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 The effects of polyethylene enriched compost on culturable microbial load, 
physical and macro-nutritional status of amended soils and control were 
evaluated. Serial dilution and pour plate methods were used to ascertain the 
microbial flora of the soil treatments. Prior to its amendment, the bacterial and 
fungal count of the experimental soil were 7.7×104 cfu/g and 8×103 cfu/g.  The 
mean heterotrophic bacterial and fungal counts for the treated soils ranged from 
1.27×105 cfu/g to 2.92×105 cfu/g and 1.7×104 cfu/g to 10.4×104 cfu/g 
respectively. The differences in these counts were statistically significant 
(P<0.05). The polyethylene utilizing bacterial count varied from 0.4×102 cfu/g 
to 7.8 ×102 cfu/g. Nine (9) heterotrophic bacterial and nine (9) fungal isolates 
were isolated and identified; Arthobacter sp., Acinetobacter sp., Bacillus sp., 
Klebsiella sp., Micrococcus sp., Streptococcus sp., Staphylococcus sp., Proteus 
sp., Pseudomonas sp., Aspergillus sp., Aspergillus niger, Aspergillus versicolor, 
Cladosporium sp., Mucor sp., Fusarium sp., Saccharomyces sp., Penicillium sp. 
and Trichoderma sp. Three polyethylene utilizing bacterial isolates were 
identified; Bacillus sp., Pseudomonas sp. and Arthobacter sp. Physico-chemical 
analyses of the soil treatments revealed that the pH and bulk density values 
varied from 5.1 to 6.8 and 60.0% to 82.0% respectively. The addition of 
polyethylene enriched compost to the respective soils had a positive impact on 
the microbial density of the soils. It also increased the concentration of some 
essential elements (carbon, nitrogen and phosphorus) in the amended soils. 
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INTRODUCTION 

 
The drastic rise in the use of non-biodegradable 

plastic materials during the past three decades has not 
been accompanied by corresponding development 
procedures for the safe disposal or degradation of these 
polymers (Vijaya and Reddy, 2008). Polyolefin derived 
plastics, such as polyethylene, are being used in the 
manufacture of plastic for carry bags, cups, packaging 
films and garbage bags. These plastics are 
characteristically inert and resistant to microbial attack 
and therefore, they remain in the nature without any 
deterioration for a very long time. When the plastic solid 
waste is present in soil for long periods, it reduces soil 
fertility and prevents the growth of plant life and thus, 
poses environmental problems (Vijaya and Reddy, 2008). 
Plastics have been defined as man-made materials, often 
derived from petroleum feedstock. Examples are 
polyethylene, polyvinyl chloride, Lucite and Teflon. 
Higher molecular weight polymers and branched 
polymers are more resistant to microbial degradation 

(EPA, 2006). Polyethylene and Polyvinylchloride are 
considered to be relatively resistant to microbial 
degradation. However, some bacterial strains have been 
identified to degrade polyethylene, including Rhodococus 
rubber and B. borstelensis (Hauad et al., 2005). 
Biodegradation of polyethylene is known to occur by two 
mechanisms; hydro-biodegradation and oxo-
biodegradation (Bonhomme et al., 2003). Starch blend 
polyethylene has a continuous starch phase that makes the 
material hydrophilic and therefore, attacked by amylase 
enzymes (Zheng et al., 2005). Microorganisms can easily 
access, attack and remove this part. Thus, the hydrophilic 
polyethylene from the matrix continues to be hydro-
biodegraded. For the biodegradable polyethylene 
synthesized by adding pro-oxidant additive, 
biodegradation occurs following photo degradation and 
chemical degradation (Zheng et al., 2005). 

Composting  organic  wastes  is a  low  external  
energy input  microbial  decomposition  process  that   
produces carbon (IV) oxide,  water,  mineral ions  and  
stabilized  humus  like  materials  (Ozores-Hampton et al., 
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1998; Huang et al., 2000;  Stocks et al., 2002).  Some  of  
the benefits  of  composting  waste  for  land   applications  
are   reduced  particle  size  allowing  for  uniform  field  
application, increased nutrients and  decreased  phytotoxic  
substances,  that is  high  concentration  of  ammonium 
ions (Roe and Cornforth, 2000; Loecke  et  al., 2004; Gil  
et  al., 2007). Compost used in agricultural areas can 
increase soil structure, water storage capacity and nutrient 
retention (Pandey and Shukla, 2006). Compost application 
reduced plant diseases and subsequently reduced pesticide 
use (Keener et al., 2001).  

