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ABSTRACT: Vegetation in most cities has been exposed to a variety of pollution arising from increased traffic, 

population, industrial activities and increased human population. Air pollution is a significant environmental issue 

that affects human well-being. This problem is particularly acute in some areas of the Owerri metropolis. This study 

aims to assess the biochemical parameters (total chlorophyll, ascorbic acid, pH and relative water content) and air 

pollution tolerance index (APTI). Four dominant tree species (Elaeis guineensis (oil palm), Casuarina equisetifolia 

(whistling pine), Acacia auriculiformis (earpod), and Polyalthia longifolia (false asoke)) along selected major 

roadsides in Owerri Municipal, Imo state, Nigeria were purposively sampled. The tree species were collected through 

purposive sampling of major roads with high traffic. The dominant tree species' leaf samples were located, gathered, 

and transported to the lab for biochemical evaluation. Moisture content, pi ascorbic acid content, chlorophyll content, 

and APTI are among the parameters that were examined. From the results, Elaeis guineensis had the highest moisture 

content (73.3%), followed by Acacia auriculiformis (62.8%) and Casuarina equisetifolia (64.5%). The highest APTI 

was found in Elaeis guineensis (16.4), indicating its superior tolerance to air pollution. Elaeis guineensis showed the 

highest values for chlorophyll (25.3) and ascorbic acid content (2.9), while Acacia auriculiformis recorded the highest 

pH value (6.0). Statistically significant differences (p-value = 0.000) were observed across all biochemical parameters, 

with Elaeis guineensis emerging as the most suitable tree species for arboricultural and air quality improvement 

purposes in the study area. 
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INTRODUCTION 

Different physical and chemical methods have been 

considered and employed to help ameliorate air 

quality, however, this has been continuously 

challenged by the exorbitant costs of setting up and 

maintaining these systems. While the biological 

method, commonly known as greening projects in 

urban areas, mitigates the effects of air pollution (Baro 

et al., 2015), as plants play an important role in the 

ecological balance, particularly in the cycling of 

nutrients and exchange of gases (Cieslik et al., 2009). 

Plants provide innumerable benefits to mankind, such 

as provision of shade, aesthetics, habitats and acting as 

scavengers of air pollutants. Also, absorbing 

pollutants and regulating the urban atmospheric 

environment (Sia Su et al., 2018).  

The response of plants to air pollution can be 

determined by measuring the air pollution tolerance 

index (APTI) (Esfahani et al., 2013). APTI is an index 

used for biological monitoring and assessing bio-

indicator species (Abdu et al., 2024). It is a process 

that assesses the response of plants' biochemical and 

physiological systems (Rasool et al., 2025). Also, it 

describes the inherent quality of plants to tolerate air 

pollution (Shrestha et al., 2021). APTI is based on four 

biochemical parameters (chlorophyll content, leaf 

extract pH, relative water content and ascorbic acid) in 

leaf samples (Lohe et al., 2015). APTI determination 

provides a reliable method for screening large 

numbers of plants for susceptibility to air pollution 

(Lohe et al., 2015).  

Air pollution is one of the environmental issues that 

cannot be ignored, and inhaling pollutants for a long 

time causes damage to human health (Xu et al., 2022). 

Air pollution has become a serious environmental 

stress to man, plants and their environment due to the 

increase in industrialization and urbanization during 

the last few decades (Manisalidis et al., 2020). Air 

pollution remains a major problem that affects the 

well-being of people. The particulate and gaseous 

pollutants, alone and in combination, cause serious 

setbacks to the overall physiology of plants and human 

health (Das and Prasad, 2012). Vegetation in most 

cities has been exposed to a variety of pollution due to 

increased traffic, population, industrial activities and 

increased human population.  

One of the most pressing concerns is the high volume 

of vehicular traffic, which serves as a major 
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contributor to greenhouse gas emissions, primarily 

carbon dioxide (CO₂) and methane, in the Owerri 

metropolis. These emissions not only degrade air 

quality but also heighten the area’s vulnerability to the 

adverse effects of climate change. The environmental 

challenges confronting Owerri Municipal are 

increasingly pronounced, particularly in certain areas 

of the metropolis.  

