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Abstract 
This study aimed to investigate the potential of microorganisms to degrade plastic waste while also promoting plant 
growth in plastic landfills. The study isolated soil bacteria, specifically Pseudomonas sp. and Bacillus spp., from the landfill 
in the Namakkal area using the clear zone and weight loss methods. Successive enrichment using LDPE as the sole carbon 
source resulted in 22 bacterial isolates, seven of which displayed a clear zone of inhibition for polyethylene glycol (PEG) 
degradation, while five showed inhibition zones for plastic powder degradation. The highest degradation rate was 
observed in IS14 (45.9 ± 1.11%), followed by IS9 (41.66 ± 1.41%). Additionally, IS14 exhibited positive results for 
phosphate solubilization, N2 fixation, ammonia production, siderophores production, and hydrogen cyanide (HCN) 
production. The 16s rRNA sequencing confirmed IS19 as Pseudomonas stutzeri. Overall, this study highlights the potential 
of plant growth-promoting factors derived from plastic-degrading isolates for sustainable agriculture and environmental 
remediation, though further research is necessary to fully understand the mechanisms behind these activities.  
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Globally, plastic waste has emerged as a major 

environmental concern, causing soil pollution. Being non-

biodegradable synthetic materials, plastics persist in the 

environment for extended periods. Inadequate disposal and 

mismanagement of plastic waste result in its accumulation in 

soils, leading to severe repercussions on soil health, 

ecosystems, and human well-being [1]. Contamination of 

agricultural soils is widespread, showing spatial and temporal 

variations. Consequently, there is a growing global focus 

among scientists and stakeholders on addressing plastic 

pollution in agricultural soils. Soil plastic pollution originates 

from diverse sources, like packaging, agricultural films, 

microplastics from industrial and domestic activities, and 

improper waste disposal of plastic debris. The presence of 

plastic in the soil brings about various adverse effects [2]. 

Over time, plastic fragments accumulate in the soil and 

break down into microplastics, releasing additives that can 

harm soil health. The effects of plastics on soil properties and 

fertility depend on factors such as size, shape, and chemical 

composition. The presence of conventional plastic mulch films 

in the soil can hinder water absorption, reduce water retention, 

disrupt microbial communities and macrofauna, and decrease 

soil fertility. Consequently, this can lead to negative effects on 

plant growth and crop yields. These negative impacts are 

particularly noticeable when high concentrations of plastic 

(>240 kg/ha) are present, such as when non-biodegradable 

mulch films are repeatedly left in the soil or incorporated 

through tilling [3]. 

Burning plastic waste creates harmful substances and 

worsens climate change. Dumping it in landfills is also not a 

long-term solution, as it takes hundreds of years for plastic to 

break down naturally. However, promising research reveals that 

microorganisms like bacteria, fungi, insects, and their gut 

microorganisms can break down different types of plastics such 

as PE, PS, PP, PVC, PUR, and PET [4]. While ample evidence 

exists regarding the ability of plastics to degrade in the presence 

of microbes within the same environment, there is a notable gap 

in research exploring the potential synergistic role of microbes. 

Specifically, there is a lack of investigation into whether 

microbes can not only effectively break down plastics but also 

play a collaborative role in safeguarding soil fertility and 

fostering crop growth. By engaging in this synergistic process, 

microbes could potentially degrade plastics without adverse 

side effects, simultaneously providing benefits to both crop 

growth and the overall environmental ecosystem. Building on 

this concept, the present study was to investigate whether plant 

growth-promoting bacteria possess the ability to degrade plastic 

materials. 

 

MATERIALS AND METHODS 
 

Collection of soil and isolating the bacteria 

Soil samples were collected from the different dumpsites 

and landfills in Namakkal, Tamil Nadu, India. After serving as 

a waste disposal site for over 10 years, 10 samples were 

randomly collected from various sites using closed, sterile 
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containers and transported to the laboratory in an icebox. The 

samples were homogenized, stored at 4 °C, and later utilized for 

analysis. LDPE powder was obtained from Merck, India. Low-

density polyethylene films for biodegradation studies were 

acquired from a local market and cut into 1.5 cm × 1.5 cm 

pieces. 