Shimao (2001) stated that several studies has been 
conducted  on the distribution of synthetic polymer 
degrading microorganisms in the environment, the 
isolation of new microorganisms for the biodegradation, 
the discovery of new degrading enzymes and the cloning 
of genes for the synthesis of bio polymers. The aim and 
objective of this research work was to ascertain the effects 
of polyethylene enriched compost treatments on 
culturable microbial load and soil fertility. 

 
MATERIALS AND METHODS 

 
Experimental design 

Forty kilograms (40 kg) of top soil were collected 
from a fallow farmland within the Government 
Residential Area (GRA) Benin City at depths ranging 
from 0-15cm using a soil auger in the month of February, 
2012. The bulked soil was sieved and the physicochemical 
and microbiological qualities of the soil were determined. 
Six (6) kilograms of the soil each were dispensed onto six 
labeled plastic buckets. Two hundred grams of matured 
compost was added to each bucket. Upon mixing, varied 
quantities of low density polyethylene granules were 
added to each of the respective buckets and labeled 
accordingly; 
Bucket A had no polyethylene granules added to it, thus, 
it served as the control.  
Bucket B contained 50g of polyethylene granules (0.83% 
treatment level). 
Bucket C contained 100g of polyethylene granules (1.67% 
treatment level). 
Bucket D contained 150g of polyethylene granules 
(2.50% treatment level) 
Bucket E contained 200g of polyethylene granules (3.33% 
treatment level). 
Bucket F contained both 200g of polyethylene granules 
and 50 g of laboratory grade starch (3.33% 71treatment 
level).  

The matured compost was obtained from Santua 
horticultural farm at Benin Lagos Expressway, Benin 
City, Edo State, Nigeria. The matured compost utilized 
was yard compost comprising of grass clippings, leaves 
and tree trimmings (Baldwin and Greenfield, 2006).  The 
low density polyethylene granules and laboratory grade 
starch were purchased from Rovet Chemicals, Benin City, 
Edo State, Nigeria. The soil treatments and control were 
incubated at the post graduate laboratory, Department 
Microbiology, University of Benin, Benin City, Edo State, 
Nigeria, for a 12 week period during which the 
microbiological and physic-chemical status of the soils 
were  evaluated at a two week interval.  
 

Determination of total heterotrophic bacterial, fungal 
and polyethylene utilizing bacterial counts  

One gram of the respective fresh soil samples were 
weighed and dissolved into 99 ml of sterile prepared 
peptone water diluent under aseptic conditions (Aneja, 
2003; Sharma, 2009). Serial fold dilutions were then made 
up to 10-6 and aliquots of each dilution were cultured on 
plates of Nutrient Agar (NA) and Potato Dextrose Agar 
(PDA) by pour plate method (Aneja, 2003; Sharma, 
2009). Plating was done in duplicates and the nutrient 
agar plates were incubated at 350C for 48 h while the 
potato dextrose agar plates were incubated at room 
temperature for 7 days.  A polyethylene based medium; 
sterilized modified mineral salt agar was used to 
determine the presence of polyethylene utilizing bacteria 
in the respective soil sample and treatments. The medium 
was supplemented with Nystatin (500 mg/ml) to inhibit 
fungal growth. The modified mineral salt agar plates were 
incubated at 350C for 48 h. The resultant discrete 
microbial colonies were counted and their colonial 
morphology noted. The bacterial and fungal colonies were 
sub cultured onto freshly prepared nutrient agar and 
potato dextrose agar plates and slants (Sharma, 2009). 
Relevant biochemical tests were conducted to ascertain 
the identity of the sub cultured bacterial isolates (Harley 
and Prescott, 2002: Sharma, 2009).  The results of the 
respective tests were collated and compared with 
reference tables as described by Cullimore (2000). Wet 
mount technique as described by Sharma (2009) was 
utilized in the identification of the sub-cultured fungal 
cultures. Both distilled water and lactophenol-cotton blue 
were utilized respectively as mountants. Structures 
observed were compared with standard identification keys 
(Barnett and Hunter, 1972). 
 

