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ABSTRACT 

Background and Objectives: In recent times, urban air pollution has emerged as one 

of the detrimental threats posed to environment particularly in developing countries 

like India. The   physiological and biochemical response of plants to air pollutants is 

better understood by monitoring the Air pollution Tolerance Index (APTI). It   

expresses the inherent ability of plant to encounter stress arising from pollution. In the 

current investigation, an attempt is made to assess the APTI of 30 avenue trees that 

are commonly present in Salem City, Tamil Nadu, and India. Materials and 

Methods: Leaf samples collected in Salem, Government Arts college   campus where 

there is more or less air pollution served as a control site. The Maravaneri area within 

Salem city where there is heavy vehicular traffic is chosen as the experimental site 

because here the trees are commonly exposed to greater load of air pollutants. 

Results: Determination of APTI reveals that among 30 trees chosen for the study   

60% of the   trees   present in experimental site recorded higher APTI value compared 

to trees in the control site.  Further, it is also noted that 10 trees fall under an 

intermediate category and 20 trees belong to a sensitive category as far as APTI is 

concerned both in control as well as in the experimental sites. However,   percent 

over control value of APTI (143) pinpoints Carica papaya as the tree responding to 

greater level towards air pollution. Except, Carica papaya, Terminalia catappa and 

Spathodea campanulata are identified as trees having more resistance towards air 

pollution. On the contrary, Albizia lebbeck is identified as the tree which is most 

sensitive to air pollution. Conclusion: This study clearly indicates that the APTI 

index serves as a significant tool to determine the influence of air pollution on trees. 

Moreover, this study further suggests that plants having higher APTI should be given 

priority for plantation in urbanized and industrialized areas so as to mitigate the 

effects of air pollution and make ambient atmosphere cleaner and healthier. 

 

Key words: Air Pollution Tolerance Index, Ascorbic acid, Chlorophyll, pH and 

Relative Water content. 
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INTRODUCTION 

 

 Air pollution is one of the greatest environmental problems experienced by people 

throughout the world. Its severity is aggravated due to increasing industrialization and 

urbanization during the last few decades (Rajput and Agrawal, 2005). It has been documented 

that particulates and gaseous pollutants impose negative effects on the physiology of plants 

(Das and Prasad, 2010). Owing to the perennial character of trees, they experience greater 

influence towards air pollutants when compared to any other living organisms. Leaves exhibit 

apparent and clear damage such as chlorosis, necrosis, abscission, dwarfing and epinasty   

when they are exposed directly to air pollutants. Therefore, leaves serve   as a significant 

organ of a tree, which could directly reflect detrimental effect of air pollution. Thus, the 

response of trees towards air pollutants serves as a tool to monitor air pollution status in a 

particular locality. 

 

 Air pollution control is more difficult than most other environmental challenges. 

Physical or chemical methods are found to be of less use in ameliorating air pollutants. On 

the other hand, trees are identified as potential living organisms that can trap and metabolize 

air pollutants and ultimately help in improving urban air quality by releasing oxygen in to the 

atmosphere (Mondal et al., 2011). Thus it is clear that, trees help in pollution abatement 

measures in a better way. It is evident that adopting green belt by growing (green) plants in 

and around industrial and urban areas is the appropriate and meaningful strategy of 

ameliorating the effects of air pollutants (Shannigrahi et al., 2004) and plantation of tree 

species that endure the harmful effects of air pollution may definitely improve urban air 

quality  and cleanliness of a city (Bamniya et al., 2011). 

 

 The reaction of trees towards air was monitored by air pollution tolerance index 

(APTI).  In simple terms, APTI determination offers a promising method for screening tree 

species with respect to their liability to air pollutants.  Evaluation of plant responses based on 

single criterion alone may not be reliable   when they are exposed to various unspecified 

pollutants. So, an assessment based on the combination of   many parameters such as relative 

water content, pH, total chlorophyll content and ascorbic acid content in leaf samples 

alonecan provide a more accurate inference than that based on a single biochemical parameter 

(Liu and Ding, 2008; Mahecha et al., 2013) 

 

 Urbanization is witnessed as a process which leads to environmental hazards such as 

air pollution particularly in developing   cities such as Salem, Tamil Nadu. Literature survey 

clearly expounds that the determination of APTI not only helps in the identification oftolerant 

species but also it categorizes tree species into sensitive and tolerant groups based on their 

responses. Sensitive species serve as bio indicators whereas tolerant species act as sink, in 

mitigating air pollution. Therefore   an attempt was made to understand the response of 30 

common avenue trees of Salem city, Tamil Nadu towards air pollution and their APTI was 

assessed. 

