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Abstract
The use of forest reserves as a carbon sink triggered afforestation programs as urban settlements around the world were 

characterized by poor air quality, especially greenhouse gas pollution. In this research, the tolerance of germination of Moringa 
oleifera, Jatropha curcas, and Albizia lebbeck to atmospheric greenhouse gas was evaluated. Ten seeds each of the three species 
were planted in ceramic pots (35% porosity) filled with mixtures of soil and manure in an equal ratio. A steel frame as support for 
a transparent polythene sheet was used to cover the plants, and the control experiment was maintained in a similar environment. 
Smoke was supplied to each treatment for one minute daily for 15 days using a petro-powered motorcycle, Jincheng JC110-19V, 
with a 4-stroke engine. At the end the experiment, the germination of Moringa oleifera seeds was not significantly different (p > 
0.05) between the treatment and control, while Jatropha curcas and Albizia lebbeck (26% and 32%, respectively) in the control 
were significantly higher (p ˂ 0.05) compared to the exposed seed, with 18% and 14% germination, respectively. A similar trend 
was observed in the chlorophyll contents of the leaves 15 Days After Sowing (DAS) and biomass yield 20 DAS. The results of this 
work showed that all three species tolerated elevated environmental greenhouse pollutant concentrations for germination, while 
Moringa had a higher tolerance. 
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Introduction

Air pollution is an important issue due to fast industrial devel-
opment as it results in human health problems such as ophthalmic, 
respiratory, and cardiovascular diseases [1-4]. Health complica-
tions, notably chronic obstructive pulmonary diseases, acute respi-
ratory infections, lung cancer, and heightened mortality, have also 
been reported due to air pollution [5,6]. The World Health Organi-
zation (WHO) confirms that 92% of the world’s population lives in 
areas with poor air quality that frequently exceed the WHO limit [7]. 
The current air pollution emission control technologies to remove 
emissions of air pollutant like greenhouse gases from the environ-
ment or convert it into less toxic forms are not sufficient to meet  

 
the environmental challenges [8]. Greenhouse gas is any gas that 
has the property of absorbing and emitting radiant energy within 
the thermal infrared range [9]. These gases include carbon dioxide 
(CO2), organic chemicals called chlorofluorocarbons (CFCs), meth-
ane (CH4), nitrous oxide (N2O), ozone (O3), and water vapour (H2O). 
Carbon dioxide is the important gases because of the huge volumes 
emitted into the air by combustion of fossil fuels (e.g., gasoline, oil, 
coal) [10]. It can also be obtained as a by-product of breathing and 
fermentation. The greenhouse gases from human activities are the 
most significant drivers of observed climate change [9]. As human 
activities increase, greenhouse gas emissions build up in the atmo-
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sphere and warm the climate, leading to many other changes in the 
world. If this phenomenon persists over a long period of time, it can 
lead to major problems for present and future generations.

[11]. assert that many of the counteractive solutions in place for 
greenhouse gas emissions are focused on mitigation ways to slash 
emissions as quickly as possible, such as by adopting renewable en-
ergy, promoting energy efficiency, and stopping deforestation. For-
ests are not only vital for human life by providing a diverse range of 
resources; they also serve as carbon sinks and produce oxygen that 
is vital for the existence of life on the earth, so they are regarded as 
the earth’s lungs. It reduces global warming and absorbs toxic gases 
and pollution. But now-a-days, forest cover is depleting rapidly due 
to many reasons, such as an expansion of agriculture, timber plan-
tations, other land uses like pulp and paper plantations, urbaniza-
tion, the construction of roads, and industries, which constitute the 
biggest and most severe threat to the forest, causing serious envi-
ronmental damage [12]. hence the need for afforestation. In north-
ern Nigeria, afforestation programs by the government, intergov-
ernmental organizations, and private agencies are on the rise. The 
choice of trees for the afforestation program in the area is basically 
based on drought tolerance. In this research, the tolerance of three 
of the species, namely Moringa oleifera, Jatropha curcas, and Albizia 
lebbeck, which are popularly used for afforestation in the area, was 
evaluated with an emphasis on greenhouse gases.