Physicochemical analysis of the bulked soil and soil 
treatments 

The physiochemical properties of the bulked soil and 
the treatments were determined. The samples were placed 
on large wooden trays and air-dried for 72 h. Lumps of 
moist soil samples were broken by hand prior to air drying 
of the samples. The air dried samples were also sieved 
using a 2 mm mesh. Parameters which included pH, bulk 
density and water holding capacity were evaluated using 
methods described by Karla and Maynard (1991). The 
particle size distribution of the bulked soil was ascertained 
using procedures stated by Skroch et al., (2006).  The 
Cation Exchange Capacity (CEC) and available 
phosphorus were determined according to methods stated 
by Onyeonwu (2000).  The Total Organic Carbon (TOC) 
and total Nitrogen of the samples was determined using 
methods described by Radojevic and Bashkin, (1999). The 
heavy metal content (Pb, Zn, Cd and Mn) of the air -dried 
bulked soil was evaluated using a Digester (Gerhardt 
digester, UK) and an Atomic Absorbance 
Spectrophotometer (AAS) (Buck Scientific model 210 
VGP USA). 
 

Statistical analysis  
Analysis of the variances of the mean microbial 

counts was conducted using SPSS version 16. Duncan 
multiple range test was also conducted to locate 
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significant differences in the mean counts. All the null 
hypotheses were tested at 5% probability level. 

 
RESULTS  

 
The results of the microbiological and physico- 

chemical analyses of the experimental soil prior to the 
addition of polyethylene enriched compost are shown in 
Table 1. The bacterial and fungal counts recorded for the 
experimental soil were 7.7×104 cfu/g and 8×103 cfu/g 
respectively. The soil sample was slightly acidic as 
reflected by the observed pH (6.9). The concentration of 
macro elements; Total organic carbon, total nitrogen and 
total phosphorus were 2.12%, 0.18% and 4.78 mg/kg 
(Table 1). The concentration of Cd, Pb and exchangeable 
cations were 0.05 mg/kg, 1.03 mg/kg and 7.74 meq/ 100 g 
respectively (Table 1). The analyzed soil was sandy and 
had a water holding capacity of 60% (Table 1). 

The mean heterotrophic bacterial counts of the 
control and polyethylene enriched compost treated soils 
ranged from 1.21×106 cfu/g for control at week 12 to 
2.92×106 cfu/g for treatment F at week 12  (Table 2). The 
mean fungal counts ranged from 1.7×104 cfu/g for the 
control at week 2  to 10.4×104 cfu/g for treatment F at 
week 12 (Table 3). There was a significant difference 
(P<0.05) in the mean heterotrophic bacterial and fungal 
counts from the respective soil samples. Counts from soil 
samples C, D and F were responsible for the significant 
difference (Table 2 and Table 3). The polyethylene 
utilizing bacterial counts  varied  from 0.4×102 cfu/g for 
control at week 2  to 7.8×102 cfu/g for treatment F at week 
12  (Table 4). Nine (9) heterotrophic bacterial and nine (9) 
fungal isolates were isolated and identified from the 
respective control and treated soils (Fig. 1 and 2).The 
microbial isolates were; Arthobacter sp., Acinetobacter 
sp., Bacillus sp., Klebsiella sp., Micrococcus sp., 
Streptococcus sp., Staphylococcus sp., Proteus sp., 
Pseudomonas sp., Aspergillus sp., Aspergillus niger, 
Aspergillus versicolor, Cladosporium sp., Mucor sp., 
Fusarium sp., Saccharomyces sp., Penicillium sp. and 
Trichoderma sp. Three polyethylene utilizing bacterial 
isolates were also identified; Bacillus sp., Pseudomonas 
sp. and Arthobacter sp. (Figure 3). Amongst the 
heterotrophic bacterial isolates, Bacillus sp. had the 
highest percentage of occurrence (100%) for all the soil 
samples) (Figure 1) whilst for the fungal isolates, Mucor 
sp. had the highest percentage frequency of occurrence 
(100% for all the soil samples) (Figure 2). 

The pH values of the control and treated soil samples 
ranged from 5.1 for treatment F at week 12 to 6.8 for the 
control at week 2 and 4 (Table 5). The soil treatments had 
total organic carbon values which ranged from 1.81 % for 
control at week 12 to 2.86% for treatment F at week 12 
(Table 6). Total nitrogen values recorded for the various 
treated and control soil samples ranged from 0.11% for 
control at week 12 to 1.11% for treatment F at week 12 
(Table 7). Available phosphorus values recorded for the 
respective soil treatments ranged from 4.21 mg/kg for 
control at week 12 to 7.83 mg/kg for treatment F at week 
12 (Table 8). Bulk density values recorded for the soil 
treatments ranged from 0.80 for treatment F to 0.93 for 
control whilst the water holding capacity values ranged 
from 60.0% for control to 82.0% for treatment F 
respectively (Table 9). 