 

MATERIALS AND METHODS 

 

Study area: The Salem district is located in Tamil Nadu, southern India. The City of Salem 

is the district headquarters. It is also called as mango city. Other main towns in the district are 

Mettur, Omalur and Attur. Salem was the biggest district of Tamil Nadu before it was divided 

into two districts namely Salem and Dharmapuri. Later Salem was again partitioned with the 

formation of Namakkal. The Salem city, occupies the fourth position following Chennai, 
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Coimbatore and Madurai as far as most urbanized cities in Tamil Nadu is concerned.  Salem 

is   part of western Tamil Nadu and it is located at the foot of famous tourist destination of 

Yercaud hills. It is located 160 km North West of Coimbatore and about 340 km south west 

of the state capital, Chennai. The word ‘Salem’ has been derived from Sela/ Shalya, which 

refers to a place surrounded by hills. The Salem city is surrounded by hills on all sides viz., 

Nagaramalai is present towards north, Jarugumalai towards south, Kanjamalai towards west, 

Godumalai towards east, Shevaroy hills to north east and Kariyaperumal hills in the south 

west.  The river Thirumanimuthar flows through the city. Salem is geographically located at 

11˚39’ N/ 78˚8’E covering an area of 100 km2. The average elevation is 278 m and the area 

has 39 mile2.  Salem is a rain shadow region characterized by limited rainfall and arid climate. 

It experiences average dry weather almost in all months except during the monsoon season. 

 

Sampling site: For the current study, thirty avenue trees were chosen because of their 

availability in both the control and experimental sites (Table 1). Fresh leaf samples from each 

plant were selected from the experimental site (ES) namely Maravaneri area where there is 

heavy vehicular traffic. A  similar set of leaf samples was collected inside the college campus 

(Government Arts College , Salem – 7)  and this site served as control site (CS) because the 

trees here are not affected so much by air pollutants. Leaves were collected and analyzed for 

APTI index value during the period of December2018-March 2019.  

 
Table 1: List of avenue trees chosen for APTI assessment. 

S.No Botanical Name Family 

1 Tecoma stans (L) Juss. ex. Kunth Bignoniaceae 

2 Terminalia catappa L. Mant. PL Combretaceae 

3 Wrightia tinctoria R.Br. Apocyanaceae 

4 Peltophorum pterocarpum (D.C.) Fabaceae 

5 Holoptelea integrifolia (Roxb.) Ulmaceae 

6 Muntingia calabura L.Sp.Pl  Muntingiaceae 

7 Thespesia populnea (L.) Sol. Ex. Correa Malvaceae 

8 Tectona grandis L.F. Lamiaceae 

9 Albizia lebbeck (L.) Benth Fabaceae 

10 Plumeria alba L. Apocynaceae 

11 Millingtonia hortensis L. Sp.Pl Bignoniaceae 

12 Alstonia scholaris (L.) Apocyanaceae 

13 Delonix elata (L.) Fabaceae 

14 Ficus benghalensis L. Sp.Pl Moraceae 

15 Spathodeacampanulata P. Beauv. Fl. Bignoniaceae 

16 Crataevareligiosa (Buch. Ham) Capparaceae 

17 Mangiferaindica L.Sp.Pl Anacardiaceae 

18 Pithecellobiumdulce (Roxb.) Benth Fabaceae 

19 Psidiumguajava (L.) Myrtaceae 

20 Carica papaya L. Sp.Pl Caricaceae 

21 Mimusops elengi L. Sp.Pl Sapotaceae 

22 Polyalthia longifolia Sonn. Annonaceae 

23 Milletia pinnata (L.) Fabaceae 

24 Delonix regia (Hook) Fabaceae 

25 Azadirachta indica (A. Juss) Meliaceae 

26 Nerium indicum L. Apocyanaceae 

27 Samanea saman (Jacq.) Merr. J. Fabaceae 

28 Ficus religiosa L. Sp.Pl Moraceae 

29 Senna siamea Lam Fabaceae 

30 Tamarindus indica (L.) Fabaceae 

 

GEDRAG & ORGANISATIE REVIEW - ISSN:0921-5077

VOLUME 33 : ISSUE 02 - 2020

http://lemma-tijdschriften.nl/

Page No:189



 
 

Sample analysis: Fully developed and fresh leaves in triplicates were collected during early 

morning and taken to the laboratory for evaluation. Maximum attention was paid that the 

samples from each site were collected from plants growing in same ecological condition. The 

leaf samples were then analyzed for biochemical parameters. 

 

Methodology: The following physiological and biochemical parameters such as leaf Relative 

Water Content (RWC), ascorbic acid content (AAC), total chlorophyll content (TCH), and 

pH of leaf extracts were analyzed. They were used to compute the APTI values for tree 

species present in both the ES and CS. 

 

Relative water content (RWC) (Singh, 1977): Leaf samples soon after collection were 

weighed immediately on a weighing balance to obtain the fresh weight (FW). The leaves 

were then soaked in water for 24 hours (overnight) and then blotted dry using Whattman 

filter paper. They were reweighed to obtain the turgid weight (TW). The leaves were finally 

dried in an oven for 48 hours at 70℃ and weighed again on the weighing balance to obtain 

the dry weight (DW). RWC was calculated by the formula: 

 

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

 

pH of leaf extract (Singh and Rao, 1983): 5g of fresh leaves were homogenized using 10 

ml of deionized water and were filtered. The pH of the filtrate was found out after calibrating 

the pH meter with a buffer solution of pH 4 and 9.  