Materials and Method
Study Location

This study was carried out in the biological garden of Umaru 
Musa Yar`adua University, Katsina State between June, and Septem-
ber 2022. The area lies between longitude of 12.8858ᵒN and longi-
tude of 7.5735ᵒE. The area is characterized by a distinct wet season 
(May to October) and dry season (November to April).

Collection and Preparation of Planting Materials

Seeds of Moringa oleifera, Jatropha curcas, and Albizia lebbeck, 
as well as soil and manure, were obtained from the Umaru Musa 
Yaradua University botanical garden. The ceramic pots were filled 
with soil and manure mixed in an equal ratio. The pots were wa-
tered and allowed to drain for 24 hours through the holes. Planting 
was carried out by sowing 10 seeds each of Moringa oleifera, Jatro-
pha curcas, and Albizia lebbeck in each pot. Seeds of Jatropha cur-
cas were pretreated by soaking in water for 48 hours [13]. The pot 
porosity was about 35%. The experiment was maintained outdoors 
in their native environments at 30-32°C and 12 hours of photope-
riod.

Pollution Exposure

A petro-powered motorcycle, Jincheng motorcycle, with model 
number of JC110-19V, 4-stroke engine type with a gas/diesel cer-
tification was used to supply smoke to the treatments. Plants were 
exposed to one minute of smoke daily from sowing until 15 days, 

when no more germination was observed. A frame made from steel 
and a transparent nylon was used to cover the plants. Control was 
planted in open air.

Measurement of Seed Germination

Germinated seeds were counted daily according to the Associ-
ation of Official Seed Analysts [14]. The seeds were considered as 
germinated when the radical size was 2 mm. Seed germination was 
monitored daily for treatment and control. The number of seeds 
germinated was recorded, and the percentage of seed germination 
and significant differences were determined with T-test analysis. 

Chlorophyll Estimation 

After germination (20 days), one gram of leaf sample was finely 
cut and gently mixed with a clean pestle and mortar. To this ho-
mogenized leaf material, 20 mL of 80% acetone and 0.5 g of MgCO3 
powder were added. The leaf was further grinded gently. The sam-
ple was then put into a refrigerator at 40 °C for 4 hours. Thereafter, 
the sample was centrifuged at 500 rpm for 5 minutes. The super-
natant was transferred to a 100-liter volumetric flask. The final 
volume was made up to 100 mL with the addition of 80% acetone. 
The color absorbance of the solution was estimated by a spectro-
photometer using 645 and 663 nm wavelengths against the solvent. 
Acetone (80%) was used as a blank [15]. 

Seedling Biomass Determination

Above ground parts were harvested and weighed immediate-
ly, and the fresh shoot biomass was obtained. Samples were then 
dried in an oven for 3 hours at 105 °C and weighed for moisture 
content estimation [16]. Weighing was frequent and recorded until 
constant weights were achieved. Results were recorded, and signif-
icant differences were determined with T-test analysis.

Results

Seed Germination

Moringa oleifera, seed germination was not significantly differ-
ent (p˃0.05) between the treatment (40%) and control (42%). In 
Jatropha curcas, a significantly higher germination percentage (p 
˂0.05) was recorded in the control (26%), while the exposed seed 
had 18% germination. A similar trend was observed in Albizia leb-
beck, with germination of 14% in the treatment and 32% in the 
control.

Chlorophyll Contents

The chlorophyll contents of Moringa leaves were 28.0 mg/m3 
and 27.5 mg/m3 for the treatment and control, respectively. Jatro-
pha curcas showed a significant difference (p˂0.05) in the leaf chlo-
rophyll content between the treatments (2.78 mg/m3) and the con-
trol (4.76 mg/m3). A similar trend was observed in Albizia seedling 
leaves.
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Biomass Yield

The effect of smoke on fresh and dry weights of Moringa oleif-
era, Jatropha curcas, and Albizia lebbeck is shown in Table 1. The 
mean fresh weights of Moringa seedlings 20 days after sowing were 

19.70 g in the treatment and 23.39 g in the control, and this was sig-
nificantly different (p˂0.05). A similar, significant higher wet weight 
of Albizia was observed in the control (p˂0.05). Whereas Jatropha 
wet weight was significantly higher in the treatment (p˂0.05).

