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Abstract 
The present investigation was carried out during the year 2020 at four study sites. Corresponding to 
biochemical traits, peroxidase activity recorded was maximum in OP-13 (87.99 ΔOD min-1 g-1 FW) 
among plants, S3 (28.74 ΔOD min-1 g-1 FW) among sites. None of the OP X S interactions had significant 
effect on this trait. Highest catalase activity of 63.48 µmol H2O2 min.-1 g-1 FW was observed in OP-15 
among plants, S3 (27.98 µmol H2O2 min-1 g-1 FW) among sites. This attribute had no significant influence 
among interaction treatments. OP-4 had maximum phenol content of 25.34 mg 100g-1 among plants, S3 
(6.87 mg 100g-1) among sites and OP-4 X S3 (26.08 mg 100g-1) in interactins. Flavonoid content 
observed to be higher in OP-4 (1.86 mg 100 g-1) among plants, S3 (1.47 mg 100 g-1) among sites and OP-
1 X S3 (2.50 mg100 g-1) among interaction combinations. Significantly higher proline content was 
recorded in OP-3 (158.76 μg g-1) among plants, S3 (37.94 μg g-1) among areas and OP-3 X S3 (183.00 μg 
g-1) among interactions. Malondialdehyde content recorded was highest in OP-15 (3.66 nmol MDA g-1) 
among species, S3 (2.02 nmol MDA g-1) among sites. OP X S combinations showed non significant 
influence on MDA content. 
 
Keywords: Horticultural ornamental plants, physiological and biochemical attributes, sites, various 
pollutants and landscaping 

 

Introduction 
Avenue trees, ornamental plants and shrubs are capable of removing a significant amount of 
air pollutants from the atmosphere and hence should be considered an integral part of any 
sustainable plan intended at improving air quality. Different plant species vary considerably in 
their susceptibility to air pollutants. Screening of plants for their sensitivity to air pollutants is 
of vital importance [1]. Increased urbanization, industrialization, mining and heavy vehicular 
traffic have resulted in deterioration of air quality has been a major problem from Mangampeta 
(rural site) to Tirupati (urban area) was the major problem since decades in Andhra Pradesh. 
Mangampeta (rural) in YSR Kadapa district of Andhra Pradesh is known for the emission of 
dust particles and different pollutants. Whereas Tirupati (urban) is well known for heavy 
vehicular movement and air pollution level is high and hence to find out the efficacy of 
available existing plant species in trapping the pollutants and dust particle delivered, the 
present investigation is planned. 
Therefore, the aim of the present study is to determine the variation in attributes to establish 
the susceptibility level of different ornamental plants with reference to their tolerance and 
performance index which might be very useful in the selection of appropriate species which 
can be expected to perform well for the development of green environment and for 
landscaping. A very meagre or no work has been done on the development of landscaping with 
appropriate ornamental plants in Rayalaseema region of Andhra Pradesh particularly in above 
mentioned areas. Hence the present investigation was designed and planned by taking above 
constraints into consideration to find out the pollution tolerance level of various ornamental 
plants at multiple study sites to select appropriate plants which can be grown and expected to 
perform well for the development of greener environment along with landscaping purpose for 
a long way ahead. 
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Material and Methods 

The present investigation was carried out during the year 

2020 at four locations viz., College of Horticulture, 

Anantharajupeta (Control site), Mangampeta (Barytes mining 

area), Rly. Kodur (Town) and Tirupati (City), Andhra 

Pradesh. 

 

Plant material  

Already growing, existing and commonly occurring multiple 

ornamental plants at four study sites were selected for 

investigation. College of Horticulture, Anantharajupeta 

(Control site-S1), Mangampeta (Barytes mining area and road 

traffic area-S2), Railway Kodur (Town – main road traffic 

area-S3) and Tirupati (City – main road heavy traffic area-S4) 

were selected as study sites. Three plants were selected in 

each treatment (ornamental plant) at random and labeled 

properly for recording observations. Total number of plants 

used was 24, with three replications and two way ANOVA 

was used for the analysis. In all four study sites, same 

ornamental plant species were selected uniformly and tagged 

randomly as per replication and details of plant species 

selected are given below. 

