determination, a homogeneous 
mixtureof 1 g of leaves was prepared by addition of 

25 mL of 4%oxalic acid, and was dehydrogenated by 
addition of a fewdrops of bromine water to form dehy-
droascorbic acid. Fordehydroascorbic acid, 1 mL of 2,4- 
dinitrophenyl hydrazine(DNPH) was added which led to 
the formation of compoundosazone, which was further 
dissolved in 7 mL of 80% sulfuricacid. The absorbance 
of the solution was measured at 540 nmthrough a spec-
trophotometer.

Leaf pH: To get leaf extract pH, about 4 g of fresh leaf 
was homogenized in 40 mL deionized water and centri-
fuged at 2,500 rpm for 3 min. Extract pH was measured 
using pH meter.

Relative water content: Fresh weight was obtained 
by weighing the leaves. The leaf samples were then 
immersed in water over night and blotted dry and then 
weighed to get the turgid weight. The leaves were then 
dried overnight in a hot air oven at 700C and reweighed 
to obtain the dry weight. RWC was determined and cal-
culated by the method as described by Singh et al (1991). 

       RWC= [(FW-DW)/ (TW-DW)] x 100. 

Where: FW-Fresh weight,DW-Dryweight and TW-Turgid 
weight.

APTI Determination: The air pollution tolerance index 
(APTI) was computed by using the equation of Singh 
et al (1991)APTI = [AA (TCh + pH) + RWC ÷10 Where 
AA = Ascorbic acid content (mg/g), TCh = total chloro-
phyll (mg/g), pH = pH of leaf extract, and RWC = relative 
water content of leaf (%).

RESULTS AND DISCUSSION

We noticed that there was an average of 28 small vehi-
cles/minute and 0.53 large vehicles/minute plying near 
our polluted site.While as on the Control site, there was 
no vehicular movement.

2. Dust fall: We recorded a foliar dust fall of 0.14 and 
2.18 near Control and polluted sites, respectively. A 
greater dust retaining capacity is indicative of a plant’s 
use in phytomonitoring of polluted sites.

We also noticed an increase of chlorophyll pigments 
in polluted plants in comparison to the control while 
as there was a decrease in the Carotenoid content of 
the polluted plants in comparison to the control. Previ-
ous studies have revealed that chlorophyll content in 
plant species varies with the pollution status of that area 
i.e. higher the pollution level in the form of vehicular 
exhausts, lower the chlorophyll content. It also varies 
with the tolerance as well as sensitivity of the plant spe-
cies i.e. higher the sensitive nature of the plant species, 
lower the chlorophyll content. The shading effects due 
to deposition of suspended particulate matter on the leaf 
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FIGURE 1. Traffi c movement in polluted site/minute

FIGURE 2. Dust fall near Control and Polluted plants

FIGURE 3. Pigment content (mgg-1FW) of Bougainvillia glabra in control and polluted plants

surface might also be responsible for the decrease in the 
concentration of carotenoids in the polluted area

In the present study, we found a decrease in soluble 
Protein content in polluted plants in comparison to the 
control plants. Our results are in line with the fi ndings of 
Rai et al (2016), who attributed the reduction in protein 
content of plants at the polluted site to the enhanced 
rate of protein denaturation as well as the breaking of 
the already existing proteins to amino acid because of 
proteolysis under pollution, which is also supported 
by the fi ndings of  Panda and Rai (2015) and Saha and 

Padhy (2011). Many other researchers have reported a 
decrease in the total protein content owing to the pres-
ence of SO2 and NO2 pollutants ( Panda and Rai 2015;  Rai 
and Panda 2015). Agarwal and Deepak (2003) reported 
that SO2  pollution resulted in decrease of protein lev-
els in two wheat cultivarsand attributed this decrease 
to increased proteolysis and reduced protein synthesis.

Soluble sugar is an important component of all liv-
ing things and also an important source of energy for 
living things. It is produced by plants during photosyn-
thesis and it is broken down during respiration (Tripathi 
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FIGURE 4. Soluble Protein Content (mgg-1 FW) in Control and Polluted plants

FIGURE 5. Soluble Sugar Content (mgg-1 FW)  of Control and Polluted plants

FIGURE 6. Free amino acid Content (mgg-1 FW) in Control and polluted plants

& Gautam, 2007). In our study, we noticed an increase 
in the soluble sugar Content.Accumulation of differ-
ent active ions, sugars and amino acids like proline has 
an important role in osmotic adjustment in plant cells 
(Königshofer and Löppert, 2015). These Osmotic adjust-
ments are responsible for maintaining turgor pressure, 
controlling the cell expansion and photosynthesis and 
for maintaining the water fl ow during the shortage of 
water. 