 

Enrichment of culture and isolation of LDPE-degrading 

isolates 

Culture enrichment for LDPE-utilizing bacteria involved 

suspending 1 g of soil in sterile saline water and incubating it at 

120 rpm for 4 h. A portion of the soil suspension was transferred 

into an Erlenmeyer flask with sterile mineral salt broth and 

0.2% LDPE powder and incubated at 35 °C. After a week, the 

enriched culture was transferred successively for four cycles. 

Serially diluted samples were spread on nutrient agar plates, and 

isolated colonies were transferred to nutrient broth for further 

study. This method facilitated the isolation of bacteria adapted 

to LDPE as a carbon source from the soil environment [5]. 

 

Screening of LDPE-degrading isolates 

The screening for low-density polyethylene (LDPE) 

degradation involved the clear zone method using a synthetic 

medium. This medium, comprising 0.2% (w/v) polyethylene 

glycol and 15% (w/v) agar, was autoclaved and poured into 

sterile Petri plates. After solidification, isolated colonies from 

nutrient agar were inoculated and incubated at 30 °C for 2 

weeks. Plates were stained with a 0.1% Coomassie Brilliant 

Blue solution, and a destaining process revealed a clear zone 

around the colony. Coomassie Brilliant Blue solution, prepared 

with 0.1% (w/v) Coomassie Blue in 40% (v/v) methanol and 

10% (v/v) acetic acid, was used for staining. The destaining 

solution, consisting of 40% (v/v) methanol in 10% (v/v) acetic 

acid, was applied to visualize the clear zone produced by 

bacteria. This method identified bacteria as polyethylene 

degraders if a clear zone appeared against a blue background 

[5]. 

 

Biodegradation studies 

In this study, the biodegradation efficiency of bacterial 

isolates on untreated LDPE was assessed using 0.2% (w/v) 

films (1.5 × 1.5 cm). The films were prepared by drying 

overnight, disinfecting with 70% ethanol, and air-drying in a 

laminar flow chamber. Aseptically, the films were added to 

Erlenmeyer flasks with a sterile mineral salt medium 

supplemented with 0.01% (w/v) yeast extract. Inoculation with 

1 ml of a 24-hour-old culture was done for each flask, followed 

by incubation on a rotary shaker at 35 °C and 120 rpm for 60 

days. Sterile controls were maintained. The extent of LDPE 

film biodegradation after 60 days was determined using the 

weight-loss method. The weight loss was calculated and 

compared based on the following formula [6]. 

 

Weight loss (%) = (Initial weight − Final weight) / Initial 

weight × 100. 

 

Screening of plant growth-promoting factor (PGPF)-producing 

isolates 

From the above-tested parameters, positive isolates were 

subjected to the determination of PGPF. The determination of 

PGPF was assessed using a modified qualitative method based 

on the protocol developed by Selvi and Thangaraj [7]. Bacterial 

cultures were inoculated into nutrient broth supplemented with 

tryptophan (1 mg/ml) and incubated at 35 ± 2 °C for 7 days. 

Following incubation, two drops of orthophosphoric acid and 4 

ml of Salkowski's reagent were added to the culture. 

Salkowski's reagent consisted of 50 ml of 35% perchloric acid 

and 1 ml of 0.5 mM FeCl3. The occurrence of a pink color 

development after the addition of the reagents indicated the 

production of IAA. 

The production of siderophores by the isolates was 

assessed using solid CAS (Chrome Azurol S) agar plates. The 

isolates were inoculated onto CAS blue agar media and 

incubated at 35 ± 2 °C for 72 hours. The presence of a yellow-

orange halo zone surrounding the colony indicated the 

production and release of siderophores on the agar plate. To 

determine ammonia production, the isolates were inoculated 

into peptone water and incubated for 48 hours at 35 ± 2°C. 

Following incubation, 0.5 ml of Nessler's reagent was added to 

each tube. A positive test for ammonia production was indicated 

by the observation of a color change from brown to yellow. 

