
Changes in Chlorophyll content in certain ornamental plants growing in polluted region 

Samhitha*, Madhuri*, Nooraim*, Ridhima*, Rishika*, and P. Usha Shri** 

*Students **Assistant Professor St. Ann's College for Women 

St. Ann's College for Women, Mehdipatnam, Hyderabad -28. Telangana state 

 

 

Abstract 

 

Chlorophyll, the green pigment found in plants, plays a fundamental role in photosynthesis, the 

process by which plants convert light energy into chemical energy. Understanding chlorophyll 

content is crucial for assessing plant health, photosynthetic efficiency, and environmental 

responses. The aim of the present investigation is to understand effect of air pollution on the 

photosynthetic pigment content. Chlorophyll assessment and the integration of chlorophyll data 

with other physiological parameters to gain a comprehensive understanding of plant health and 

productivity. The result showed a decline in the chlorophyll content in certain selected plants 

growing in the polluted regions giving an insight tounderstand plant health, photosynthetic 

efficiency, responses to environmental stressors.  
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Introduction 

 Chlorophyll is a necessary pigment for photosynthesis as it absorbs the light energy from the 

sun and converts it into chemical energy in the plant. Chlorophylls are classified into 

Chlorophyll a,b,c and d. Chlorophyll is the marked photosynthetic pigment in higher plants, 

algae and cyanobacteria. It absorbs red light in the visible region at 680 nm. Chlorophyll b also 

absorbs red light in the visible region at 660 nm. Chlorophyll c is well described in microbes, 

algae and absorbs light in the red region (450-640 nm). However, chlorophyll d is reported in 

cyanobacteria whose habitats are areas that lack visible light. Hence, they absorb light in the IR 

region between 700 and 730nm.  

 

Generally, the standard ratio of the chlorophyll a and b in higher plants is approximately 3:1 

ratio. However, it has been identified that this ratio of chlorophyll a to chlorophyll b varies 

depending on genetic and environmental conditions.  Having more chlorophyll B in chloroplasts 
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of cells is adaptive factor.Chlorophyll ‘a’ allows plants to photosynthesize, use sunlight to 

convert simple molecules into organic compounds and is the predominant type found in green 

plants and algae. Chlorophyll ‘b’ helps in photosynthesis by absorbing light energy.  

 

Air pollution has become a serious challenge in, both developed and developing countries, with 

multiple emission sources continuously adding particulates and gaseous pollutants to the 

environment (Barwise and Kumar, 2020). Certain gaseous pollutants like So2, Nox, Co, and Co2 

have severe effect on the plant health. Sulphur dioxide (SO2) is a gaseous air pollutant that can 

have detrimental effects on chlorophyll, the green pigment responsible for photosynthesis in 

plants. Sulphur dioxide (SO2) is one of the most common harmful air pollutants (Li. Long, Yi. 

Huilan 2012). SO2 can directly interact with chlorophyll molecules. This interaction can lead to 

structural changes in chlorophyll, affecting its ability to absorb light effectively. SO2 exposure 

can disrupt the electron transport chain, a series of protein complexes in the thylakoid 

membrane of chloroplasts. This chain plays a vital role in converting light energy into chemical 

energy during photosynthesis.  Interference with this process can reduce the efficiency of 

photosynthesis. SO2 can be absorbed by plant tissues and converted into sulphite ions. Sulphite 

ions can further interfere with the photosynthetic process by inhibiting enzymes involved in 

chlorophyll biosynthesis and degradation(Padhi et al., 2013). Exposure. ROS, such as 

superoxide radicals and hydrogen peroxide, can cause oxidative stress. This stress damages 

cellular components, including chlorophyll molecules, contributing to a decline in chlorophyll 

content. can lead to the production of reactive oxygen species (ROS) within plant cells 

(Lihong Li, Huilan Yi 2012). SO2induced oxidative stress can trigger the breakdown of 

chlorophyll molecules (Malhotra 2006). high doses can lead to leaf chlorosis and necrosis, 

growth inhibition and plant death (Agrawal et al., 2003).Cumulative effects of SO2 on 

chlorophyll and photosynthesis can result in stunted growth, reduced biomass, and lower crop 

yields (Padhi et al., 2013). Plants exposed to elevated levels of SO2 may exhibit overall poor 

health and diminished productivity.  