 

Total chlorophyll content (TCH) (Arnon, 1949): Extraction and determination of TCH was 

performed following the method of Arnon (1949). 3 g of fresh leaves was taken and then 

extracted with 10 ml of 80% acetone and left undisturbed for 15 minutes. The liquid portion 

was decanted into another test and centrifuged at 2500 rpm for 10 minutes. The absorbance of 

the collected supernatant was measured at 645 and 663 nm using a spectrophotometer.  

 

Calculations were made using the formula given below: 

Chlorophyll a (mg/g) = 12.7 Dx663-2.69 Dx645 X V/1000W  

Chlorophyll b (mg/g) = 22.9 Dx645-4.68 Dx663 X V / 1000W  

 

TCH - Chlorophyll a+b (mg/g)  

Dx- Absorbance of extract at wavelength x (nm)  

V - Total volume of the extract used for chlorophyll (ml)  

W - Weight of the leaf tissue (g)  

 

Ascorbic acid content (AAC): Ascorbic acid content was determined following the method 

adopted by Omaye (1979).  

 

Extraction: 1g of fresh material was ground in a pestle and mortar with 5 ml of 10% TCA. 

The extract was centrifuged at 3500 rpm for 20 minutes. The pellet was re-extracted twice 

with 10% TCA and a supernatant was made to 10 ml.  

 

Estimation: To 0.5 ml of extract, 1 ml of DTC (3g of 2,4 Dinitrophenyl hydrazine, 0.4 g of 

thiourea and copper sulphate were dissolved in 100 ml of 9 N Sulphuric acid) reagent were 

added and mixed thoroughly. The tubes were incubated at 37℃for 3 hours and to this 0.75 ml 

of ice cold 65% H2SO4 was added. The tubes were then allowed to stand at 30℃ for 30 

minutes. The resulting color was read at 520 nm in a spectrophotometer. 
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The formula to calculate APTI (Singh and Rao, 1983) is: 

 

APTI =
𝑨(𝑻+𝑷)+𝑹

𝟏𝟎
 

 

A – Ascorbic acid content of leaf sample (mg/g F.wt) 

T – Total chlorophyll content of leaf sample (mg/g F.wt) 

P – pH of leaf extract 

R – Relative water content of leaf sample (%) 

 

Species category with respect to APTI (Lakshmi, 2009). 

No. APTI Class 

1.  <1 Very sensitive 

2.  1-16 Sensitive 

3.  17-29 Intermediate 

4.  30-100 Tolerant 

 

Statistical tools: The statistical tools used in the study are correlation, regression and residual 

analysis. The correlation analysis was used to identify the biochemical factors, which have 

high degree of relationship with the dependent variable, namely the APTI under study. The 

findings of the correlation analysis can further be tested using a regression model. Based on 

the significant co efficient and R2 value obtained from the regression a vital biochemical 

factor   in determining the resistance of plants against air pollution can be identified. Further 

justification for these results can be obtained using a residual analysis. Various error 

measures for the fitted model   that can identify the reliable biochemical parameter includes 

the Root mean squared error, the Mean absolute error and the Mean absolute percent error. 

(Tak and Kakade, 2017; Joshi et al., 2016). 

 

RESULTS 

 

 Vehicular emission of toxic gases, toxic metals, organic molecules  and soot particles 

from the traffic sector have been identified as the major cause for the deterioration of air 

quality in Indian cities. This in the long run may have detrimental effects on the wellbeing of 

human beings as well as other living organisms. Hence, the impact of urban avenue trees in 

mitigating air pollution was assessed in this study. The reaction of the tree species shown in 

Table 1 towards air pollution at physiological and biochemical levels was analyzed by 

determining APTI (Lohe et al., 2015). It was calculated using biochemical parameters 

namely relative water content, pH, TCH and AAC of leaf samples. 

 

 In the current study, the relative water content of leaves in the majority of trees from 

the polluted area was found to be greater when compared to the control plants (Table 2). 

Similar trend was reported by Gharge and Menon (2012). Among 30 trees analyzed for 

RWC, Wrightia tinctoria and Carica papaya recorded maximum level both in the CS and ES 

whereas Peltophorum pterocarpum was found to contain least RWC in both sites. Percent 

over control analysis of RWC indicated Carica papaya to possess relatively higher tolerance 

towards air pollution when compared to other plants as far as RWC is concerned. 

 

 The pH of leaf extract indicates its sensitivity towards air pollution (Scholz and Reck, 

1977). In almost all trees chosen for the study, decreased pH of leaf extracts was recorded in 
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the ES, than in CS. Except Senna siamea, all the other trees registered a pH range between 6 

and 7. The leaf extracts of Senna siamea, both in the CS and ES recorded an acidic pH range 

around 5.0 (Table 2). 

 

 
Table 2: Determination of RWC (%), TCH (mg/ g), pH and AAC (mg/ g) of some common avenue 

trees of Salem city, Tamil Nadu. 