To assess hydrogen cyanide (HCN) production, bacterial 

cultures were streaked onto nutrient agar medium supplemented 

with 4.4 g/l of glycine. Inside the lid of each plate, a Whatman 

filter paper No. 1 soaked in a solution of 0.5% picric acid in 2% 

sodium carbonate was placed. The plates were sealed with 

parafilm and incubated at 35 ± 2 °C for 4 days. The presence of 

an orange-to-red color development on the filter paper indicated 

the production of HCN. 

Nitrogen-fixing bacteria can be isolated from the soil 

using yeast extract mannitol selective culture media (YEM) 

supplemented with bromthymol blue (BTB). In this medium, 

the presence of yellow halos around the colonies on a blue 

background indicates a positive result for nitrogen-fixing 

bacteria. 
 

RESULTS AND DISCUSSION 
 

Regulating plastic pollution has become a pressing need 

in today's world. In response to the urgent environmental 

challenge posed by plastic pollution, the current research 

conducted the isolation of a soil bacterium identified as 

Pseudomonas sp and Bacillus sp which exhibits the remarkable 

ability to degrade two extensively utilized polymers. One viable 

solution to reduce plastic pollution is through the process of 

microbial degradation, harnessing the abilities of 

microorganisms to break down both organic and inorganic 

molecules. Soil, as a vital natural resource, serves as a rich 

reservoir of diverse microorganisms capable of contributing to 

this degradation process. The degradation of various types of 

synthetic plastics by microorganisms sourced from different 

ecosystems, including agricultural soils, aquatic environments, 

and landfills, has been extensive [8]. Built upon this point, the 

study aimed to identify microorganisms present in a plastic 

dumping site and assess their capability to degrade plastic 

materials. 

Isolation of the bacteria was carried out on a minimal 

agar medium, and a total of twenty-two bacterial isolates were 

obtained. Screening of bacterial isolates for PEG and plastic 

powder degradation was carried out by the clear zone method. 

Out of the 22 isolates tested, seven exhibited a distinct, clear 

zone of inhibition on the plate containing PEG (polyethylene 

glycol), while five isolates displayed a zone of inhibition on the 

plate containing plastic powder. The study underscores the 

potential for bacteria found in specific environmental 

conditions, such as landfill sites, to exhibit enhanced plastic-

degrading capabilities. This is supported by earlier research 

from Biki et al. [9], demonstrating that microbes identified from 

landfill sites are capable of degrading plastic. In a recent study, 

Nademo et al. [5] also screened the LDPE-degrading isolates 

through the clear zone method with a Coomassie brilliant blue 

solution. 
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In many LDPE biodegradation studies, the weight loss 

method was used to determine the microbial consumption of 

polymers [5], [10-12]. In our study, the percentage of LDPE 

weight loss was calculated, and the highest value was recorded 

by isolates IS9 and IS14 (41.66 ± 1.41% and 45.9 ± 1.11%, 

respectively). This indicates a superior degrading ability 

compared to the findings of Kalia and Dhanya [13], who 

reported 4.38% (untreated) and 12.09% (xylene-treated) LDPE 

film weight loss after 30 days of incubation with bacteria. 

 
 

Fig 1 Isolation and screening of LDPE-degrading bacteria the clear 
zone formed by the isolates after 2 weeks of incubation in 

mineral salt medium supplemented with 0.2% polyethylene 
glycol Isolate 1, 2, and 4 as positive and isolates 3 and 6 as 

negative 

 
The present study demonstrates that soil bacteria sourced 

from solid waste dump sites exhibit significant efficacy in 

degrading virgin polyethylene. Unlike previous research that 

often assessed the biodegradability of LDPE after abiotic 

pretreatment, such as UV irradiation, chemical oxidation, or 

thermal treatment [14], our work specifically utilized untreated 

LDPE film for the biodegradation study, yielding promising 

results. Our study is unique in that it evaluated LDPE 

degradation within a shorter time frame than previous research. 

While previous studies examined LDPE degradation over 90 

days, we focused on biodegradability over a compressed 30-day 

period using plastic strips. 

