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Abstract Air pollution is one of the major global tribulations in many 

developing cities around the world. This study evaluates pollution 

resistance of Terminalia catappa, Anacardium occidentale and Tectona 

grandis growing around a metal scrap-recycling factory in Osun state, 

Nigeria using air pollution tolerance index (APTI) and anticipated 

performance index (API) with the view of recommending the species for 

greenbelt development in urban spaces. Biochemical parameters such as 
ascorbic acid, total chlorophyll content, foliar extract pH and relative 

water content were analyzed in fresh leaves harvested from the tree 

species growing around the metal-scrap recycling factory (ES) and a 

relatively unpolluted control site (CS). APTI and API were obtained 

from the results of biochemical variables. The results showed that 

biochemical parameters (ascorbic acid, total chlorophyll, foliar extract 

pH and relative water content) and APTI varied significantly (p<0.05) 

among tree species and between the sites. The order of APTI varied as 

T. catappa (15.66) > A. occidentale (13.53) > T. grandis (13.17) with 

plants having a higher index at CS than at ES. All three-tree species 

showed intermediate tolerance but T. catappa and A. occidentale were 
assessed as good performers while T. grandis performed moderately in 

polluted sites. The study recommended T. catappa and A. occidentale 

over T. grandis for use in developing greenbelts in urban centres 

especially in highly polluted areas, such as the vicinity of factories. 

Keywords: Atmospheric pollution, green belt development, pollution 

monitoring, tolerance. 

1.  Introduction 
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Pollution, especially atmospheric pollution, is one of the major problems 
arising from human population explosion and industrialization (Odilora et al. 

2006). It is true that industrialization improves the wealth of nations, but the 

degradation of environmental quality via pollution is a cause for concern. 
Most developing countries, especially those in sub-Saharan Africa, depend 

mainly on revenues from industries (Omoju 2014), hence their proliferation is 

considered a huge gain. In Nigeria for example, metal scrap-recycling is fast 

becoming a major activity due to increasing per capita consumption of steel 
and shortage of iron ore in the country. This has led to the proliferation of 

metal recycling factories in urban centres and suburbs, where waste and 

scavenged metals are rolled to steel (Ohamain 2013). These factories are 
becoming a cause for concern as their operations release toxic gases (such as 

sulphur and nitrogen oxides, carbon monoxide) and particles (such as sooth, 

metal particles and organic molecules) into the atmosphere.  

Air pollutants represent a complex mixture of organic and inorganic 
substances of varying states and sizes that can enter tissues of living 

organisms in a number of ways (Thakar and Mishra 2010). Many plants are 

very sensitive to air pollutants which can damage their leaves, impair plant 
growth and limit primary productivity (Agrawal 1985, 2005, Thakar and 

Mishra 2010). Much experimental work has been conducted on the analysis of 

air pollutants effects on crops and vegetation at various levels ranging from 
biochemical to ecosystems levels (Hill 1971, Cavanagh et al. 2009, Gupta et 

al. 2011). Often times, plants exposed to pollutants experience changes in 

their biochemical functioning (such as those of ascorbic acid, chlorophyll and 

relative water contents) even before visible damage to leaves can be noticed 
(Liu and Ding 2008). These changes in plants serve as the basis for pollution 

monitoring (Prusty et al. 2005). Bio-monitoring of air pollution has been 

found to be extremely useful in detecting the kind and level of pollutants in 
the air with or without measurements (Prusty et al. 2005). Studies on air 

pollution impacts on vegetation have shown that it alters ascorbic acid content 

(Hoque et al. 2007) chlorophyll content (Flowers et al. 2007), leaf extract pH 
(Klumpp et al. 2000) and relative water content (Rao 1977).  

These parameters separately produced conflicting results for same plant 

species (Han et al. 1995). However, the air pollution tolerance index (APTI) 

based on all four parameters has been used for identifying tolerance levels of 
plant species (Singh et al. 1991, Singh and Rao 1993, Liu and Ding 2008, 

Ogunkunle et al. 2015). Air Pollution Tolerance Index (APTI) is an inherent 

quality of plants to encounter air pollution stress which at present is a prime 
concern, particularly, in urban and industrial areas. The non-mobile 

(stationary) nature of plant species exposes them continuously to point source 

pollution. This makes air pollution impact on plants to be proportional to the 

intensity of pollution in the environment. APTI is a species-dependent 
attribute and expresses the inherent ability of a plant species to withstand 

stress emanating from pollution (Lohe et al. 2015). It also informs the public 
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of the local ambient air pollution status and the potential risk it would impose, 
particularly on vulnerable groups such as children, old people and those with 

existing cardiovascular and respiratory diseases (Rajamanickam and Nagan 

2018). Categorization of plants as sensitive or tolerant is determined by the 
level of biochemical parameters used to compute the APTI for a species.  