Values inside parenthesis denote percent over control. C.S- Control Site and E.S- Experimental Site 

 

 

 The determination of the TCH in leaf samples infer that leaves subjected to air 

pollution had lower level of TCH when compared to those plants in the control site (Joshi and 

Swami, 2009). Out of 30 trees chosen for study, 80% of them being exposed to air pollution 

registered lesser level of TCH than the leaves belonging to CS. In the remaining 20% of trees, 

a reversed trend was observed. Analysis of percent over the control value indicated Ficus 

benghalensis exposed to air pollutants recorded a maximum value (123) when compared to 

other trees. Moreover, it was also understood that the TCH was found to differ from one tree 

species to the other based on the age of leaf, and pollution load (Katiyar and Dubey, 2001) 

(Table 2). The determination of the percent AAC in leaf samples revealed that in almost all 

trees chosen for the study, its content is comparatively higher in the polluted site than in the 

control one. This result is in accordance with the findings of Rai et al. (2013). Analysis of the 

data about their percent over the control values indicated that among the 30 tree species 

No. Tree sample 
RWC (% )  TCH(mg/g F.wt) pH 

AAC 

(mg/g F.wt) 

C.S E.S C.S E.S C.S E.S C.S E.S 

1.  Tecoma stans (L) Juss. ex. 

Kunth 

73.00 22.81(32) 58.0 52.2(90) 6.44 6.18 (96)   0.97 1.10(114) 

2.  Terminalia catappa L. Mant. PL 82.05 15.33(18) 67.3 57.0(85) 5.99 5.82(97)   0.49 2.40(491) 

3.  Wrightia tinctoria R.Br. 94.99 15.13(16) 37.2 39.7(107) 6.48 6.66(103) 1.94 2.68(138) 

4.  Peltophorum pterocarpum 

(D.C.) 

25.50 10.23(38) 65.8 63.1(96) 6.27 6.10(97) 

 

2.44 2.52(103) 

5.  Holoptelea integrifolia (Roxb.) 83.97 40.81(49) 65.4 52.7(81) 6.81 6.42(94) 1.10 1.47(134) 

6.  Muntingia calabura L.Sp.Pl  53.01 41.89(79) 61.1 63.7(104) 7.02 7.26(103) 2.39 2.48(104) 

7.  Thespesia populnea (L.) Sol. Ex. 

Correa 

         

77.6 

38.21(49) 49.1 38.4(78) 6.73 6.38(95) 1.71 1.65(97) 

8.  Tectona grandis L.F. 72.08 49.42(69) 35.4 26.4(75) 7.48 7.34(98) 1.94 1.37(71) 

9.  Albizia lebbeck (L.) Benth 37.24 20.85(56) 69.0 60.9(88) 6.47 6.10(94) 1.18 0.59(50) 

10.  Plumeria alba L. 79.03 56.60(72) 47.6 31.7(67) 6.08 6.02(99) 1.37 0.49(36) 

11.  Millingtonia hortensis L. Sp.Pl 92.68 48.90(53) 49.2 57.2(116) 6.62 6.98(105) 1.23 1.31(108) 

12.  Alstonia scholaris (L.) 42.95 40.84(95) 70.5 60.3(86) 6.89 6.36(92) 2.13 2.71(127) 

13.  Delonix elata (L.) 57.36 64.94(113) 72.2 64.6(89) 6.60 6.14(93) 1.77 1.99(112) 

14.  Ficus benghalensis L. Sp.Pl 55.10 43.28(79) 28.1 34.7(123) 7.10 6.57(93) 1.68 2.26(135) 

15.  Spathodeacampanulata P. 

Beauv. Fl. 

29.44 47.88(163) 46.3 43.6(94) 6.61 6.20(94) 1.97 2.56(130) 

16.  Crataevareligiosa (Buch. Ham) 50.41 48.35(96) 63.5 57.6(91) 5.93 5.90(99) 1.78 2.01(113) 

17.  Mangiferaindica L.Sp.Pl 48.94 57.14(117) 66.5 75.8(114) 6.02 6.25(104) 1.78 1.79(101) 

18.  Pithecellobiumdulce (Roxb.) 

Benth 

27.27 38.42(141) 81.6 73.6(90) 6.63 6.42( 97) 1.04 1.23(118) 

19.  Psidiumguajava (L.) 30.53 43.89(144) 48.7 36.3(75) 6.32 6.25(99) 1.58 1.92(121) 

20.  Carica papaya L. Sp.Pl 37.46 93.01(248) 66.1 57.4(87) 6.52 6.07(93) 1.39 1.62(117) 

21.  Mimusops elengi L. Sp.Pl 44.76 49.19(110) 81.1 84.0(104) 6.18 6.34(103) 1.71 1.77(104) 

22.  Polyalthia longifolia Sonn. 63.6 77.7(122) 7.85 6.51(83) 7.19 6.84(95) 0.05 0.07(128) 

23.  Milletia pinnata (L.) 60.1 66.2(110) 9.47 9.10(96) 7.20 6.92(96) 0.14 0.15(106) 

24.  Delonix regia (Hook) 54.9 69.1(126) 0.02 0.01(50) 6.58 6.40(97) 0.04 0.06(150) 

25.  Azadirachta indica (A. Juss) 54.7 66.0(121) 10.70 7.44(70) 7.00 6.61(94) 0.14 0.15(112) 

26.  Nerium indicum L. 38.1 45.5(122) 0.03 0.01(33) 7.37 7.12(97) 0.04 0.05(140) 

27.  Samanea saman (Jacq.) Merr. J. 65.0 75.3(116) 0.08 0.02(25) 6.64 6.58(99) 0.11 0.12(160) 

28.  Ficus religiosa L. Sp.Pl 56.0 65.9(118) 0.04 0.01(25) 7.02 6.95(99) 0.11 0.13(113) 

29.  Senna siamea Lam 68.4 72.3(106) 10.54 9.60(91) 4.82 4.53(94) 0.04 0.05(118) 

30.  Tamarindus indica (L.) 67.3 70.4(105) 9.5 7.2(76) 7.08 7.01(99) 0.14 0.14(106) 
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chosen for the study, Terminalia catappa recorded maximum value of AAC, this indicates 