 
 
Fig. 1: Percentage frequency of occurrence of the respective 
bacterial isolates. 
 

 
 
Fig. 2: Percentage frequency of occurrence of the fungal isolates. 
 

 
 
Fig. 3: Percentage frequency of occurrence of the polyethylene 
utilizing bacterial isolates. 
 

DISCUSSION 
 

The soil utilized in this study was mildly acidic and 
sandy loam (Table 1). Soil pH influences a number of 
factors affecting microbial activity, like solubility and 
ionization of inorganic and organic soil solution 
constituents, and these will in turn affect soil enzyme 
activity (Voroney, 2007).  Oyedele et al., (2008) reported 
that the textural class of a particular soil is mainly 
inherited from the soil forming materials.  Faoro et al., 
(2010) also stated that particle size distribution can affect 
the bacterial diversity of soils.   

Comparatively the culturable microbial load in the 
amended soils was higher than values recorded for the 
control soil during the incubation period (Tables 2, 3 and 
4). The addition of polyethylene enriched matured 
compost  to  the  respective  soils with the exception of the 
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Table 1: Microbial and physicochemical properties of the 
bulked soil prior to treatment 

Parameters Values
Microbiological  
Total heterotrophic count (cfu/g) 7.7×104 
Total fungal count (cfu/g) 8×103

Physicochemical  
pH 6.9 
Total organic carbon (TOC)(%) 2.12 
Total nitrogen (%) 0.18 
Total phosphorus (mg/kg) 4.78 
Zinc (mg/kg) 1.34 
Cation exchange capacity (CEC) (meq/100g) 7.74 
Cadmium (mg/kg) 0.05 
Lead (mg/kg) 1.03 
Bulk density (g/cm-3) 0.934 
Water holding capacity (%) 60.0 
Manganese (mg/kg) 3.91 
Particle size 
Clay (%) 29.3 
Sand (%) 68.0 
Silt (%) 16.0 

 
Table 2: Effect of polyethylene enriched compost on mean 
heterotrophic bacterial count 

Treatment  
(g) 

Weeks  (Count×106 cfu/g) 
2 4 6 8 10 12

A 1.27b 1.31b 1.37b 1.34b 1.34b 1.21b 
B 1.37b 1.45b 1.53b 1.74b 1.90b 2.11b 
C 1.42c 1.48c 1.70c 1.84c 2.02c 2.24c 
D 1.57c 1.61c 1.88c 1.94c 2.19c 2.48c 
E 1.28b 1.34b 1.48b 1.65b 1.80b 2.07b 
F 1.75c 1.86c 1.97c 2.14c 2.34c 2.92c 

Legend:  b: Means are not significantly different (P>0.05) from 
each other using DMR, c: Means are significantly different 
(P<0.05) from each other using DMR, A: Control (untreated soil 
325sample), B: 0.83% treatment level (50g of polyethylene 
granules to 6 kg of soil), C: 1.67% treatment level (100g of 
polyethylene granules to 6 kg of soil), D: 2.50% treatment level 
(150g of polyethylene granules to 6 kg of soil), E: 3.33% 
treatment level (200g of polyethylene granules to 6 kg of soil), 
F: 3.33% treatment level (200g of polyethylene granules and 50 
g of starch to 6 kg of soil).  
 

Table 3: Effect of polyethylene enriched compost on mean 
fungal count                    

Treatment  
(g) 

Weeks (Count×104 cfu/g) 
2 4 6 8 10 12 

A 1.7b 2.2b 2.8b 3.1b 2.9b 2.8b 
B 2.4b 2.7b 4.5b 4.7b 5.4b 6.2b 
C 3.0c 3.4c 5.5c 6.1c 6.7c 7.5c 
D 3.5c 4.0c 6.5c 7.1c 8.3c 9.2c 
E 1.8b 2.5b 4.8b 5.2b 6.1b 6.9b 
F 4.5c 5.3c 7.1c 8.4c 9.7c 10.4c 