Tolerant plant species are sinks and living filters minimizing air pollution 

impact by absorption, adsorption, detoxification, accumulation, and/ or 

metabolization without sustaining serious foliar damage or decline in growth 
in the face of pollution (Mondal et al. 2011). APTI determination thus 

provides a reliable method for screening a large number of plants with respect 

to their resistance and susceptibility to air pollutants. This study assesses air 
pollution resistance of Indian Almond (Terminalia catappa), Cashew 

(Anacardium occidentale) and Teak (Tectona grandis) growing around a 

metal scrap-recycling factory in Osun state, south-west Nigeria using their 

APTI and API with the view of recommending the species for greenbelt 
development in urban spaces. 

2 Material and Methods  

2.1 Study area 

The study was carried out in March, 2017 on tree stands growing around 
Prism Steel Rolling Mill, a metal scrap-recycling factory located on latitude 

N07°52'42.6" and longitude E004°39'12.0" (Figure 1). The factory is situated 

along Ikirun-Osogbo expressway, Ikirun, Osun state. The factory became 

fully operational in 2012, and has since been recycling metal scraps into iron 
rods of 8, 12, 16, 20 and 32 mm in diameter of standard lengths. The scrap 

metals are conveyed to the factory from different parts of the country by 

heavy duty trailers. The pollution from metal smelting activities and those 
from exhaust fumes of trailers moving in and out of the factory make the 

study important. The prevailing climate in the site is distinctively tropical with 

annual rainfall of about 1400 mm and daily air temperature ranging from 

23°C to 33°C. The relative humidity is about 55% during the dry season and 
about 90% during the rainy season. 

The study locations were classified into two zones: (a) the experimental 

site (ES) and (b) the control site (CS) which is an agricultural land about 30 
km away from the experimental site (Figure 1). 

2.2 Sample collection 

Three tree species (Terminalia catappa L., Tectona grandis L.f. and 

Anacardium occidentale L.) established around the perimeter fencing of the 
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experimental site and also found in the control site were used for the study. 
Tree stand selected for the study were less than 5 years old, and possess 

diameter of greater than 10 cm at breast height.  

 

 

Fig. 1. Maps of Nigeria and Osun state showing the location of the experimental 

and control sites. 

 

Matured fresh leaf samples (~ 1 kg each) were collected in the morning from 
five selected stands of each tree species in the experimental site and control 

site. The leaf samples were immediately transferred to the laboratory for 

determination of the ascorbic acid, total chlorophyll content, leaf extract pH 
and relative water content (RWC).  

Ascorbic acid (AA) content of leaves was determined using the 

spectrophotometric method (Begum and Harikrishna 2010). Total chlorophyll 

content was determined by the spectrophotometric method described by 
Arnon (1949). Leaf extract pH was determined using 2.5 g fresh leaf sample 

homogenized in 10 ml distilled water using warring blender and read using a 

pre-calibrated digital pH meter (Orion Star Benchtop, Thermoscientific).  
Relative water content (% RWC) of leaves was determined using the 

method of Liu and Ding (2008). APTI was determined according to the 

method proposed by Singh and Rao (1983). Tree species were classified as 
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sensitive, intermediate or tolerant based on APTI class proposed by 
Padmavathi et al. (2013). 

2.3 Data analysis 

Two-way analysis of variance (ANOVA) was used to compare biochemical 
parameters and APTI for three tree species in the experimental site (ES) and 

control site (CS). Significant means were separated using Fisher’s protected 

LSD at α level of 0.05 using SAS software 9.1.3 for Windows. 

2.4 Determination of anticipated performance index 

Average APTI values with relevant biological characters (including plant type 

and habit, canopy structure, laminar size, texture and hardiness) and socio-
economic character (economic value) grading (using + or -) were combined to 

obtain the anticipated performance index (API) for the tree species. Allotted 

points were scaled for grading based using the method of Prajapati and 
Tripathi (2008) as adopted by Ogunkunle et al. (2015). 