 
Table 1: Treatment (ornamental plants) details 

 

S. No Botanical name Notation 

1 Azadirachta indica OP-1 

2 Bauhinia purpurea OP-2 

3 Delonix regia OP-3 

4 Peltophorum pterocarpum OP-4 

5 Polyalthia longifolia OP-5 

6 Ficus benjamina OP-6 

7 Conocarpus erectus OP-7 

8 Pongamia pinnata OP-8 

9 Nerium oleander OP-9 

10 Acalypha hispida OP-10 

11 Duranta repens OP-11 

12 Tabernaemontana divaricata OP-12 

13 Hibiscus rosa-sinensis OP-13 

14 Pandanus sanderi OP-14 

15 Tecoma stans OP-15 

16 Bougainvillea glabra OP-16 

17 Dieffenbachia amoena OP-17 

18 Sansevieria trifasciata OP-18 

19 Furcraea foetida OP-19 

20 Roystonea regia OP-20 

21 Wodyetia bifurcata OP-21 

22 Cycus cercinalis OP-22 

23 Catharanthus roseus OP-23 

24 Polianthes tuberosa OP-24 

Note: OP-Ornamental plant 

 

To assess the impact of air, vehicular pollution and dust 

particles from road sides and from control site were collected 

from fully matured leaves during morning hours [2]. The leaf 

samples were collected in polythene covers and were carried 

to the laboratory for analysis in the ice box. Leaves facing the 

roadside were plucked mainly during the peak days at a height 

of 1.5 m [3-4]. The data on flavonoid content [5], phenol content 
[6], proline [7], peroxidase activity [8], catalase activity [9] and 

malondialdehyde content [10] were recorded as per standard 

procedures.  

 

Results and Discussion  

Flavonoid content  

The flavonoid content of the ornamental plants differed 

significantly among different sites and interaction 

combinations. Among the ornamental plants, highest 

flavonoid content (1.86 mg 100 g-1) was recorded in OP-1 

which was on par with OP-4 (1.83 mg 100 g-1) and OP-20 

(1.83 mg 100 g-1). Among sites, maximum flavonoid content 

(1.47 mg 100 g-1) was recorded at S3 followed by S2 (1.13 mg 

100 g-1), S4 (0.77 mg 100 g-1). In interaction of ornamental 

plants and sites, the combination of OP-1 X S3 gave 

maximum value (2.50 mg 100 g-1) which was on par with OP-

16 X S3 (2.48 mg 100 g-1), OP-20 X S3 (2.43 mg 100 g-1).  

The data furnished in Table 2 revealed that flavonoid content 

recorded was maximum at site S3 might be due to vehicular 

pollution resulted in significant increase in the total flavonoid 

content of Peltophorum pterocarpum (OP-4) plants at site S3 

(Railway Kodur). A similar trend was reported with the 

findings of [11], who have reported increase in total flavonoids 

in Artemisia vulgaris L. and Veronica chamaedrys L. in 

relation to air pollution stress. Total flavonoids in plants 

increased by increasing pollution loads across the sites, hence, 

this validates their role as biomarkers of auto exhaust 

pollution [12]. The increase in the total flavonoid content may 

also be attributed to other environmental pollution.  

 

Phenol content 

Phenol content varied significantly due to the influence of 

ornamental plants, locations and their interactions. Among the 

ornamental plants, OP-4 noticed to have the highest phenol 

content (25.34 mg 100 g-1) which was found significantly 

superior to other ornamental plants followed by OP-3 (19.84 

mg 100 g-1), OP-7 (11.48 mg 100 g-1), OP-5 (9.02 mg 100 g-1) 

and OP-8 (8.73 mg 100 g-1). Among sites, S3 found 

significantly superior in having phenol content (6.87 mg 100 

g-1) followed by S2 (6.11 mg 100 g-1), S4 (5.70 mg 100 g-1) 

and S1 (5.22 mg 100 g-1). In interaction, the combination of 

OP-4 X S3 had significantly highest phenol content (26.08 mg 

100 g-1) which was on par with OP-4X S2 (25.49 mg 100 g-1). 