that it exhibits greater resistivity against air pollution when compared to the remaining trees 

(Table 2). 

 

 APTI values of plants belonging to CS and ES are depicted in Figs. 1(A) and 1(B) 

respectively. Determination of APTI of the chosen 30 trees revealed the fact that 60% of 

them in ES recorded higher APTI values compared to those in CS (Table 3). Similar result 

was documented by Rai et al. (2013). Further, it was also noted that 10 trees fall under the 

intermediate category and 20 trees belong to the sensitive category as far as APTI is 

concerned both in CS and   ES (Table 3). 

 

The correlation analysis showed that in the experimental site the AAC exhibited higher 

correlation with APTI. The next significant positive correlation of APTI occurs with TCH. 

Negative correlation exists between APTI with pH and RWC (Table 5). On the contrary, in 

the control site all the four biochemical parameters exhibited negative correlation with the 

dependent variable namely APTI (Table 4). 

 
Table 3: Assessment of Air Pollution Tolerance Index of some common avenue trees of Salem city, 

Tamil Nadu. 

No. Tree sample 
APTI Category 

C.S E.S C.S E.S 

1.  Tecoma stans (L) Juss. ex. Kunth 14 9(64) Sensitive Sensitive 

2.  Terminalia catappa L. Mant. PL 12 17(142) Sensitive Intermediate 

3.  Wrightia tinctoria R.Br. 18 14(78) Intermediate Sensitive 

4.  Peltophorum pterocarpum (D.C.) 20 18(90) Intermediate Intermediate 

5.  Holoptelea integrifolia (Roxb.) 16 13(81) Sensitive Sensitive 

6.  Muntingia calabura L.Sp.Pl  22 22(100) Intermediate Intermediate 

7.  Thespesia populnea (L.) Sol. Ex. Correa 17 11(65) Intermediate Sensitive 

8.  Tectona grandis L.F. 16 10(63) Sensitive Sensitive 

9.  Albizia lebbeck (L.) Benth 18 6(33) Intermediate Sensitive 

10.  Plumeria alba L. 15 7(47) Sensitive Sensitive 

11.  Millingtonia hortensis L. Sp.Pl 16 13(81) Sensitive Sensitive 

12.  Alstonia scholaris (L.) 21 22(105) Intermediate Intermediate 

13.  Delonix elata (L.) 20 21(105) Intermediate Intermediate 

14.  Ficus benghalensis L. Sp.Pl 11 14(127) Sensitive Sensitive 

15.  Spathodeacampanulata P. Beauv. Fl. 14 18(129) Sensitive Intermediate 

16.  Crataevareligiosa (Buch. Ham) 17 18(106) Intermediate Intermediate 

17.  Mangiferaindica L.Sp.Pl 18 20(111)       Intermediate Intermediate 

18.  Pithecellobiumdulce (Roxb.) Benth 12 14(117) Sensitive Sensitive 

19.  Psidiumguajava (L.) 12 13(108) Sensitive Sensitive 

20.  Carica papaya L. Sp.Pl 14 20(143) Sensitive Intermediate 

21.  Mimusops elengi L. Sp.Pl 19 21(111) Intermediate Intermediate 

22.  Polyalthia longifolia Sonn. 7 8(114) Sensitive Sensitive 

23.  Milletia pinnata (L.) 6 7(117) Sensitive Sensitive 

24.  Delonix regia (Hook) 6 7(117) Sensitive Sensitive 

25.  Azadirachta indica (A. Juss) 6 7(117)     Sensitive Sensitive 

26.  Nerium indicum L. 4 5(125) Sensitive Sensitive 

27.  Samanea saman (Jacq.) Merr. J. 7 8(114) Sensitive Sensitive 

28.  Ficus religiosa L. Sp.Pl 6 7(117) Sensitive Sensitive 

29.  Senna siamea Lam 7 7(100) Sensitive Sensitive 

30.  Tamarindus indica (L.) 7 7(100) Sensitive Sensitive 

Values inside parenthesis denote percent over control. C.S – Control site and   E.S- Experimental Site 
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Table 4: Results of correlation analysis (Control Site). 

Variables APTI Ascorbic acid Chlorophyll pH RWC 

APTI 1.000         

Ascorbic acid -0.199 1.000       

Chlorophyll -0.028 -0.309 1.000     

PH -0.192 0.735 -0.081 1.000   

RWC -0.029 0.850 -0.190 0.910 1.000 

 

Table 5: Results of Correlation Analysis (Experimental Site). 

