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Abstract 
The aim of this study was to isolate the bacteria capable of degrading pendimethalin herbicide in mineral 

salt medium from pesticides polluted soil. The present study was conducted in Aquatic Environment and 

Health Management Division, ICAR-Central Institute of Fisheries Education, Versova, Mumbai, India in 

the month of August 2015. A pendimethalin degrading bacterial isolates were isolated from contaminated 

soil samples through enrichment culture technique. The bacterial isolates were identified and 

characterized as Bacillus cereus and Asaccharospora irregularis based on biochemical characteristics 

and 16SrRNA sequence analysis. The growth of the isolates was assessed in mineral salt medium (MSM) 

containing 1 mg/l of pendimethalin. Both the bacterial isolates can grow up to 500 mg/l of pendimethalin 

concentration. Pendimethalin was incubated with each of the two isolated bacteria and samplings were 

done at 0, 7, 14, 21 and 28 days for gas chromatographic analysis in which the loss in the initial 

pendimethalin concentration was recorded over time. Out of the two bacterial isolates, Bacillus cereus 

was able to degrade the initial amount to 92 mg/l after an incubation period of 28 days and 

Asaccharospora irregularis degrades up to 78 mg/l after 28 days incubation. This study showed that 

degradation of pendimethalin occurred at a higher rate when bacterial isolates were incubated. Thus, the 

isolates, Bacillus cereus, and Asaccharospora irregularis could be effectively applied to remediate 

pendimethalin contaminated environment.   

 

Keywords: Biodegradation, pendimethalin, bacteria, pesticide contaminated soils 

 

Introduction 
Pendimethalin [N-(1-ethylpropyl)-3, 4-dimethyl-2, 6-dinitrobenzenamine] is a widely used 

synthetic herbicide used for the selective control of most annual grasses and broad-leaved 

weeds in a number of crop and non-crop areas and on residential lawns and ornamentals. This 

herbicide is applied as pre-emergence, pretransplant or early post-emergence herbicide for 

many crops including cereals, onions, garlic, maize, sorghum, rice, soybeans, peanuts, carrots, 

celery, peas, field beans, potatoes, cotton, citruses, lettuce, transplanted tomatoes and 

sunflower [1]. Pendimethalin inhibit plant cell division step which is responsible for 

chromosome separation and cell wall formation. It is used before crop emergence or planting 
[2]. The inhibition of root and shoot growth results in stunting of aerial plant portions [3]. U.S 

Environmental Protection Agency has classified pendimethalin as persistent bio-accumulative 

toxicant [4]. The chemicals also have the ability to bioaccumulate and biomagnify and can 

bioconcentrate up to 70,000 times their original concentrations [5]. It is of low volatility, 

mobility in the soil as well as water solubility [6]. It is strongly adsorbed by moist soil, 

practically insoluble in water and thus does not leach appreciably in moist soil [7]. It contains 

dinitroanilines, which could result in the formation of the carcinogenic nitrosamines [8]. 

Pendimethalin is also highly toxic to fish and aquatic invertebrates [9]. The use of 

pendimethalin may adversely affect endangered species of terrestrial and semi-aquatic plants 

and invertebrates [10]. While applying pendimethalin to the soil care should be taken so to 

minimize the possible injury to sensitive rotation crops. It is very much essential to develop 

methodologies to prevent pesticide contamination from point sources. Microorganisms can use 

a variety of xenobiotic compounds including pesticides for their growth, mineralize and 

detoxify them [11]. Abdelbagi et al. [12, 13] first argued the potential use of indigenous soil 

microorganisms in cleaning pesticides polluted soil and dump sites. The use of microbes in the 

bioremediation and detoxification of many toxic xenobiotics, especially toxic pesticide is an  
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efficient tool for the remediation of contaminated sites in the 

environment [14]. Bioremediation is the use of microorganisms 

or their enzymes to break down and thereby detoxify 

dangerous chemicals in the environment [15]. It plays a major 

role in making the environment clean from pollutants and 

contamination [16]. Soil microorganisms which are repeatedly 

exposed to pesticides may develop new capabilities to 

degrade such chemicals [17]. There are some reported works 

on pendimethalin degradation by microorganisms including 

Bacillus circulans, B. megaterium, Phanerochete 

chrysosporium, and Pseudomonas resinovorans [18-21]. Thus 

this study was aimed at finding efficient indigenous bacteria 

which can withstand a high concentration of pendimethalin so 

the same isolate could be efficiently employed for 

bioremediation of pendimethalin in contaminated sites. 