Phenols act as a free radical scavengers to protect plants away 

from damage by oxidative stress. They play important role in 

maintaining cellular osmotic potential when plant is exposed 

to stress conditions especially air pollution. The highest 

concentration of total phenols in the leaves of Peltophorum 

pterocarpum (OP-4) may be attributed to its genetic 

constitution and moreover, due to its highest tolerance to the 

pollution as an adaptation to avoid the adverse effect of air 

pollution at S3 (Railway Kodur). The increase in the 

concentration of total phenols in the plants growing at S3 may 

be ascribed to higher pollution load near to the location 

particularly with vehicles and other pollutants. The results are 

in agreement with the findings of [13-14] who studied the 

increase in phenolic compounds in plants exposed to various 

pollutants.  

 

Proline content  

The data furnished in Table 2 revealed that proline content 

varied significantly by ornamental plants, study sites and their 

interactions. The results demonstrate that the ornamental plant 

OP-3 recorded maximum proline content (158.76 μg g-1) 

followed by OP-1 (153.81 μg g-1), OP-4 (101.97 μg g-1), OP-

11 (87.68 μg g-1) and OP-5 (81.53 μg g-1). Among the sites, S3 

showed maximum value (37.94 μg g-1) followed by S2 (34.21 

μg g-1) and S4 (32.86 μg g-1). Combination of ornamental 

plants and sites interaction showed maximum proline in OP-3 

X S3 (183.00 μg g-1) which differed significantly among all 

interactions.  

Among the ornamental plant species tried at multiple sites, 

Delonix regia (OP-3) had highest proline content at site S3 
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(Railway Kodur-highly polluted area). [15] also observed a 

higher proline content in plant leaf in pollution stress sites. 

Proline acts as an absorbent and free radical to protect plants 

against oxidative stress. High proline content helps in osmotic 

adjustment of a plant cells under pollution stress. The present 

work also demonstrated that under air pollution conditions at 

S3, proline level of polluted leaves increased significantly. 

Because when the physiological stress of plant increases, then 

the secretion of proline also increases and the secretion of 

proline in stress conditions is a plant natural physiological 

process [15]. 

 

Peroxidase activity  

Data recorded on peroxidase was significantly influenced by 

different ornamental plants and study sites during sampling 

season (Table 3). Results revealed that, the ornamental plant 

OP-13 had highest peroxidase activity (87.99 ΔOD min-1 g-1 

FW) which was followed by OP-2 (73.30 ΔOD min-1 g-1 FW), 

OP-9 (66.16 ΔOD min-1 g-1 FW), OP-22 (63.40 ΔOD min-1 g-1 

FW) and OP-21 (56.42 ΔOD min-1 g-1 FW). Among the sites, 

S3 site had maximum peroxidase (28.74 ΔOD min-1 g-1 FW) 

followed by S2 (28.00 ΔOD min-1g-1 FW), S4 (27.16 ΔOD 

min-1g-1 FW). None of the interaction of ornamental plants X 

sites responded significantly with respect to peroxidase. The 

results demonstrate that peroxidase activity recorded was 

highest in Hibiscus rosa-sinensis (OP-13) at site S3. The 

results obtained find support from [16], they reported that an 

increase in peroxidase activity in plants under a variety of 

stresses like mechanical injury and attack by pathogens or an 

influence of environmental pollution. The increase in 

peroxidase activity varies with the plant species and the 

concentration of pollutants. It has been reported that leaves of 

the resistant plants might have high peroxidase activity [17]. 

Peroxidase activities in all the species were found to be 

maximum at severe air pollution site (S2 and S3) than other 

sites (S1). This may be due to the more interlinked primary 

protection mechanism offered by peroxidase in plants to 

protect themselves at severe air pollution site as compared to 

the less polluted sites. Inherent genetic set up of the species is 

found to be another reason for the above result. Similarly, in a 

study by [18] shown that in response to air pollution, the 

activity of peroxidase from Prosopis juliflora leaves has 

increased. Several researches have suggested that peroxidase 

activity may not be used as a specific indicator of single air 

pollutant and can only be considered as a general indicator of 

oxidative stress [19]. 