The role of environmental conditions in determining 

polymer degradation pathways is crucial. Under favorable 

conditions, polymers can fully decompose into organic acids, 

CH4, CO2, and H2O. Additionally, the microbes used in plastic 

degradation are eco-friendly and beneficial to plant growth. 

This study examined the presence of plant growth hormones 

and a factor within two potential isolates responsible for plastic 

degradation to support this hypothesis. According to 

biochemical results, potential isolates were confirmed as 

Bacillus sp and Pseudomonas sp. 

Bacillus sp. in the present study exhibited positive results 

for IAA production, consistent with previous findings in 

Pseudomonas sp. [15]. Furthermore, both Bacillus sp. and 

Pseudomonas sp. isolates demonstrated positive traits for 

ammonia production and phosphate solubilization, mirroring 

similar characteristics observed in plant growth-promoting 

isolates from municipal solid waste composts in Delhi, India 

[16]. 

In the present study, Pseudomonas sp. revealed positive 

results for siderophore production, contributing to plant growth 

enhancement and bioactive effects. Although siderophore-

producing isolates are mostly isolated from cultivated soil, our 

findings are consistent with the 2017 study by Chaudhary et al. 

[17]. It documented the presence of siderophore-producing 

Pseudomonas sp. in various soil samples, including 

uncultivated sites near petrol pumps and garages. 

In this study, Pseudomonas sp. demonstrated a positive 

effect on the production of hydrogen cyanide (HCN), a 

chemical compound known as a plant growth promoter and 

biocontrol agent against plant pathogens. Previous research has 

highlighted the protective role of HCN-producing rhizospheric 

isolates in protecting plants against root diseases caused by soil-

borne fungi. In addition, both isolates exhibited positive results 

for their ability to fix nitrogen during the assay. Despite 

anecdotal studies examining the presence of plant growth 

hormones and factors in agricultural soils, limited research has 

focused on non-cultivated soil sources. A recent study was 

observed the production of plant growth-promoting factors 

isolated from coal mine soil samples in Gujarat [18]. 

  

 

Fig 2 Determination of plant growth-promoting factors in plastic degrading isolates 
A. IAA production, B. Ammonia production, C. Phosphate solubilization, D. Nitrogen fixation, E. HCN production, F. Siderophore production 

151 



Furthermore, in the present study, potential isolates of 

Pseudomona sp were subjected to 16srRNA sequence analysis 

for identification of species level. According to the blast result, 

such isolates as Pseudomonas stutzeri. Many strains of 

Pseudomonas stutzeri have been isolated from contaminated 

soil sites, and it has been identified as a proficient plastic 

degrader, particularly of polyethylene glycol (PEG). Although 

several studies have investigated the plastic degradation ability 

of Pseudomonas sp., no recent study has documented the 

inability of Pseudomonas stutzeri to degrade plastic or to 

express plant growth-promoting factors. This study presents the 

discovery of a bacterium, Pseudomonas stutzeri, which 

demonstrates both plastic degradation capabilities and plant 

growth-promoting properties, marking the first time these dual 

properties have been identified in a single bacterium. 
 

CONCLUSION 
 

Plastic pollution has become a pressing challenge 

worldwide, and new solutions are urgently needed to address its 

negative impact on the environment. The results of this research 

suggest that these microbes derived from specific natural 

environments, such as landfill sites, can exhibit enhanced 

plastic-degrading capabilities. These bacteria not only exhibit 

plastic-degrading capabilities but also produce growth 

hormones, siderophores, and hydrogen cyanide. In addition, 

these bacteria produce growth hormones, siderophores, and 

hydrogen cyanide. These findings may provide new avenues for 

bioremediation of plastic pollution and contribute to the 

sustainable development of agricultural practices. The 

identification of specific bacteria with dual capabilities further 

emphasizes the multifaceted benefits that certain microbial 

isolates may offer for environmental remediation and 

agricultural development. Furthermore, the identification of 

potential isolates such as Pseudomonas stutzeri with both 

plastic degradation and plant growth-promoting properties 

represents a significant advance in this field. Overall, this study 

provides valuable insights into the potential of natural resources 

and their microbes to address the current environmental 

challenges facing our planet.
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