 

CO indirectly affect plants and their chlorophyll content through its influence on overall plant 

metabolism and cellular processes. CO can inhibit cytochrome oxidase, an enzyme involved in 

the electron transport chain of cellular respiration (Sowbiya 2014). This inhibition may lead to a 

decrease in ATP production, affecting energy availability for various cellular processes, 
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including those related to chlorophyll biosynthesis. Elevated levels of CO can induce stress 

responses in plants increase production of ROS that can attack bio macromolecules and results in 

oxidative damage to nucleic acids, proteins and lipids (Mittler. , 2004; Afzal · 2023) impact 

chlorophyll biosynthesis and photosynthetic activity. Stress-induced alterations in chlorophyll 

content can manifest as changes in leaf colour or morphology. Although CO does not directly 

interact with chlorophyll, changes in cellular processes influenced by CO can potentially affect 

photosynthetic efficiency. Reductions in energy availability and metabolic disruptions may lead 

to suboptimal conditions for chlorophyllmediated photosynthesis.  

 

NO2 may inhibit the fixation of carbon dioxide in the dark reaction by competing with carbon 

assimilation for NADPH produced by the photoreaction, thereby reducing the photosynthetic 

rate. (Hill 1970; Srivastava 1975; Sabaratnam et al. 1988). Nitrogen oxides (NOx), which 

include nitric oxide (NO) and nitrogen dioxide (NO2), can have complex effects on chlorophyll 

and plant physiology (M Takahashi · 2014). Nitric oxide (NO) can act as a signalling molecule 

in plants. It plays a role in various physiological processes, including seed germination, root 

development, and responses to stress (Sun , 2021). NO can also be involved in the regulation of 

stomatal closure and opening, affecting gas exchange and water balance in leaves. Exposure to 

elevated levels of NO2 can cause chlorosis, leading to a reduction in chlorophyll content 

(Muneer,  2013). high concentrations of NO2 can lead to excessive accumulations of nitrite 

(NO2
−) (Okano et al., 1986) and cell acidification (Schmutz, 1995), which lead to negative 

responses such as the generation of reactive oxygen species (ROS) and inhibition of both N 

assimilation and plant growth, further causing acute damage to leaves, whole-plant chlorosis or 

even death. While NO can play a role in signalling pathways and has some positive impacts, 

NO2, in higher concentrations, is generally considered a pollutant with detrimental effects on 

plants. 

 

The aim of the present investigation is to understand the effect of air pollution on the content of 

photosynthetic pigments in the selected plants growing in highly polluted zones and to relate the 

study to plant health, photosynthetic efficiency of plant responses to environmental stressors.  

 

Materials And Method: 
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The Plants Ixora Coccinea,Nerium Oleander,Bougainvillea Glabra,Hibiscus rosa sinensis, 

Tecoma stansfor the Study of chlorophyll pigmentswere collected from polluted and control 

areas in the early hours and brought to the lab in an ice box. The leaves were washed with the 

distilled water thoroughly for further use. 

 

Estimation of chlorophylls was done as per Arnon (1949) method. 

0.2gof the freshleaf material was taken in motor and pestleand macerated adding 10 ml of 80% 

acetone into a fine paste. A Pinch of calcium carbonate was added while grinding. The aliquot 

was collected into a centrifuge tube and all the samples were centrifuged at 3000 rmp for 20 

minutes. After centrifugation the supernatant was collected and volume was made up to 25 ml 

and the optical density of the sample was taken at 663 and 645 to estimate the chlorophyll 

content.  