 

2. Materials and Methods 

2.1 Experimental location 

The experiment was carried out in Aquatic Environment and 

Health Management Division, ICAR-Central Institute of 

Fisheries Education, Versova, Mumbai, India in the month of 

August 2015. 

  

2.2 Pesticide used 

The analytical standard of the herbicide, pendimethalin 

(99.8% pure) was purchased from SIGMA, Genex Life 

Sciences Pvt. Ltd., Mumbai, India. 

 

2.3 Media  

Mineral salt medium (MSM) enriched with pendimethalin 

was used for the isolation and characterization of 

pendimethalin degrading bacteria. The carbon source in MSM 

was replaced by pendimethalin. The MSM was prepared 

following the method described by Tepper et al., [22]. 1 g 

K2HPO4, 0.5 g MgSO4.7H2O, 0.5 g NaCl, 0.001 g 

FeSO4.7H2O, 0.001 g MnSO4.4H2O, 0.05 g CaCO3 were 

added to the conical flask and then the volume was completed 

to one liter by adding distilled water.  

 

2.3 Isolation of Pendimethalin Degrading Bacteria 

Enrichment cultures of microorganisms capable of degrading 

pendimethalin were collected from the different agricultural 

field of Maharashtra, India. The soil samples were air-dried, 

homogenized and passed through a 2.0 mm mesh sieve to 

remove stones and plant debris. 10 g of soil sample were 

taken in a conical flask containing 100 ml of mineral salt 

medium (MSM) supplemented with 1 mg/l pendimethalin and 

incubated at 30 0C on a rotary shaker at 200 rpm. After 5 days 

of incubation, the enriched medium was serially diluted and 

0.1 ml of aliquots were plated on nutrient agar plates 

supplemented with 1 mg/l pendimethalin for the isolation of 

bacterial cultures. Morphologically different types of colonies 

were streaked for their purification on nutrient agar plates 

containing 1 mg/l pendimethalin. Then all the isolates were 

screened for their capability to grow at 50, 100, 150, 200 mg/l 

and up to 500 mg/l pendimethalin.  

 

2.4 Biochemical characterization 

The identification of pendimethalin resistance bacteria was 

carried out according to Berger’s Manual of Systematic 

Bacteriology [23]. The bacterial isolates were subjected to 

biochemical tests such as catalase test, oxidase test, motility 

test, glucose test and oxidative-fermentative test.  

 

2.5 Amplification of 16S rDNA Gene and Sequence 

Analysis 
The extraction of genomic DNA was done from overnight 

grown cultures using Nucleo-pore® gDNA Fungal/Bacterial 

Mini Kit (Genetix Biotech Asia Pvt. Ltd., New Delhi). The 

16S rDNA gene was amplified from 1µl purified genomic 

DNA using a polymerase chain reaction (Applied Biosystems, 

USA) with the following set of primers: 5’ AGAGTTTGAT 

CMTGGCTCAG 3’ and 5’ CGGTTACCTT GTTACGACTT 

3’. The 100 μl PCR reaction composed of 10 μl 10X Taq 

polymerase buffer, 0.5 μM Forward primer (27F), 0.5 μM 

Reverse primer (1492R), 0.5 mM dNTPs, 1 Unit Taq DNA 

polymerase, 10 ng DNA templates and Double distilled water 

to make up the volume to 100 μl. The PCR was performed 

with initial denaturation at 920C for 2 min followed by 35 

temperature cycles as follows: 940C for 4 min, 940C for 40 s, 

510C for 45 sec, 720C for 1 min and a final extension at 720C 

for 7 min. The amplicons were purified with the Gen Elute 

Gel Extraction Kit (Genex Life Sciences Pvt. Ltd., Mumbai, 

India) following the protocol provided by the supplier, and 

amplicons were sent to Xcelris Genomic Labs, Ahmedabad 

for sequencing. The sequences were compared against the 

available DNA sequence in GenBank 

(http://www.ncbi.nlm.nih.gov/) using Basic Local Alignment 

Search Tool (BLAST). The sequences were aligned using 

chromas software.  