Legend: b; Means are not significantly different (P>0.05) from 
each other using DMR, c; Means are significantly different 
(P<0.05) from each other using DMR A: Control (untreated soil 
sample), B: 0.83% treatment level (50g of polyethylene granules 
to 6 kg of soil), C: 1.67% treatment level (100g of polyethylene 
granules to 6 kg of soil), D: 2.50% treatment level (150g of 
polyethylene granules to 6 kg of soil), E: 3.33% treatment level 
(200g of polyethylene granules to 6 kg of soil), F: 3.33% 
treatment level (200g of polyethylene granules and 50 g of 
starch to 6 kg of soil).  
 
control may have exponentially increased the microbial 
population of the affected soils. This is not surprising 
given the fact that composts are known to contain an 

abundance of successive  microflora such as thermophilic 
bacterial species i.e., Bacillus spp., actinomycetes, 
cellulolytic and lignin degrading fungi which include 
Mucor spp. and  Absidia spp. (Smith and Collins, 2007; 
Hubbe et al., 2010). The concomitant increase in the 
counts of polyethylene utilizing bacteria from the treated 
soils during the incubation weeks (Table 4) could suggest 
that some of the soil autochthonous microflora were able 
to utilize the polyethylene granules as carbon source. The 
addition of starch to the polyethylene enriched compost 
could have accelerated the biodegradation of the 
polyethylene granules by groups of microorganisms 
present within the soil-compost mix during the incubation 
period (Table 4). The observed positive effect of starch on 
the biodegradation has been collaborated by Vijaya and 
Reddy (2008) who reported that the hydrophobicity of 
polyethylene film is the main reason for its resistance to 
degradation by microbial enzymatic systems. However, if 
these films are starch based polyethylene films, the 
presence of starch permits water adsorption and provides 
suitable conditions for microbial colonization and 
degradation of starch and esters resulting in the 
disintegration of these films. They also reported that 
composting of both high density and low density 
polyethylene films in soil resulted in the biodegradation of 
these films irrespective of their type. Karlsson et al. 
(1988) also reported that the biodegradability rate of 
blends of low density polyethylene and rice or potato 
starch was enhanced when the starch content exceeded 
10% (w/w). Comparatively there were differences 
between the microbial counts recorded for the bulked soil 
prior to treatment and the soil treatments (Tables 1, 2 and 
3). This phenomenon might be the result of the 
heterogeneity of the bulked soil and the amendment of 
portions of the soil with matured yard compost mixed 
with varying amounts of low density polyethylene 
granules. The preliminary recovery of polyethylene 
utilizing bacterial counts from the untreated soil (Table 4) 
might reflect the fact that irrespective of the presence or 
addition of low density polyethylene granules to soil, 
bacterial species capable of using polyethylene as sole 
carbon source are present in soil.  Bacillus sp. was the 
most dominant bacterial isolate as it occurred in all the 
soil treatments during the  incubation period (Figure 1), 
this is not surprising as it is widely distributed particularly 
in soils, and is capable of survival in spore form or even 
of growth at environmental extremes (Turnbull and 
Krammer, 1995). Amongst the fungal isolates, Mucor sp. 
was the most frequently isolated (Figure 2). This could be 
attributed to the fact that Mucor sp. is a common 
inhabitant of the soil (Alexopolulos et al., 1996). El-
Shafei et al., (1998) reported that thermally treated 
polyethylene film incubated with Mucor sp resulted in a 
60% reduction in tensile strength. The isolation and 
identification of polyethylene utilizing Bacillus sp., 
Pseudomonas sp. and Arthobacter sp from the respective 
soil treatments (Figure 3) is in agreement with reports by 
Sudhakar et al. (2008); Arutchelvi et al. (2008); Nanda 
and Sahu, (2010); Nanda et al. (2010).  

There was a steady reduction in the pH readings of 
the soil treatments and control as the culturable microbial 
counts increased (Tables 2, 3, 4 and 5). This trend could 
indicate  that  there  was  a  direct relationship between the 
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Table 4: The Polyethylene utilizing bacterial counts from the 
treated and control soil samples 

Treatment  
(g) 

Weeks (Count×102 cfu/g)
2 4 6 8 10 12

A 0.4 0.7 1.3 1.8 2.3 2.6
B 1.2 2.3 2.8 3.5 4.4 5.0
C 2.4 3.8 3.5 4.0 5.2 6.3
D 3.2 4.1 4.2 4.7 6.0 7.2
E 2.2 3.1 3.7 4.1 4.5 5.1
F 3.8 4.7 5.0 5.7 6.7 7.8

Legend: A: Control (untreated soil sample), B: 0.83% treatment 
level (50g of polyethylene granules to 6 kg of soil), C: 1.67% 
treatment level (100g of polyethylene granules to 6 kg of soil), 
D: 2.50% treatment level (150g of polyethylene granules to 6 kg 
of soil), E: 3.33% treatment level (200g of polyethylene granules 
to 6 kg of soil), F: 3.33% treatment level (200g of polyethylene 
granules and 50 g of starch to 6 kg of soil). 
 