 

Results and Discussion 

Fig. 1. Chlorophyll 'a', 'b', and Total chlorophyll in the plants collected from control zone 

 

 

Fig.2.  Chlorophyll 'a', 'b', and Total chlorophyll in the plants collected from polluted 

zone 
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Fig.3.Chlorophyll a/b ratioin the selected plants from control and Polluted zones 

 

 

 

Result & Discussion  

In the present investigation a decrease in chlorophyll a, b & total chlorophyll was observed in the 

leaves collected from polluted zone (Fig.2.) as compared to the samples from control zone 

(Fig.1.). A decrease of 70% in chlorophyll a, 23% in chlorophyll b was noted in in Nerium 

leaves. 
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In Bougainville plants samples collected from the polluted zones showed a slight increase in 

chlorophyll a and total chlorophyll content as compared to the control plants. An increase of 

25% in chlorophyll a and 14% in total chlorophyll content was noted 

In hibiscus plant a decrease in the chlorophyll contain was observed in the leaf collected from 

polluted zones as compared to the control. A decrease of 33% in chlorophyll b and 28% in total 

chlorophyll was observed 

Ixora plants showed an increase in chlorophyll ‘a’ and total chlorophyll in the leaf collected from 

polluted zones as compared to the control. 250% Increase in chlorophyll ‘a’ and 237% in total 

chlorophyll contained was recorded. 

In Tecoma chlorophyll ‘a’ chlorophyll ‘b’ and total chlorophyll was observed to be more in the 

plant collected from the polluted zones as compared to the controlled and increase of 28% in 

chlorophyll a , 100% in chlorophyll b and 58% and total chlorophyll.  

 

DISCUSSION 

The result of the study shows that in total chlorophyll increasing in the leaves of Bougainville, 

Tecoma and Ixora collected from the polluted zones.This increase could be increased 

concentration of carbon dioxide and high temperature in a polluted region resulting in the 

enhancement of the pigment. However, a reduction in the chlorophyll content was reported in 

Hibiscus and Nerium plants growing in the polluted zones. The reduction and chlorophyll 

content could be due to the damage caused by air pollution, chlorophyll pigment under stress 

may undergo several photochemical reactions like oxidation reduction and reversible activity  

(Talebzadeh, 2022). Oxides of nitrogen, sulphur and fly-ash are the major proportions for the 

gaseous and particulate emissions from industries and automobile. The exposure of these 

pollutants to theleaves causes a reduction in the concentration of their photosynthetic 

pigment’s (Giri et al., 2013). The photosynthetic pigments are the most likely to be damaged by 

air pollution. Chlorophyll   pigments exist in highly organized state, and under stress they may 

undergo several photochemical reactions such as oxidation, reduction, pheophytinisation and 

reversible bleaching (Puckett et al., 1973). Chlorophyll a/b ratio provides a degree of tree 

tolerance index, and higher plant species typically produce more Chlorophyll ‘a’ than 

Chlorophyll ‘b’ (Turkyilmaz, 2018). A high ratio is an indication of better air pollution tolerance, 

and the low ratio indicates sensitivity(Kondo N et al., 1980).It is clear that the air pollution 
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caused by industries and automobile smoke are operative ecological factor causing deterioration 

in the quality of our environment (Shah et al., 1989). 

 

Conclusion 

Chlorophyll assessment and the integration of chlorophyll content with other physiological 

parameters helps to gain a comprehensive understanding of plant health and productivity. These 

findings underscore the profound impact of air pollution on plant physiology, highlighting the 

need for environmental protection and effective urban planning to alleviate the damaging effect 

on plant health and ecosystem dynamics. and other physiological processes. Additionally, 

comparing chlorophyll content among different plants can provide insights into the effects of 

various factors on plant growth and development and helps to identify the tolerant plants.The 

present studies showsthat environmental stress is directly proportional to the energy 

production in the plant due to decrease in chlorophyll content. 
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