 

2.6 Microbial degradation of pendimethalin in Mineral 

Salt Medium 

The aim of this experiment was to identify and assess the 

ability of the isolated bacterial strains which degrade 

pendimethalin in Mineral Salt Medium. A total of 75 clean 

sterilized test tubes were used. In each test tube, 10 ml of 

MSM and 1 ml of inoculum were added along with 500 mg/l 

pendimethalin. The cultured test tubes were incubated at 30oC 

for 0, 7, 14, 21 and 28 days in a rotatory incubator. The 

experimental units were arranged in a completely randomized 

design (CRD) with three replicates. Control sets were 

maintained under the same conditions without bacterial 

inoculum. 

  

2.7 Gas chromatography with mass spectroscopy (GC-

MS) analysis 

The sample preparation for GC-MS was carried out by the 

described method of Sharef et al., 2013 [24]. Six samples were 

analyzed using a Shimadzu GC-Ms Qp2010 system (Japan) 

with an AOC-5000 auto sampler. The gas chromatograph was 

fitted with Rtx5-Ms capillary column 30 m x 0.25 mm id, 

0.25 μm film thicknesses from Restek (U K). Helium (purity 

> 99.999%) was used as a carrier gas at a flow rate of 1.33 

mL minute-1. The splitless injection temperature was 200 0C. 

The oven temperature was programmed from an initial 

temperature of 100 0C (held for 3 min) to 200 0C at 10 
0C/min, then increased by 3 0C per minute to 230 0C (held for 

5 min.) and finally increased by 5 0C per minute to 300 0C and 

held for 3 minutes. The mass spectrometer was operated with 

electron impact (EI) source in the scan mode. The electron 

energy was 70 eV, and the interface temperature was 

maintained at 280 0C. The solvent delay was set to 2 minutes. 

 

2.8 Statistical analysis 

The data were calculated as the arithmetic mean ± standard 

error (SE). Statistical analysis of data involved one-way 

analysis of variance (ANOVA) at 5% level of significance. 



Journal of Entomology and Zoology Studies 
 

~ 1844 ~ 

Post hoc test was carried out using Duncan’s multiple 

comparison procedures, if they were significantly different. 

The software programme SPSS Version 16.0 was used for the 

analysis. 

 

3. Results 

3.1 Isolation and screening of Pendimethalin Degrading 

Bacteria 

Six pendimethalin degrading bacterial isolates were obtained 

from different soil samples and they were represented as S1 to 

S6. All the bacterial isolates showed growth on nutrient agar 

containing pendimethalin up to 1 mg/l. At last, two highly 

efficient pendimethalin degrading bacteria were selected 

according to their growth on 500 mg/l standard 

pendimethalin. Only S1 and S2 were selected for further 

degradation studies. 

 

3.2 Characterization and identification of microbial 

isolates 

Gram staining and biochemical test were done with Bergey’s 

Manual of Determinative Bacteriology. The results of gram 

staining and biochemical test (catalase, oxidase, oxidative-

fermentative, motility test) were shown in Table 1. It was 

found that the isolates S1 and S2 are Bacillus cereus and 

Asaccharospora irregularis respectively. 

  

3.3 Amplification of 16S rDNA Gene Sequence and 

Phylogenetic Analysis  

NCBI blast search analysis confirmed that, the isolated 

bacteria were Bacillus cereus strain ARCHA-01 and 

Asaccharospora irregularis strain CHIROM-02. The PCR 

products of 16S rDNA were about 1500 bp after an Agarose 

gel electrophoresis was run and it was demonstrated that the 

16S rDNA PCR products S1 and S2 were 1440bp and 1112bp 

respectively by sequencing. 

Phylogenetic and evolutionary analysis of the 16S rDNA 

sequence revealed that, Bacillus cereus strain ARCHA-01 

shared at 99% and Asaccharospora irregularis strain 

CHIROM-02 100% similarity to other (Fig. 1 & Fig 2). The 

sequences were deposited in NCBI database, the strain name 

and gene bank accession numbers were; Bacillus cereus strain 

ARCHA-01MH507250.1 and Asaccharospora irregularis 

strain CHIROM-02 MH507251.1. Phylogenetic analysis 

based on the 16S rDNA gene is universally used and 

considered as an appropriate tool for the reconstruction of 

evolutionary history and phylogenetic. 