Owerri is facing a lot of environmental issues, 

especially air and water pollution, alongside 

inadequate waste management systems. Air pollution 

is a critical concern in the city, arising from multiple 

sources, including exhaust fumes from vehicles, 

emissions from industrial activities, and the open 

burning of waste. Water pollution exacerbates 

environmental stress, commonly due to the discharge 

of untreated wastewater generated by residential and 

commercial sources, as well as from agricultural 

runoff containing pesticides and fertilizers. 

 Waste management remains inefficient, with no 

robust or organized system for the collection and 

proper disposal of refuse. Despite the growing 

environmental pressures, there is a paucity of research 

focusing on the air pollution tolerance capacity of 

plant species within the study area. This knowledge 

gap revealed the need for further scientific findings for 

urban greening and environmental management 

efforts. Hence, this finding aims to assess the rate of 

air pollution absorbed by plants in selected areas 

within the Owerri municipal local government area of 

Imo state, Nigeria.  

 

MATERIALS AND METHODS 

The Study Area 

The study was carried out in the Owerri Municipal of 

Imo State, Nigeria. Owerri Municipal is located within 

latitudes 5° 24' 1" N and 5° 35' 1" N, longitude 6° 56' 1" 

E and 7° 08' 1" E. The study area is a densely populated 

urban area, with a population of over 127,213 at the 

2006 census. It is home to many important institutions 

and a major commercial center. It is also a major 

transportation hub, with many roads and railways. 

The topography of Owerri Municipal is generally flat, 

with a gentle slope to the south (Odoh et al., 2024). The 

average elevation is about 100 meters above sea level. 

The highest point in the LGA is the Owerri Hills, which 

have an elevation of about 200 meters above sea level. 

The climate of Owerri Municipal is tropical, with hot 

and humid weather throughout the year. The average 

temperature is about 27 degrees Celsius. The hottest 

months are March and April, when temperatures reach 

35 degrees Celsius. The coolest months are July and 

August, when temperatures can drop as low as 20 

degrees Celsius. Owerri Municipal has a bimodal 

rainfall pattern with distinct rainy and dry seasons. The 

first rainy season lasts from April to July and from 

September to November. The first dry season lasts from 

December to February, and the second lasts from August 

to September. The average annual rainfall is about 2,000 

millimeters. The study area is drained by many rivers 

and streams (Imo River, Nworie River, and the Otamiri 

River).  

Data Collection and Analysis 

Data was collected along major roads with high traffic 

of vehicles, high human population, and high rate of 

air pollution. Four dominant tree species were 

identified. Three replicates of matured fresh leaves of 

each of the selected individual dominant tree species 

were randomly plucked from each species within the 

major roads. The major roads were purposively 

sampled based on high vehicular traffic in the study 

area.  

Leaf samples were collected manually from the 

bottom of the tree’s canopy, about 6–8 feet above the 

ground, in the morning from selected areas. The leaves 

were carefully selected and inspected to ensure they 

were free from visible fungal infections or diseases 

(Zahid et al., 2023). The leaf samples were packed into 

a polythene bag to minimize the loss of moisture 

content (Kwak et al., 2019). The collected leaf 

samples were well labelled for easy identification and 

immediately taken to the laboratory for analysis of 

various biochemical parameters, such as ascorbic acid, 

total chlorophyll, leaf extract pH and relative water 

content.  

The ascorbic acid concentration (mg/g dry weight) 

was calculated by following the method explained by 

Keller and Schwager (Keller and Schwager, 1977) 

while using 2,6-dichlorophenol indophenol (DCPIP). 

Total chlorophyll content (mg/g) was calculated 

following the procedure of Singh et al. (1991). 

Relative water content was measured by following the 

procedure of Sivakumaran and Hall (1978). Leaf pH 

determination was done by adding 50 ml of distilled 

water to homogenize 5.0 g of the leaf sample to 

determine the pH of the suspension, which was then 

determined by using a digital pH meter. 