Variables APTI Ascorbic acid Chlorophyll pH RWC 

APTI 1.000     

Ascorbic acid 0.861 1.000    

Chlorophyll 0.799 0.742 1.000   

PH -0.031 -0.008 -0.204 1.000  

RWC -0.209 -0.565 -0.488 0.122 1.000 

 

The regression analysis results depicted in Table 6 shows that a unit increase in AAC 

resulted in 6.06 and 5.07 unit enhancement of   APTI in the control and in the polluted sites, 

respectively. Further the t-statistic value in the regression analysis proves that this coefficient 

is significant. Similarly it was also noted that a unit enhancement in TCH resulted in a very 

small enhancement of 0.17 in APTI both in the control and the polluted sites. Therefore, the 

statistical analysis clearly indicates that biochemical parameters, namely AAC and TCH, 

have significant coefficients according to the regression result. The significance of AAC and 

TCH is further justified with the higher R2 values as given in Table 7. 
 

Table 6: Results of Regression Analysis. 

Independent 

Variable 

Experimental Site Control Site 

Coefficient t-stat P-value Coefficient t-stat P-value 

Ascorbic Acid 5.07 8.96 0.00 6.06 11.59 0.00 

PH -0.31 -0.17 0.87 -1.92 -1.02 0.31 

Chlorophyll 0.17 7.03 0.00 0.17 8.53 0.00 

RWC -0.06 -1.13 0.27 -0.01 -0.15 0.88 

 

Table 7: R-Square values of the models for APTI. 

 

 The residual analysis for the experimental site and control sites (Figs. 2A and 2B) 

reveals that all the error statistics like root mean square error, mean absolute error and mean 

absolute percentage error are very small in the case of AAC and hence, AAC of leaf samples 

is the most significant factor in deciding the APTI value. This means that higher the AAC 

content of leaf samples, greater is the APTI. For TCH, the residual statistics are lower than 

the corresponding values for AAC. Based on this residual analysis, it is concluded that the 

AAC emerges as the most important factor for APTI, while TCH is the next decisive factor 

for APTI. 

Independent Variable Control Site Experimental Site 

Ascorbic Acid 0.91 0.86 

PH 0.19 0.03 

Chlorophyll 0.85 0.8 

RWC 0.03 0.21 
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Fig. 1: APTI value of plants present in: (A) Control site; (B) Experimental site. 
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Fig. 2: Residual Analysis of the regression models for APTI: (A) Experimental site; (B) Control site. 

 

 

DISCUSSION 

 

 Trees are designated as natural treasures of urban areas because of their enormous 

benefits and the ecosystem services rendered by them for the wellbeing of city dwellers 

(Willis and Petrokofsky, 2017). The literature survey reveals the fact that city trees take up 

substantial amount of carbon dioxide, cause local cooling, ameliorate the UHI (Urbanheat 

Island) effect and reduce air pollution.  Moreover, vegetation acts as a ‘bio filter’, in 

eliminating particulate matter from the air by capturing airborne particles or the intake of 

gaseous air pollutants through stomata. It was also observed that this attribute of tree acting 

as natural filter greatly depends on the foliage cover, physical shape, deciduousness and 

height (Lakshmikanta Panda et al., 2018). It was found that shorter trees remove particulate   

matter more effectively than tall trees (Singh, 2018). 

 

 In recent years, air pollution in cities has emerged as a serious environmental problem 

around globe (Kaushik et al., 2006). Air, which is the most necessary element for sustaining 

life has become heavily polluted due to the rapid growth of industries and urbanization. 
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Today,  urban areas in the world have been loaded with heavy concentration of air pollutants 

disseminating from various sources like traffic, power generation, residential heating and 

industry in adjoining areas (Lopez, et al., 2005). The plants being continuously subjected to 

the environment absorb, accumulate and integrate pollutants falling on their foliar surfaces. 

As a result, they exhibit visible or subtle change depending on their sensitivity level. 

According to 2010 and 2013 Global Burden of Diseases (GBD), air pollution is ranked in the 

top 10 causes of death in the world. Specifically, Asia is under the highest threat due to air 

pollution. So, it is the right time to take appropriate measures to mitigate air pollution. Green 

technology has been identified as the apt tool to monitor and control air pollution (Das et al., 

2018). 

 

APTI is one of the green – technology- based tool used for identifying and analyzing the air 

pollution status in a particular area.  APTI is calculated using four biochemical parameters, 

namely RWC, pH, TCH and AAC level of leaf samples (Mahecha et al., 2013). The 

identification and categorization of plants into susceptible and resistant groups, in terms of 

APTI, is crucial because the former indicates the presence of air pollutants and the latter 

serves as reservoir for air pollutants in urban and industrial habitats (Sirajuddin and 

Ravichandran, 2010). 

 

For the current study, thirty avenue trees were chosen because of their availability in 

both the control (CS) and experimental sites (ES) (Table 1). Fresh leaf samples from each 

plant were selected from the experimental site (ES) namely Maravaneri area where there is 

heavy vehicular traffic. Similar set of leaf samples were collected inside college campus ( 

Government Arts College , Salem – 7)  and this site served as control site (CS) because the 

trees here are not or less polluted by air pollutants. 