Table 5: The pH readings of the treated and control soils 

Treatment  
(g) 

Weeks 
2 4 6 8 10 12

A 6.8 6.8 6.7 6.6 6.6 6.4
B 6.3 6.2 6.1 5.9 5.6 5.4
C 6.3 6.2 6.0 5.9 5.4 5.3
D 6.2 6.1 5.9 5.7 5.4 5.3
E 6.2 6.1 5.8 5.6 5.3 5.2
F 6.1 5.8 5.5 5.3 5.3 5.1

Legend: A: Control (untreated soil sample),  B: 0.83% treatment 
level (50g of polyethylene granules to 6 kg of soil), C: 1.67% 
treatment level (100g of polyethylene granules to 6 kg of soil), 
D: 2.50% treatment level (150g of polyethylene granules to 6 kg 
of soil), E: 3.33% treatment level (200g of polyethylene granules 
to 6 kg of soil), F: 3.33% treatment level (200g of polyethylene 
granules and 50 g of starch to 6 kg of soil). 
 
Table 6:  The Total Organic Carbon (TOC) values of the treated 
and control soils 

Treatment  
(g) 

Weeks 
2 4 6 8 10 12

A 2.12a 2.11 2.08 2.03 1.94 1.81
B 2.14 2.18 2.31 2.40 2.47 2.54
C 2.14 2.20 2.44 2.49 2.53 2.61
D 2.15 2.23 2.47 2.52 2.60 2.68
E 2.17 2.30 2.60 2.67 2.73 2.77
F 2.20 2.36 2.64 2.78 2.80 2.86

Legend: a: values are in percentages, A: Control (untreated soil 
sample), B: 0.83% treatment level (50g of polyethylene granules 
to 6 kg of soil), C: 1.67% treatment level (100g of polyethylene 
granules to 6 kg of soil), D: 2.50% treatment level (150g of 
polyethylene granules to 6 kg of soil),  E: 3.33% treatment level 
(200g of polyethylene granules to 6 kg of soil), F: 3.33% 
treatment level (200g of polyethylene granules and 50 g of 
starch to 6 kg of soil). 
 
Table 7: The Total Nitrogen values of the treated and control soils 

Treatment  
(g) 

Weeks 
2 4 6 8 10 12

A 0.22a 0.21 0.18 0.15 0.14 0.11
B 0.25 0.37 0.53 0.60 0.63 0.66
C 0.27 0.43 0.57 0.64 0.67 0.71
D 0.27 0.47 0.60 0.71 0.78 0.85
E 0.29 0.56 0.66 0.77 0.83 0.88
F 0.32 0.59 0.74 0.93 1.01 1.11

Legend: a: values are in percentages, A: Control (untreated soil 
sample), B: 0.83% treatment level (50g of polyethylene granules 
to 6 kg of soil), C: 1.67% treatment level (100g of polyethylene 
granules to 6 kg of soil), D: 2.50% treatment level (150g of 
polyethylene granules to 6 kg of soil), E: 3.33% treatment level 
(200g of polyethylene granules to 6 kg of soil), F: 3.33% treatment 
level (200g of polyethylene granules and 50 g of starch to 6 kg 
of soil). 

Table 8:  The Available phosphorus values for the treated and 
control soils   

Treatment 
(g) 

Weeks 
2 4 6 8 10 12 

A 4.78a 4.54 4.39 4.34 4.28 4.21 
B 5.32 5.51 6.13 6.42 6.51 6.59 
C 5,62 5.77 6.43 6.45 6.63 6.70 
D 5.86 5.96 6.48 6.59 6.68 6.79 
E 6.01 6.02 6.52 6.60 6.78 6.96 
F 6.32 6.10 7.11 7.38 7.56 7.83 

Legend: a: values are in mg/kg,  A: Control (untreated soil 
sample), B: 0.83% treatment level (50g of polyethylene granules 
to 6 kg of soil),  C: 1.67% treatment level (100g of polyethylene 
granules to 6 kg of soil),  D: 2.50% treatment level (150g of 
polyethylene granules to 6 kg of soil),  E: 3.33% treatment level 
(200g of polyethylene granules to 6 kg of soil), F: 3.33% 
treatment level (200g of polyethylene granules and 50 g of 
starch to 6 kg of soil). 
 