The biochemical parameters were used to determine 

APTI (Gbeminiyi et al., 2018). The APTI was 

determined using the four biochemical parameters in 

the formula given by Singh and Rao (1983) as 

described by Ogunrotimi et al. (2017) and Sharma et 

al. (2020) as thus: 

 

 
 

A is Ascorbic acid content (mg/g); T is Total 

chlorophyll content (mg/g); P is pH of leaf extract, and 

R is Relative water content of leaf (%). 
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Data obtained from the study area were subjected to 

descriptive statistics (mean and standard deviation) 

and inferential statistics- one-way Analysis of 

Variance (ANOVA). Means were separated using the 

Tukey test at a P<0.05 level of significance. Pearson’s 

correlation was performed to examine the association 

between the Air pollution tolerance index (APTI) and 

each studied biochemical parameter. Statistical 

analyses were carried out using Excel (MS Excel 2013 

version) and R-Statistics Package (R-version 3.1.0).  

 

 

 

 

RESULTS  

Chlorophyll, Ascorbic acid content, Leaf extract 

and Relative water content in abundant Plant 

Species in the area. 

The Biochemical parameters of the dominant tree 

species in the study area are shown in Figure 1. The 

result revealed that Elaeis guinensis (Palm tree) had 

the highest moisture content of (73.3%), followed by 

Casuarina equisetifolia (whistling pine) (64.5%), 

Acacia auriculiformis (Earpod) (62.8%); while the 

least value was (60.4%) from Polyalthia longifolia 

(Asoke). More details of the results for dominant 

species and frequency in the study area are shown in 

Figure 1.

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Biochemical Parameters of the Dominant Tree Species in the Study Area 
 

 

 

Figure 2 shows the average air pollution tolerance index (APTI) of four dominant tree species (oil palm - Elaeis 

guineensis), earpod - Acacia auriculiformis, whistling pine - Casuarina equisetifolia, and false asoke - Polyalthia 

longifolia) in the study area. The tree species with the highest APTI is the oil palm, with an APTI of 16.4. This is 

followed by the whistling pine (13.8), the false asoke (11.7), and the earpod (9.6). This result suggests that all four 

tree species are somewhat tolerant of air pollution. However, the oil palm is the most tolerant of air pollution, and the 

earpod is the least tolerant of air pollution.  
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Figure 2: Air Pollution Tolerance Index (APTI) of Dominant Tree Species in the Study Area 

 

 

 

 

 

Table 1 presents summary statistics of biochemical parameters of the dominant tree species in the study area. Based 

on the result of this finding, the highest mean pH of the tree species was obtained as 6.0 from Acacia auriculiformis, 

followed by 5.8 from Polyalthia longifolia, 5.6 (Elaeis guineensis); while the lowest pH was recorded as 4.6 under 

Casuarina equisetifolia. Acacia auriculiformis had a minimum and maximum value of 5.9 and 6.0, Polyalthia 

longifolia had 5.8 and 5.9, and Elaeis guineensis had 5.5 and 5.7. The lowest value of 4.6 was recorded from Casuarina 

equisetifolia.  

Based on the moisture content, the highest mean was obtained as 73.3 from Elaeis guineensis, followed by 64.5 from 

Casuarina equisetifolia, 62.8 from Acacia auriculiformis, while the lowest mean was 60.4 from Polyalthia longifolia. 

The minimum and maximum values of 73.1 and 753.5 from Elaeis guineensis, followed by 62.9 and 62.7 from Acacia 

auriculiformis, 64.5 and 64.4 from Casuarina equisetifolia, while the lowest values were recorded as 60.4 and 60.4 

from Polyalthia longifolia.  Based on the ascorbic acid, the highest mean was obtained as 5.0 from Polyalthia 

longifolia, followed by 4.1 from Casuarina equisetifolia and 2.9 from Elaeis guineensis, while the least was recorded 

as 1.9 from Acacia auriculiformis. The minimum and maximum values of 5.0 and 5.0 from Polyalthia longifolia were 

recorded, followed by 4.1 and 4.1 from Casuarina equisetifolia and 2.9 and 2.9 from Elaeis guineensis, while the 

lowest value was recorded as 1.9 and 1.9 from Acacia auriculiformis.  