 

 The relative amount of water present in the plant tissues reflects its water status and it 

is determined by calculating the RWC. This is the water present in leaf relative to its full 

turgidity. The leaf water status is intricately related to several physiological factors such as 

leaf turgor, stomatal conductance, transpiration, photosynthesis and respiration. 

 

 In the present study, the relative water content of leaves in the majority of trees from 

the polluted area was found to be greater than that in the control plants. This indicates that 

RWC plays a considerable defensive role in maintaining a physiological balance within 

plants when they are exposed to air pollution stress and when the transpiration rates are 

usually high, a fact that may lead to desiccation. Therefore, maintenance of RWC in the plant 

may decide its relative tolerance towards air pollution. The higher the RWC in a particular 

species, the greater is its drought tolerance capacity. Thus, comparatively higher RWC in the 

experimental site may be responsible for normal functioning of biological process in plants 

(Meerabai et al., 2012). 

 

 Among the 30 trees analyzed for relative water content, Wrightia tinctoria and Carica 

papaya recorded maximum level in the control and experimental sites, respectively, whereas 

Peltophorum pterocarpum was found to contain least RWC in both sites. Percent over control 

value analysis revealed Carica papaya to record a maximum value when compared to other 

plants. This indicates that Carica papaya possesses relative tolerance towards air pollution 

when compared to other plants as far as RWC is concerned. This result is in accordance with 

that of Krishnaveni and Kiran Kumar (2017). 
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 The pH of leaf samples reflects its sensitivity towards air pollution (Scholz and Reck, 

1977). A decreased pH of leaf extracts was recorded for almost all trees chosen for analysis 

in the experimental site when compared to the control site (Table 3). Except Senna siamea, 

all the other trees exhibited a pH large around 7.0. The leaf extracts of Senna siamea in both 

sites, registered a pH range around 5.0. This pH value may be due to the presence of SOx, 

NOx or other acidic pollutants in the experimental site (Swami et al., 2004). This shift in 

cell’s pH toward acidic range in presence of acidic pollutants might decrease the efficiency of 

conversion of hexose sugar to ascorbic acid. However, the reduction activity of AAC is pH 

dependent being more at higher pH and lesser at lower pH. Therefore, increased levels of pH 

noted in leaf extracts give resistance to plants against pollution (Bakiyaraj and Ayyappan, 

2014). 

 

Air pollution results in dust accumulation on the surface of leaves, which prevents the 

light availability for photosynthesis, blocks stomatal pores and controls diffusion of air, 

thereby imposing stress on plant metabolism. The TCH of a plant not only indicates its 

photosynthetic efficiency, but also governs the overall growth, biomass accumulation and 

health of a plant (Deepika and Haritash, 2016). Determination of the TCH of leaf samples 

reveals that the leaves exposed to air pollution have lesser level of TCH than those in the 

control site. This considerable reduction in TCH of the leaves subjected to air pollution stress 

augments the fact that chloroplast is the foremost site affected by air pollutants. 

 

 Analysis of percent over control value indicated that trees such as Samanea saman 

(25), Ficus religiosa (25) and Nerium indicum (33) were highly prone to air pollution as they 

recorded only minimum level of TCH. Percent over control value analysis   revealed that 

Ficus benghalensis (123) recorded a maximum value of TCH when compared to other plants. 

The reason could be the maximum dust capturing ability of leaves of Ficus benghalensis 

owing to their latex secretion and moist leaf surface (ENVIS Newsletter on State of 

Environment, 2019). Moreover, the TCH of leaf samples was found to differ from one tree 

species to other depending upon the age of leaf and pollution load (Katiyar and Dubey, 

2001).  Ascorbic acid is considered as an antioxidant found in high amounts in plant parts and 

is responsible for resistance to adverse environmental condition including air pollution (Lima 

et al., 2000). It is a water soluble component associated with chloroplast and plays a crucial 

role in ameliorating the oxidative stress of photosynthesis.  

 

 Determination of the AAC content of leaf samples revealed that its content is 

comparatively greater in the polluted site than in the control one. This result is in accordance 

with the findings of Rai et al. (2013). This enhancement of AAC in the leaves exposed to air 

pollution suggests that they are tolerant to air pollutants and it indicates the defence 

mechanism prevailing in those plants (Cheng et al., 2007). Analysis of the data on percent 

over control value indicate that, among the 30 trees chosen for the study, Terminalia catappa 

(491) recorded maximum value and this species is more tolerant to air pollution than the 

other plants particularly to SO2,  whereas Plumeria alba recorded a least value of AAC. AAC 

is an important reducing agent, which facilitates conversion of SO2 to sulphate (SO3). Thus, a 

higher concentration of ascorbic acid in plants is an indicator of exposure to higher 

concentration of SO2 and higher tolerance of the plant. It also helps   protect thylakoid 

structure and chlorophyll from reactive oxygen species (ROS) formed in the plant during 

water- stress condition. It was also noted that relatively good levels of AAC may be the 

reason for higher APTI   value, and tolerant behaviour of most species (Deepika and 

Haritash, 2016). 
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 APTI is an index to represent the tolerant or sensitive nature of plants based on its 

biochemical response to air pollution. The determination of APTI for the chosen 30 trees 

revealed the fact that 60% of them in the experimental site recorded higher APTI values 

compared to those in the control site. Similar result was documented by Nwadinigwe (2014). 