In our study, we saw an increased free amino acid 
content in the Polluted plant leaves as compared to con-
trol. The reason for this increase may be because of the 

accumulation of proline, which is increased when the 
plant is in stress. Also the increased proteolysis under 
stress results in the increase of free amino acid content. 
The decreased protein content together with increased 
free amino acid content in our polluted plants supports 
this theory.

We noticed a decrease in Ascorbic Acid Content in 
polluted plants in comparison to the control plants.
Ascorbic acid has an importantrole incell wallsynthesis, 
plant defense in addition to the cell division(Conklin, 
2001).It also serves as a reducing agent in addition to 
being an important part of photosynthetic carbon fi xa-
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FIGURE 7. Ascorbic Content (mgg-1) in Control and treated plants

FIGURE 8. pH in Control and poluted plants

tion (Pasqualini, 2001).The high amount ofAscorbic acid 
is favorable for pollution tolerance in plants (Keller and 
Schwager, 1977; Lee et al., 1984). 

The leaf extract pH was more in polluted plants than 
in the control. Leaf extract pH plays a signifi cant role 
in regulating SO2 sensitivity of plant. Irerhievwie et al 
(2014) opined that an elevated level of leaf extract pH 
in plants subjected to pollution may increase their toler-
ance level to air pollutants.

We found a low relative Content in Control plants 
with comparison to the polluted plants. Relative Water 
Content (RWC) of a leaf is the water present in it rela-

tive to its full turgidity. Relative water content is related 
to protoplasmic permeability of cells (Aggarwal et al., 
1997). High water content within plants serves as an 
indicator of drought resistance in plants (Dedio, 1975) 
and helps to maintain its physiological balance under 
stress conditions such as exposure to air pollution when 
the transpiration rates are usually high.

The air pollution tolerance index of our polluted 
plants was 26.95 which according to the literature is a 
strong index (Prajapatiand Tripathi, 2008).The APTI val-
ues offer a credible method to screen the fl ora of any 
location for their tolerance and susceptibility to vehic-



Atheer Marwaee Muhammad et al.

620 (BOUGAINVILLEA GLABRA FOR GREENBELT DEVELOPMENT) BIOSCIENCE BIOTECHNOLOGY RESEARCH COMMUNICATIONS

FIGURE 9. Relative Water Content (%) In Control and polluted plants

FIGURE 10. Air Pollution Tolerance Index (APTI) of Bougainvillea glabra 
plants

FIGURE 11. Anticipated  Performance Index (API) % of Bougainvillea glabra plants

ular pollution (Singh et al., 1991). Given the excellent 
APTI of Bougainillea glabra, this part can be categorized 
as a tolerant plant to air pollution.

Anticipated Performance Index

Bougainvillea glabra plant scored 87.5% which is excel-
lent in API grading system according to the criteria of 
Prajapatiand Tripathi (2008). The plant is highly toler-
ant to the vehicular pollution and can be expected to 
perform well as a phytomonitoring agent. It has a dense 

plant canopy and is evergreen and can afford protection 
frompollution stress. The economic and aesthetic value 
of this tree is well known and it may be recommended 
for extensive planting on urban roads for aesthetic and 
pollution-remediation purposes.

The research aimed at the study of phytomonitor-
ing potential of Bougainvillea glabra for vehicular Pol-
lution. The physiological parameters and biochemical 
parameters studied showed that despite the plant being 
subjected under the stress posed by the vehicular pollu-
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tion depicted by the reduced Carotenoid content and the 
protein content, the plants showed tolerance against the 
stress as depicted by its greater air pollution tolerance 
index and excellent anticipated performance Index. This 
plant can be suggested as a model plant to be grown on 
the roads to reduce the particular matter owing to its 
high dust trapping capacity in addition to its tolerance 
as shown by its high APTI and API values. 
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