Based on the chlorophyll, the highest mean value was recorded as 25.3 from Elaeis guineensis, followed by 13.3 from 

Casuarina equisetifolia and 11.7 from Acacia auriculiformis, while the lowest mean value was recorded as 5.6 from 

Polyalthia longifolia. The minimum and maximum values of 25.3 and 25.3 from Elaeis guineensis were recorded, 

followed by 13.3 and 13.3 from Casuarina equisetifolia, 11.7 and 11.7 from Acacia auriculiformis, while the least 

value was recorded as 5.6 and 5.6 from Polyalthia longifolia. 
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Table 1: Summary Statistics of Biochemical Parameters of the Dominant Tree Species in the Study Area 

Variables Species 

Elaeis 

guineensis 

Acacia 

auriculiformis 

Casuarina 

equisetifolia 

Polyalthia 

longifolia  

pH N 
3.0 3.0 3.0 3.0 

 Mean 
5.6 6.0 4.6 5.8 

 Min 
5.5 5.9 4.6 5.8 

 Max 5.7 6.0 4.6 5.9 

      

Moisture content N 3.0 3.0 3.0 3.0 

 Mean 73.3 62.8 64.5 60.4 

 Min 73.1 62.7 64.4 60.4 

 Max 
73.5 62.9 64.5 60.4 

      

Ascorbic acid (mg/100g) Ng 3.0 3.0 3.0 3.0 

 Mean 2.9 1.9 4.1 5.0 

 Min 
2.9 1.9 4.1 5.0 

 Max 2.9 1.9 4.1 5.0 

Chlorophyll (mg/100g) N 3.0 3.0 3.0 3.0 

 Mean 25.3 11.7 13.3 5.6 

 Min 25.3 11.7 13.3 5.6 

 Max 25.3 11.7 13.3 5.6 

 

Air Pollution Tolerance Index (APTI) and Comparison of the biochemical parameters of dominant tree species 

in the study area 

The comparative result on biochemical parameters of the dominant tree species in the study area is presented in Table 

2. The result showed there was a significant difference between the tree species at the 0.05 level. pH values of the tree 

species were presented as follows 6.0±0.1 (Acacia auriculiformis), Polyalthia longifolia had 5.8±0.0, Elaeis 

guineensis, had 5.6±0.1 while Casuarina equisetifolia had 4.6±0.0. The APTI of Elaeis guineensis, Casuarina 

equisetifolia, Polyalthia longifolia, and Acacia auriculiformis were recorded as 16.37±0.09, 13.83±0.4, 11.74±0.3 and 

9.61±0.4, respectively. Details of biochemical parameters are shown in Table 2. 

 

Table 2: Comparative Results on Biochemical Parameters of Dominant Tree Species in the Study Area 

Tree species pH MC AA Chlorophyll APTI 

 E. guineensis 5.6±0.1b 73.3±0.2a 2.9±0.0 c 25.3±0.0a 
16.37±0.09 a 

A. auriculiformis 6.0±0.1 a 62.8±0.1 c 1.9±0.0 d 11.7±0.0 c 9.61±0.4d 

C. equisetifolia 4.6±0.0 c 64.5±0.1 b 4.1±0.0 b 13.3±0.0 b 13.83±0.4b 

P. longifolia 5.8±0.0a 60.4±0.0 d 5.0±0.0a 5.6±0.0 d 11.74±0.3c 

p-value 0.000 0.000 0.000 0.000 0.000 

 

 

    

 

 

 

Table 3 presents comparative results of various biochemical parameters for four dominant tree species in the study 

area. These parameters include pH, Moisture Content (MC), Ascorbic Acid (AA) content, Chlorophyll content, and 

the Arboriculture Performance Index (APTI).  The p-value for pH is 0.000, indicating that there is a significant 

difference in pH levels among these tree species. A. auriculiformis has the highest pH level, while C. equisetifolia has 
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the lowest. pH levels can influence nutrient availability and soil chemistry, which can affect the overall health and 

growth of these tree species. The p-value for MC is 0.000, indicating a significant difference in moisture content 

among these tree species. E. guineensis appears to have the highest moisture content, which may indicate its preference 

for moister soil conditions, while A. auriculiformis prefers drier conditions. 