Table 9: Effects of polyethylene enriched compost on the bulk 
density and water holding capacity 369of the soils at week 12 

Treatment  
(g)

Bulk density 
(g/cm-3)

Water holding capacity 
(%)

A 0.93 60.0 
B 0.90 69.0 
C 0.89 72.0 
D 0.86 76.0 
E 0.92 61.0 
F 0.80 82.0 

Legend: A: Control (untreated soil sample), B: 0.83% treatment 
level (50g of polyethylene granules to 6 kg of soil),  C: 1.67% 
treatment level (100g of polyethylene granules to 6 kg of soil), 
D: 2.50% treatment level (150g of polyethylene granules to 6 kg 
of soil), E: 3.33% treatment level (200g of polyethylene granules 
to 6 kg of soil), F: 3.33% treatment level (200g of polyethylene 
granules and 50 g of starch to 6 kg of soil). 
 
microbial activity and the pH value of the affected soils. 
The steady increment in the organic carbon values of the 
polyethylene enriched soils was directly proportional to 
the treatment levels used in this study (Table 6). The 
highest soil organic carbon values were recorded for soil 
treated with polyethylene and starch enriched compost 
(Table 6). These trends might suggest that the 
polyethylene granules were attacked by various groups of 
micro-organisms within both the compost and soil 
microenvironments. The total organic carbon (TOC), 
nitrogen and phosphorus levels of the soil prior to 
treatment were lower than levels of these macro elements 
in the respective soil treatments especially at the 12th week 
of incubation (Tables 1,  6, 7 and 8). This trend could also 
be attributable to the effect of the addition of polyethylene 
enriched compost to the respective soils. Smith and 
Collins (2007) also reported that the addition of compost 
to soils can increase the soil’s organic matter and 
concentration of other macro nutrients (Nitrogen, 
Phosphorus and Sulphur). However, the concentration of 
these macro elements were lower in the control soil at the 
12th week (Tables 6, 7 and 8) in comparison to 
concentration levels recorded at both the 2nd  week of 
incubation (Table  6, 7 and 8) and the initial 
physicochemical evaluation of the soil (Table 1). This 
trend could be reflective of the metabolic activities of the 
soil microflora on the untreated soil during the incubation 
period in the absence of polyethylene enriched compost 
application. In spite of the degradation of the polyethylene 
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granules by some of the soil and compost microflora, 
residual polyethylene granules may have reduced the soil 
pore size (porosity), water holding capacity and increased 
the bulk density of the soil (Table  9). There was a direct 
relationship between the quantity of polyethylene granules 
added to each soil treatment and the resultant reduction in 
bulk density and increase in water holding capacity in 
comparison to the control soil (Table 9). Also, despite the 
fact that 200 g of polyethylene granules was added to soil 
treatment E and F, the addition of starch to treatment F 
could have mitigated the negative effects on bulk density 
and water holding capacity of the soil resulting from the 
mixing of 200 g of polyethylene granules and compost 
with the soil sample as observed for soil treatment E 
(Table 9). Maynard (2000) reported that the increased 
organic matter content of compost amended soils has a 
direct effect upon the bulk density. Reduced bulk density 
of soils enables plant roots to penetrate more readily and 
scavenge a greater volume for nutrient (Maynard, 2000). 
 

Conclusion 
The addition of polyethylene enriched compost to the 

respective soils had a positive impact on the microbial 
density of the soils. It also increased the concentration of 
several essential elements (carbon, nitrogen and 
phosphorus) in the respective soils. However, the quantity 
of polyethylene granules added and the presence of starch 
were important factors which affected the density of the 
culturable soil microflora. Composting can be utilized as 
an eco-friendly approach in the disposal of low density 
polyethylene based waste materials. It is recommended 
that further research on the potentials of compost 
stimulated biodegradation of high density polyethylene 
should be conducted. 
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