The reason for an increased APTI value in ES may be the constant exposure of these tree 

species to emission of gaseous and particulate matter from automobiles (Rai et al., 2013). 

Vehicles are one of the main causes of air pollution. It is estimated that 60% of air pollution 

in metropolitan cities is caused by automobiles only. Vehicles release particulate matter 

(PM), hydrocarbons (HC), nitrogen oxides (NOx) and toxic greenhouse gases in the air (Mate 

and Deshmukh, 2015). The effects of air pollution on plants are seasonal (Bhattacharya et al., 

2013) and these trees may serve as bio-indicators of urban air quality (Dhanamet al., 2014). 

 

 The remaining 40% of trees in the control site recorded higher APTI values compared 

to those in the experimental site. Similar result was obtained by Deepalakshmi et al. (2013) 

and Balasubramanaian et al. (2018). It was interesting to note that 10 trees were found to be 

intermediate and 20 trees belong to the sensitive category as far as APTI is concerned in both 

sites. The different values of APTI found in tree leaves can be due to the variation in any of 

the four parameters, which control the computation of APTI (Lohe et al., 2015). This study 

clearly indicates that the APTI index, which is based on 4 biochemical parameters, serves as 

a reliable tool to assess the impact of air pollutants on trees. The observation of this study 

clearly brings out the potentiality of plants to serve as an excellent qualitative and 

quantitative index of pollution. The present research also indicates that APTI determinations 

are meaningful because there is a gradual increase of deforestation threat owing to air 

pollution from increased vehicular traffic and industrialization. Therefore, the results of such 

research are appropriate for future planning and may be helpful in adopting control measures. 

The study further suggests that plants having higher APTI, i.e. increased resistance to air 

pollution, need to be identified and should be given priority for plantation in urbanized and 

industrialized areas so as to minimize the detrimental effects of air pollution and make 

ambient atmosphere cleaner and healthier. 

 

Statistical interpretation 

 

 The determination of correlation analysis showed that in the experimental site the 

AAC and TCH exhibited positive correlation with APTI, whereas pH and RWC exhibited a 

negative one.  In the control site, all four biochemical parameters, namely RWC, pH, AAC 

and TCH, exhibited negative correlation with APTI. Different results were obtained by 

various workers in this regard. Tak and Kakde (2017) observed positive correlation of all 

parameters with APTI except for TCH both in control and experimental sites, Joshi et al. 

(2016) reported APTI to exhibit higher positive correlation with AAC and RWC, whereas 

APTI showed lower correlation with pH and chlorophyll.  

 

The regression analysis results (Table 6) showed that a unit increase in AAC resulted in 

6.06 and 5.07 unit enhancement of   APTI in the control and the experimental sites, 

respectively. Further the t-statistic value in the regression analysis proved that this coefficient 

is significant. Similarly it was also noted that a unit enhancement in TCH resulted in a very 

little enhancement of 0.17 in APTI in both sites. Therefore, the statistical analysis clearly 

indicated that the biochemical parameters, namely AAC and TCH, have significant 

correlation. The significance of AAC and TCH, is further justified with the higher R2 values 

(Table 7). 
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 The residual analysis in the experimental and control sites (Figs. 2A and 2B) revealed 

that all the error statistics (root mean square error, mean absolute error, mean absolute 

percentage error) are very low in the case of AAC and, hence, AAC is the most significant 

factor in obtaining the APTI value. For TCH, the residual statistics are lower than the 

corresponding values for AAC. Based on this residual analysis, it is concluded that the AAC 

emerges as the most important factor for APTI while TCH is the next important factor for 

APTI. 

 

CONCLUSION 

 

 In the present investigation, an analysis of APTI   revealed that among 30 trees chosen 

for the study, 60 % of them present in the experimental site recorded higher APTI values 

compared to those in the control site.  Further, it was also noted that 10 trees fall under the 

intermediate category and 20 trees to the sensitive category as far as APTI is concerned in 

both sites. So, among the chosen common avenue trees of Salem city, Tamil Nadu, no 

tolerant species of trees was noted. This indicates that air pollution is at alarming level inside 

city premises. Therefore, the present study strongly recommends the exploration of   tolerant 

local and exotic   species of trees for controlling air-borne pollution in the urban climate of 

Salem. They should be given priority to be planted as avenue trees to make the atmosphere of 

the city conducive for living beings. Moreover, tolerant trees can be integrated in green belt 

component as they act as reservoir for air pollutants whereas sensitive plant species serve as 

indicators of air pollution. Thus, this study provides a clear and meaningful perception that 

though the role of urban trees in enhancing the quality of air by removing pollutants is 

insignificant it could be improved by increasing urban tree canopy cover by a greenbelt 

development in urban areas. 
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