The p-value for AA content is 0.000, indicating a significant difference in AA content among these tree species. E. 

guineensis exhibits the highest AA content, indicating possesses greater antioxidant capacity than the other species. 

The p-value for chlorophyll content is 0.000, indicating a significant difference in chlorophyll content among these 

tree species. E. guineensis exhibits the highest chlorophyll content, indicating that it may have better photosynthetic 

capabilities compared to the other species. The p-value for APTI is 0.000, indicating a significant difference in APTI 

among these tree species. E. guineensis has the highest APTI, indicating the most suitable tree species for greening 

project purpose in the study area, considering the combined assessment of the analyzed parameters. 

 

Table 3: Pearson Correlation between APTI and Bio-parameters of Tree Species in the Study Area 

Variables  Species pH 

Moisture 

content 

Ascobic acid 

(Cmg/100g) 

Chlorophyll 

(mg/100g) APTI 

Species 1.00 - - - - - 

pH -0.17 1.00 - - - - 

Moisture content -0.85** -0.09 1.00 - - - 

Ascobic (Cmg/100g) 0.80** -0.36 -0.37 1.00 - - 

Chlor. (mg/100g) -0.90** -0.11 0.99** -0.47 1.00  

APTI -0.43 -0.42 0.84** 0.18 0.78** 1.00 

** Correlation is significant at the 0.01 level (2-tailed). 

 

DISCUSSION 

The assessment of biochemical parameters and APTI 

for the dominant tree species within the study area 

revealed that Elaeis guineensis recorded the highest 

moisture content (73.3%), indicating a strong affinity 

for environments with elevated soil moisture. This 

finding aligns with the Osman et al. (2024) report, who 

reported that E. guineensis thrives in tropical climates 

characterized by substantial and consistent rainfall. In 

contrast, Polyalthia longifolia exhibited the lowest 

moisture content (60.4%), contradicting the report of 

Ojewuyi et al. (2014) who reported that P. longifolia 

contained 7.9% moisture in young leaves and 8.70% 

in mature leaves. Air pollutants increase cell 

permeability, which causes water and dissolved 

nutrients to be lost, and early leaf senescence occurs 

as a result (Kuddus et al., 2011; Barjoee et al., 2023). 

In terms of biochemical properties, P. longifolia 

showed the highest ascorbic acid (AA) concentration 

(5.0%), indicating a robust antioxidant capacity. This 

result aligns with the findings of Jothy et al. (2012), 

who reported high AA levels in the species, indicating 

its potential role in mitigating oxidative stress, 

particularly in urban settings. However, Acacia 

auriculiformis exhibited the lowest AA content 

(1.9%), indicating a comparatively lower capacity for 

counteracting oxidative stress. This is in line with the 

work of Shreshtha et al. (2017), who reported reduced 

AA concentrations in Alternanthera sessilis and 

Amaranthus viridis leaf extracts. Zahid et al. (2023) in 

their study reported that Melia azedarach exhibited the 

highest ascorbic acid concentration, 0.06035 mg/g 

(5.98%), among the tree species sampled from 

residential areas, while Eucalyptus recorded the lowest 

value, 0.0593 mg/g (5.93%), within the same land-use 

type. Mangifera indica and Dalbergia sissoo showed 

the lowest concentrations of AA, each with a value of 

0.0598 mg/g (5.98%) (Zahid et al., 2023). The low 

ascorbic acid in different plant species resulted in 

sensitivity to air pollution (Zahid et al., 2023), 

consistent with Verma et al.'s (2023) findings that 

ascorbic acid acts as a natural detoxifier, mitigating the 

adverse effects of air pollution on plant tissues. 