 

Catalase activity  

The data in Table 3 revealed that the catalase in the leaves of 

selected plants was found to vary among the ornamental 

plants growing at different sites. Results showed that 

ornamental plant i.e. OP-15 recorded highest catalase activity 

(63.48 µmol H2O2 min-1 g-1 FW) which was followed by OP-

19 (51.39 µmol H2O2 min-1 g-1 FW), OP-16 (47.54 µmol H2O2 

min-1 g-1 FW), OP-11 (44.34 µmol H2O2 min-1 g-1 FW) and 

OP-20 (42.53 µmol H2O2 min-1 g-1 FW). Among the sites, S3 

site recorded maximum catalase (27.98 µmol H2O2 min-1 g-1 

FW) followed by S2 (26.91 µmol H2O2 min-1 g-1 FW), S4 

(26.19 µmol H2O2 min-1 g-1 FW). The interaction of plants X 

sites was not having significant influence with respect to 

catalase. 

The average activity of catalase enzyme was increased in all 

of the species at the site S3 particularly in Tecoma stans (OP-

15) may be due to the genetic inherent characters of the 

genotype and climatic diversity. An efficient anti-oxidative 

defense system with antioxidative enzymes like catalase are 

present in plants to counteract oxidative stress [20]. In plants, 

catalase is one of the main H2O2-scavenging enzyme, detoxify 

H2O2 and dismutates H2O2 into water and O2, and it is a 

constitutive component of peroxisomes and protect 

themselves against oxidative stress. The results of current 

experiment exhibited that the plants grown in high polluted 

site (S3) showed changes in catalase activity in comparison to 

control site (S1). Our results are in agreement with the 

findings by [18-20].  

 

Malondialdehyde content (MDA)  

A significant variation was noticed in the Malondialdehyde 

(MDA) content among ornamental plant species and study 

sites (Table 3). Among the ornamental plants investigated, 

OP-15 exhibited the highest MDA content (3.66 nmol MDA 

g-1) which was found significantly superior to other 

ornamental plants and followed by OP-8 (2.85 nmol MDA g-

1). The response of MDA content among selected sites was 

significant. Maximum value was recorded at S3 (2.02 nmol 

MDA g-1) followed by S2 (1.72 nmol MDA g-1), S4 (1.14 nmol 

MDA g-1) and S1 (0.98 nmol MDA g-1). It was observed that 

no significant response was noticed with the influence of 

ornamental plants X sites on MDA.  

A perusal of the data depicted that among ornamental plants, 

Tecoma stans (OP-15) grown at high polluted area (S3) 

registered maximum value for the above trait. 

Malondialdehyde (MDA) is a major cytotoxic product of lipid 

peroxidation and acts as indicator of free radical production 

and therefore, formation of MDA is considered as measure of 

lipid peroxidation. The role of redox metals in the onset of 

peroxidation of membrane lipids in the plants have been 

realized due to induction of toxic oxygen species. The 

formation of malondialdehyde (MDA) was considered as a 

measure of lipid peroxidation [21]. There are various reports [22-

23] which conferred similar conclusions showing an increase 

in the level of MDA content in the plants grown on treated 

tannery sludge amendments due to the presence of redox 

metals. 

 
Table 2: Response of ornamental plants (OP), sites (S) and their interaction to various pollutants in respect of flavonoid, phenol and proline 

 