Table 1: Biomass (mean± SD) of Moringa oleifera, Jatropha curcas and Albizia lebbeck seedlings.

Plants
Fresh Shoot Weight (G) Dry Shoot Weight (G)

Treatment Control Treatment Control

Moringa oleifera 19.70±1.34a 23.39±2.71a 6.08±1.22a 7.95±1.26b

Jatropha curcas 316.32±47.36a 233.32±56.36b 86.18±14.39a 59.40±17.60b

Albizia lebbeck 66.60±7.98a 78.20±19.29b 4.06±0.21a 5.36±1.98b

Discussion 
The results demonstrated that different plant species respond 

in different ways to smoke pollution, and this may be attributed 
to species’ pollution tolerance capabilities. The seed germination 
study revealed that air pollution (smoke) did not affect the seed 
germination of Moringa oleifera significantly, while Jatropha curcas 
and A. lebbeck germination were affected by pollution stress due to 
the addition of smoke derived from the automobile. The presence of 
air pollutants in the immediate environment can directly affect the 
plant’s ability to germinate effectively. The germination and growth 
of plants under stress and in a polluted environment have been 
studied [17-20]. Our current finding also supported this. Chloro-
phyll is the index of productivity in plants [21]. Chlorophyll content 
of plants varies from species to species, age of leaf and with the pol-
lution level as well as with other biotic and abiotic condition.  Thus, 
plants with high chlorophyll content show tolerance to air pollu-
tion. The chlorophyll content of Moringa oleifera, Jatropha curcas, 
and Albizia lebbeck leaves were significantly affected by the smoke 
pollution. This result agrees with those obtained by [21]. who re-
ported that air pollution significantly lowered the Chlorophyll 
content of Azadirachta indica, Mangifera indica, Nerium oleander, 
and Dalbergia sissoo leaves. The variation in chlorophyll content 
could be due to smoke accumulation on leaf surfaces. Photosynthe-
sis is highly sensitive to air pollution; therefore, measurement of 
chlorophll in leaves is conceptually regarded as a useful diagnosis 
to determine the subtle pollutant effects. Chlorophyll is an index 
of productivity of plant [22]. as well as development of biomass, 
is the principal photoreceptor in photosynthesis. Degradation of 
photosynthetic pigment has been widely used as an indication of 
air pollution [23]. The higher the levels of pollutants, the lower the 
lower the chlorophyll content [21,24]. suggested that the pollutant 
gases such as SO2, NO2, and O3 produce oxyradicals in reaction with 
the pollutants, which cause damage to the membrane and associat-
ed molecules, including chlorophyll pigment. The smoke emission 
from the auto exhaust has greatly influenced the seedlings’ dry 
biomass capability. These results show that biomass production of 
plants was more sensitive to air pollutant as reported by [20,25,26].  
Similarly, there was also a significant (p ˂0.05) increase in the dry 
biomass of Jatropha compared to the plants in the control. For high 

biomass production, these stand as key means of determining car-
bon sequestration potential, photosynthesis, and maximum crop 
growth and yield.

Conclusion
The germination of Moringa oleifera seeds in this work was sig-

nificantly affected by smoke, while Jatropha curcas and Albizia lub-
beck were also significantly affected. Therefore, different species of 
plants respond differently to environmental changes. Conversely, 
the wet biomass yield (20 DAS) was higher for Jatropha. This im-
plies that a plant species may respond to air pollution differently 
during its life cycle. The results of this work showed that all three 
species tolerated elevated environmental carbon dioxide concen-
trations for germination, while Moringa had a higher tolerance.
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