Leaf pH measurements further clarified the ecological 

preferences of the studied species. A. auriculiformis 

was associated with the highest soil pH value (6.0), 

indicating a preference for slightly alkaline conditions. 

This result aligns with the findings of Raj et al. (2018), 

who reported the species' adaptability to a broad range 

of soil pH levels. Casuarina equisetifolia exhibited the 

lowest soil pH (4.6), indicating its suitability for acidic 

soils. Plants with higher concentrations of ascorbic 

acid and higher pH are more resilient to air pollution 

than those with lower concentrations (Bhadauria et al., 

2021; Zahid et al., 2023). pH results indicated that 

Casuarina equisetifolia in traffic areas is more 

tolerant. This result is in line with the report of Gupta 

et al. (2022) and Gautam et al. (2020), who reported 

that low pH showed good correlation with sensitivity, 

which reduces photosynthesis. 

The analysis of chlorophyll content revealed that E. 

guineensis had the highest concentration (25.3%), 
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reflecting enhanced photosynthetic efficiency. This 

result concurs with the study by Li et al. (2019), which 

revealed the species’ superior photosynthetic 

performance under tropical environmental conditions. 

By contrast, P. longifolia had the lowest chlorophyll 

content (5.6%), potentially indicating a reduced 

potential to maintain optimal photosynthetic activity 

under environmental stress. This observation is 

consistent with Fernandez et al. (2021), who 

associated lower chlorophyll levels with decreased 

stress adaptability in tree species. Chlorophyll 

synthesis or degradation is linked with the 

concentration of sulfur dioxide (SO₂) (Timilsina et al., 

2021). Agbaire and Esiefarienrhe (2009) reported that 

exposure to sulfur dioxide leads to a reduction in 

chlorophyll content across various plant species. 

Kuddus et al. (2011) observed a general decline in 

chlorophyll levels under pollution-induced stress 

conditions. Acebron et al. (2023) identified 

Azadirachta indica as the most tolerant species among 

13 samples collected from roadside environments, 

attributing its resilience to the highest recorded 

chlorophyll content, a parameter closely associated 

with plant productivity. 

The APTI values indicate species suitability for urban 

planting. E. guineensis, with the highest APTI score 

(16.4), emerged as the most resilient and suitable 

species for urban greening within the study area. A. 

auriculiformis had the lowest APTI value (9.6), faced 

limitations in adapting to urban conditions (Bharti et 

al., 2018). This observation aligns with the report of 

Liang and Wang (2019), who reported reduced urban 

adaptability in Acacia species due to their sensitivity 

to environmental stressors. The findings of this study 

implies that plant responses to air pollution vary across 

different geographical areas and differ within the same 

locality due to influencing factors such as plant age, 

physiological and metabolic functions, and the 

concentration of specific air pollutants 

(chlorofluorocarbons, nitrogen oxides, and carbon 

monoxide) (Zahid et al., 2023). Therefore, species 

exhibiting lower values of the Air Pollution Tolerance 

Index (APTI) are generally more susceptible to 

pollution, whereas those with higher APTI values 

demonstrate greater tolerance (Satpute and Bhalerao, 

2017). The APTI thus serves as an important metric 

for evaluating and identifying plant species capable of 

withstanding polluted environments (Bharti et al., 

2018). 

CONCLUSION  

Based on this study, there is significant variation in the 

biochemical characteristics and air pollution tolerance 

of the dominant tree species in the study area. Elaeis 

guineensis (oil palm) emerged as the most efficient 

species, with the highest moisture content, 

chlorophyll, ascorbic acid, and APTI, indicating its 

suitability for improving urban air quality and 

environmental health. The significant differences in 

pH, moisture content, ascorbic acid, chlorophyll, and 

APTI among the tree species in the study area show 

the importance of selecting appropriate species for 

urban forestry and pollution control initiatives. To 

maintain a healthy urban environment, it is 

recommended to diversify tree species, prioritize 

native varieties, and implement strong greening 

policies. Regular tree management, integration of 

green spaces into planning, community involvement, 

and continuous air quality monitoring are also 

essential for long-term success. 
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