Ornamental plant 
Flavonoid content Phenol content Proline 

S1 S2 S3 S4 Mean S1 S2 S3 S4 Mean S1 S2 S3 S4 Mean 

OP-1 0.95 2.16 2.50 1.81 1.86 5.67 6.84 7.43 6.26 6.55 134.44 158.46 168.01 154.34 153.81 

OP-2 0.06 0.13 0.48 0.09 0.19 6.42 7.45 8.04 6.86 7.19 9.34 17.87 20.72 17.34 16.32 

OP-3 0.03 0.14 0.48 0.07 0.18 19.28 20.02 20.61 19.44 19.84 117.34 170.77 183.00 163.93 158.76 

OP-4 1.37 1.92 2.26 1.77 1.83 24.87 25.49 26.08 24.90 25.34 83.43 102.32 120.87 101.24 101.97 

OP-5 0.90 1.68 2.02 1.31 1.48 8.28 9.27 9.86 8.68 9.02 50.98 89.40 97.57 88.16 81.53 

OP-6 1.21 1.97 2.31 1.54 1.76 2.79 3.90 4.49 3.31 3.62 8.16 16.89 18.63 15.87 14.89 

OP-7 0.53 1.58 1.93 0.88 1.23 10.78 11.71 12.30 11.13 11.48 1.17 4.62 7.68 4.19 4.42 

OP-8 0.12 0.21 0.56 0.17 0.27 7.98 8.98 9.56 8.39 8.73 1.31 4.08 6.81 2.89 3.77 

OP-9 0.35 0.94 1.29 0.67 0.81 1.83 2.96 3.55 2.38 2.68 3.15 11.70 14.30 10.73 9.97 
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OP-10 0.59 1.69 2.03 0.85 1.29 4.78 5.85 6.43 5.26 5.58 0.85 1.37 1.93 1.07 1.30 

OP-11 0.08 0.21 0.55 0.14 0.25 1.68 2.82 3.40 2.23 2.53 73.79 92.54 95.96 88.41 87.68 

OP-12 0.90 1.77 2.11 1.41 1.55 1.68 2.82 3.40 2.23 2.53 6.32 13.77 15.04 13.54 12.17 

OP-13 0.09 0.18 0.52 0.13 0.23 1.70 2.84 3.42 2.25 2.55 1.59 5.41 7.25 4.44 4.67 

OP-14 0.16 0.33 0.68 0.26 0.36 2.13 3.26 3.84 2.67 2.98 2.20 5.81 7.76 5.29 5.27 

OP-15 0.95 1.97 2.31 1.29 1.63 2.56 3.68 4.26 3.09 3.40 43.39 63.42 68.71 62.32 59.46 

OP-16 0.63 2.14 2.48 1.69 1.74 3.17 4.27 4.86 3.69 4.00 1.94 12.75 14.72 11.62 10.26 

OP-17 0.18 0.77 1.11 0.34 0.60 1.98 3.11 3.70 2.52 2.83 0.74 1.80 3.11 1.05 1.68 

OP-18 0.14 0.45 0.79 0.33 0.43 1.37 2.51 3.10 1.93 2.23 1.18 2.78 3.67 2.08 2.43 

OP-19 0.11 0.63 0.97 0.36 0.52 2.63 3.74 4.33 3.16 3.47 3.78 17.08 19.09 16.39 14.09 

OP-20 1.16 2.09 2.43 1.62 1.83 2.98 4.09 4.67 3.50 3.81 1.39 2.47 4.58 1.51 2.49 

OP-21 0.14 0.82 1.16 0.19 0.58 3.16 4.26 4.85 3.68 3.99 4.65 17.25 18.67 16.63 14.30 

OP-22 0.10 0.80 1.14 0.17 0.55 2.89 4.00 4.59 3.41 3.72 0.56 3.01 3.67 2.18 2.35 

OP-23 0.44 1.81 2.15 1.02 1.36 2.48 3.60 4.18 3.01 3.32 0.72 2.08 3.09 1.19 1.77 

OP-24 0.17 0.77 1.11 0.45 0.63 2.17 3.30 3.88 2.71 3.02 0.87 3.43 5.84 2.28 3.10 

Mean 0.47 1.13 1.47 0.77  5.22 6.28 6.87 5.70  23.06 34.21 37.94 32.86  

 

CD [P=0.05] 

OP S OP xS   OP S OP xS   OP S OP x S   

0.04 0.02 0.09   0.35 0.14 NS   2.39 0.97 4.78   

 
Table 3: Response of ornamental plants (OP), sites (S) and their interaction to various pollutants in respect of peroxidase, catalase and MDA 

 