3.  Results & Discussion 

3.1 Effect of air pollution on ascorbic acid 

Ascorbic acid is an antioxidant found in all growing plants. It positively 

influences resistance to environmental stresses including air pollution (Lima 
and Fernandez 2000, Mondal et al. 2011). The concentration of foliar ascorbic 

acid in the leaves varied significantly with tree species (F2, 24= 285.74; P< 

0.01) and site (F1, 24= 5.79; P= 0.02). Terminalia catappa showed the highest 

concentration at ES (2.47 mg/g) and CS (2.44 mg/g), while Tectona grandis 
showed the lowest concentration of 1.86 mg/g and 1.76 mg/g respectively 

(Fig. 2a). The variation in foliar ascorbic acid concentrations among the trees 

species reflects species specificity to air pollution. There was no significant 
interaction between tree species and site (F2, 24= 1.02; P= 0.38) for foliar 

ascorbic acid concentration (Table 1a). There was significant variation in the 

concentrations of ascorbic acid in Tectona grandis at ES and CS (Fig. 2a). 
This result is consistent with the findings of Ogunkunle et al. (2015) who also 

reported increases in AA in polluted areas. Increases in ascorbic acid in plants 

in polluted areas (such as around the metal recycling factory in this study) has 

been speculated to be favoured by increasing production of reactive oxygen 
species (ROS) (Mondal et al. 2011). Researchers are of the opinion that 

higher ascorbic acid content signals plant species tolerance against air 
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pollution, especially exposure to sulphur dioxide (Varshney and Varshney 
1984, Singare and Talpade 2012). 

 

 

 

 

 

 

 

 

 

Fig 2. Ascorbic acid (a), total chlorophyll (b), leaf extract pH (c), and (d) relative 

water content of tree species around metal recycling factory and control site. 

Bars represent mean ± standard deviations for n = 15. 

3.2 Effect of air pollution on total chlorophyll 

Total chlorophyll concentration was significantly different between tree 

species (F2, 24 = 101.98; P< 0.01) and site (F1, 24 = 70.48; P< 0.01). There was 

also significant interaction between tree species and site (F2, 24 = 11.98; P< 
0.01) (Table 1a) indicating that site condition affected the tree species 

differently. Tree species in CS had higher total chlorophyll than those at ES, 

except for Anacardium occidentale. Tectona grandis in CS had the highest 
concentration of total chlorophyll (42.51 mg/g) while T. catappa at ES had the 

lowest (19.30 mg/g) (Figure 2b). The higher chlorophyll content is the control 

site is consistent with the result of Gholami, et al. (2016) for tree species 

around polluted areas in Iran. Reduction in total chlorophyll concentrations in 
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tree species growing around the factory supports the argument that chloroplast 
is the primary site of attack by air pollutants leading to the increase in 

chlorophyllase activity and resultant degradation of chlorophyll (Ninave, et al. 

2001, Tripathi and Gautam 2007). 
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Table 1a: F-statistics for biochemical parameters and ATPI of tree species in experimental site (around metal scrap recycling factory) and control site. 

 

Source of 

variation 

 Ascorbic acid Total Chlorophyll pH RWC APTI 

df F P-value F P-value F P-value F P-value F P-value 

Species 2 285.74 <0.0001 101.98 <0.0001 16677.90 0.0002 536.01 <0.0001 97.88 <0.0001 

Site 1 5.79 0.0242 70.48 <0.0001 18.87 <0.0001 17.82 0.0003 45.69 <0.0001 

Site× species 2 1.02 0.3774 11.91 0.0003 1.18 0.3232 2.02 0.1552 14.34 <0.0001 

Error 24           

df = degrees of freedom. F = F-ratio (Fisher’s ratio); RWC = Relative water content; APTI = air pollution tolerance index. 

 

Table 1b: Means of biochemical parameters and ATPI of tree species in experimental site (around metal scrap recycling factory) and control site. 

Factor  Ascorbic acid Total 

chlorophyll 

Leaf extract pH Relative water 

content 

ATPI 

Species 
Terminalia 

catappa 
2.46a 24.51b 4.855b 84.56a 15.66a 

 Anacardium 

occidentale 

2.34b 23.58b 3.637c 71.78b 13.53b 

 Tectona grandis 1.81c 37.31a 5.456a 54.79c 13.17c 

 LSD0.05 0.0486 2.2189 0.0209 1.8829 0.3958 

       

Site CS 2.17b 32.15a 4.67a 68.81b 14.65a 
 ES 2.23a 24.78b 4.63b 71.95a 13.59b 

 LSD0.05 0.0595 1.8117 0.0171 1.5374 0.3231 

Means with different superscripted letter are significantly different at P<0.05. 
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Table 2: Air pollution tolerance index (APTI) and class for tree species growing around a metal recycling factory (ES)  
and control site (CS). 

Tree species CS ES Average  APTI class 

Terminalia catappa 16.72±0.45a† 14.59±0.37a 15.66 Intermediate 

Anacardium occidentale 13.58±0.41b† 13.49±0.32b 13.53 Intermediate 

Tectona grandis 13.65±0.65b† 12.70±0.27c 13.17 Intermediate 

Mean ± SD with the same letter down a column are not significantly different at P>0.05. 
† 
indicate significantly higher  

APTI value between the sites (CS and ES). 

 

Table 3: Anticipated performance index (API) grade and assessment for tree species around metal and steel recycling factory. 