Ornamental plant 
Peroxidase activity Catalase activity MDA content 

S1 S2 S3 S4 Mean S1 S2 S3 S4 Mean S1 S2 S3 S4 Mean 

OP-1 50.91 52.60 53.35 51.69 52.14 20.65 22.50 23.68 21.72 22.14 1.33 2.07 2.37 1.49 1.82 

OP-2 72.09 73.73 74.53 72.87 73.30 11.70 13.56 14.74 12.78 13.20 1.15 1.89 2.19 1.31 1.63 

OP-3 0.96 1.43 1.73 1.10 1.30 37.75 39.61 40.78 38.83 39.24 0.14 0.88 1.17 0.29 0.62 

OP-4 1.10 2.63 3.42 1.75 2.22 29.81 31.67 32.84 30.89 31.30 0.33 1.07 1.36 0.48 0.81 

OP-5 1.21 2.63 3.42 1.75 2.25 13.97 15.83 17.00 15.05 15.46 1.16 1.91 2.20 1.32 1.65 

OP-6 18.46 20.13 20.91 19.25 19.69 25.74 27.59 28.77 26.82 27.23 0.96 1.71 2.00 1.12 1.45 

OP-7 0.87 2.27 3.05 1.39 1.89 24.15 26.00 27.18 25.22 25.64 0.67 1.42 1.71 0.83 1.16 

OP-8 53.26 54.90 55.71 54.05 54.48 10.49 12.34 13.51 11.56 11.98 2.37 3.11 3.41 2.53 2.85 

OP-9 64.94 66.60 67.38 65.72 66.16 16.14 18.00 19.17 17.21 17.63 0.92 1.67 1.96 1.08 1.41 

OP-10 3.49 5.13 5.94 4.28 4.71 33.40 35.26 36.43 34.48 34.89 1.72 2.47 2.76 1.88 2.21 

OP-11 22.39 24.07 24.83 23.16 23.61 42.85 44.70 45.88 43.92 44.34 0.72 1.47 1.76 0.88 1.21 

OP-12 42.39 44.07 44.83 43.17 43.62 3.15 4.01 4.53 3.70 3.85 0.74 1.48 1.77 0.89 1.22 

OP-13 86.76 88.43 89.21 87.55 87.99 20.83 22.68 23.85 21.90 22.31 1.37 2.12 2.41 1.53 1.86 

OP-14 18.25 19.90 20.70 19.04 19.47 3.05 3.80 4.03 3.38 3.57 0.29 1.03 1.33 0.45 0.78 

OP-15 18.32 20.00 20.77 19.11 19.55 61.99 63.84 65.02 63.06 63.48 3.18 3.92 4.22 3.34 3.66 

OP-16 1.52 3.17 3.97 2.30 2.74 46.05 47.91 49.08 47.12 47.54 1.72 2.47 2.76 1.88 2.21 

OP-17 11.26 12.93 13.70 12.04 12.49 1.41 1.92 2.43 1.94 1.92 0.08 0.83 1.12 0.24 0.57 

OP-18 1.13 2.83 3.58 1.92 2.37 15.11 16.97 18.14 16.18 16.60 0.46 1.20 1.50 0.62 0.95 

OP-19 0.87 1.90 2.23 1.20 1.55 49.90 51.76 52.93 50.97 51.39 0.16 0.91 1.20 0.32 0.65 

OP-20 41.97 43.60 44.41 42.75 43.18 41.04 42.90 44.07 42.12 42.53 0.85 1.60 1.89 1.01 1.34 

OP-21 55.20 56.87 57.65 55.98 56.42 26.70 28.56 29.73 27.77 28.19 1.07 1.81 2.10 1.22 1.55 

OP-22 62.19 63.83 64.63 62.96 63.40 10.88 12.74 13.92 11.96 12.38 0.02 0.77 1.06 0.18 0.51 

OP-23 5.02 6.70 7.46 5.80 6.25 29.66 31.52 32.69 30.73 31.15 1.46 2.20 2.50 1.62 1.94 

OP-24 0.66 1.60 2.40 1.11 1.44 28.20 30.06 31.23 29.28 29.69 0.58 1.32 1.61 0.73 1.06 

Mean 26.47 28.00 28.74 27.16  25.19 26.91 27.98 26.19  0.98 1.72 2.02 1.14  

 

CD [P=0.05] 

OP S OP x S   OP S OPxS   OP S OP x S   

1.58 0.64 NS   1.24 0.50 NS  72.16 0.06 0.02 NS   
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