Tree species APTI 
Tree 

habit 

Canopy 

structure 

Type 

of 

plant 

Laminar structure 
Economic 

value 

Total 

+ 

% 

Score 
API 

     Size Texture Hardiness    Grade Assessment 

Terminalia 

catappa 
+++ ++ ++ - + + + + 11 68.75 4 Good 

Anacardium 

occidentale 
++ + ++ + + + + ++ 11 68.75 4 Good 

Tectona grandis ++ ++ + - ++ + - + 9 56.25 3 Moderate 

APTI = air pollution tolerance index. 
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3.3 Effect of air pollution on leaf extract pH 

Leaf extract pH varied significantly among the tree species (F2, 24= 16677.90; 
P< 0.01) and sites (F1, 24= 18.87; P< 0.0001). There was no significant 

interaction between tree species and site (F2, 24= 1.18; P= 0.32) for leaf extract 

pH (Table 1a). Plants at ES showed significantly lower leaf pH than in CS 

(Table 1b). Tectona grandis at CS showed the highest pH (5.47) while A. 
occidentale at ES showed the least (3.62). Terminalia catappa showed the 

highest reduction in pH (4.88 to 4.83) (Fig. 2c). Lower leaf extract pH in 

plants at ES may be due to the presence of acidic pollutants such as SO2 and 
NOx in air vicinity of the factory. Scholz and Reck (1977) and Escobedo, et 

al. (2008) also reported that acidic pollutants have the potentials to lower leaf 

extract pH. Pollutants such as SO2 and NOx diffuse through leaf openings 
(stomata) and react with cellular water to form acid radicals in leaf matrix 

(Mondal et al. 2011). 

 

3.4 Effect of air pollution on relative water content 

Relative water content (RWC) was significantly different among the tree 

species (F2, 24 = 52.64; P< 0.01) and site (F1, 24 = 17.82; P< 0.01) (Table 1a). 

The decreasing order of RWC was T. catappa> A. occidentale> T. grandis 
and was consistent for ES and CS (Fig. 2d). RWC ranges were 50.40% - 

84.05% at CS and 56.06% - 87.90% at ES. Generally, plants at ES showed 

higher RWC than those at CS (Fig. 2d). RWC is associated with protoplasmic 

permeability in cells which causes loss of water and dissolved nutrients, 
resulting in early senescence of leaves (Masuch et al. 1988). More water in a 

leaf will help to maintain its physiological balance under stress condition of 

air pollution (Dedio 1975). Therefore the plants with high relative water 
content such as T. catappa under polluted conditions may be tolerant to 

pollutants. 

3.5 Air pollution tolerance index of the tree species 

 Air pollution tolerance index (APTI) varied significantly with tree species 

(F2, 24 = 97.88; P< 0.01) and site (F1, 24 = 45.69; P< 0.01). There was also 

significant interaction of site with species for APTI (F2, 24 = 14.34; P< 0.01) 
(Table 1a) indicating the environmental condition at the site had varying 

influence on the tree species. Decreasing order of APTI was T. catappa 

(15.66) > A. occidentale (13.53) > T. grandis (13.17). Species at CS had 
higher APTI values than those at ES (Table 1b and Table 2). According to the 

APTI classification, all tree species studied showed intermediate tolerance to 

pollution (Table 2). The APTI values in this study exceeded those reported by 
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Ogunrotimi, et al. (2017); T. catappa (12.5), A. occidentale (10.7) T. grandis 
(12.1) in polluted urban areas of Ile-Ife, Osun state. Tak and Kakde, (2017) 

also reported lower APTI values for similar species in urban centres of India. 

Contrarily, Thakar and Mishra, (2010) reported higher APTI values than in 
the current study for A. occidentale (22.17) and T. grandis (20.97) growing 

around an Aluminium factory in Jharsuguda, India. Nayak, et al. (2015) also 

confirmed that Tectona grandis and Terminalia catappa showed intermediate 

sensitivity in polluted sites. Since species tolerance to pollution is best 
explained by their APTI value, it can be deduced that Terminalia catappa is 

most tolerant while Tectona grandis is least tolerant. 

4 Conclusions 

This study showed that assessment of tree species tolerance against air 

pollution using individual biochemical parameter (such as ascorbic acid, total 
chlorophyll, leaf extract pH or relative water content) alone may be 

misleading. For instance, Tectona grandis which showed the highest foliar pH 

and total chlorophyll concentration showed the least tolerance to air pollution 
(APTI). Based on the API assessment, T. catappa and Anarcadium 

occidentale are recommended to be used for greenbelt in polluted 

environments, such as vicinity of factories, as they proved to be good 
performers as opposed to Tectona grandis that performed only moderately.  
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