  

3.4 Pendimethalin degradation after incubation with two 

strains of bacteria in Mineral Salt Medium (MSM) 

In the present study, the initial pendimethalin concentration 

(500 mg/l) remarkably declined with increasing incubation 

period in the medium inoculated with Bacillus cereus and 

Asaccharospora irregularis, whereas in medium without 

inoculated bacteria displayed less degradation of 

pendimethalin (Fig 3). In media with Bacillus cereus, the rate 

of pendimethalin disappearance was 232, 158, 131 and 92 

mg/l after 7, 14, 21 and 28 days of incubation period 

respectively, and in media with Asaccharospora irregularis, 

the pendimethalin disappearance rate was 217, 133, 97 and 78 

mg/l 7, 14, 21 and 28 days incubation respectively. The 

microbial degradation of pendimethalin was measured by GC-

MS. It was observed that as incubation time increases, 

pendimethalin degradation rate increases. The isolated 

bacteria showed capability in degrading pendimethalin in the 

mineral salt medium. The bacterial isolates, Bacillus cereus 

and Asaccharospora irregularis showed higher degradation 

rate of pendimethalin after 28 days of incubation periods. 

While in control where bacteria were not inoculated, the rate 

of pendimethalin degradation occurred in the very slow 

process.  

 
Table 1: Biochemical test of S1 and S2 Isolate from soil samples 

 

Serial no. Test S1 S2 

1 Gram staining + rod +rod 

2 Catalase + + 

3 Oxidase - - 

5 Oxidative fermentative (OF) test ± - 

6 Motility Non-Motile Motile 

7 Glucose + - 

Note: +, positive; -, negative; ±, partial positive. 

 
Table 2: Concentration of Pendimethalin (mg/l) following incubation with Bacillus cereus and Asaccharospora irregularis in the mineral salt 

medium at different time intervals 
  

Incubation period 

(days) 

Bacillus cereus Asaccharospora irregularis 

Concentration (mg/l) Concentration (mg/l) 

0 500a±0.00 500a±0.00 

7 232b±0.02 217b±0.01 

14 158b±0.01 133c±0.03 

21 131c±0.02 97d±0.01 

28 92c±0.01 78d±0.02 

Means followed with the same letter(s) in the same column are not significantly different at p ≥ 0.05. 
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Fig 1: Nucleotides homology and phylogenetic analysis of the microbe based on 16S rRNA gene sequence data compare with 

other Bacillus cereus in the database 

 

 
 

Fig 2: Nucleotides homology and phylogenetic analysis of the microbe based on 16S rRNA gene sequence data compare with other 

Asaccharospora irregularis in the database 

 

 
 

Fig 3: Pendimethalin dissipation by Bacillus cereus and Asaccharospora irregularis in the mineral liquid medium at different time intervals 
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Fig 4: Mass spectrum of Pendimethalin GC-MS 

 

4. Discussion 

The application of pendimethalin promotes the evolution of 

microorganisms that are capable of degrading this xenobiotic 

compound in the soil [25]. Successful removal of pesticides by 

the addition of bacteria had been reported earlier for many 

compounds, including coumaphos [26], ethoprophos [27] and 

atrazine [28]. Chaudhry and Ali [25] also reported that 

actinomycetes have considerable potential for the bio-

transformation and biodegradation of pesticides. Members of 

this group were Gram-positive bacteria and have been found 

to degrade pesticides with widely different chemical 

structures including organochlorines, s-triazines, triazinones, 

carbamates, organophosphates, organophosphonates, 

acetanilides, sulfonylureas and herbicide metolachlor [29, 30]. 

Bacterial degradation of pendimethalin is dependant not only 

on culture conditions, but also on strains of bacteria present 
[31]. In the present study, Pendimethalin degrading 6 bacterial 

isolates were isolated from different pesticides polluted soil 

under the condition of the mineral salt medium was studied in 

laboratory conditions. The identification of isolates was done 

by various biochemical tests as well as based on 16S rDNA 

gene sequence analysis. All the isolates were tested for 

Minimum Inhibitory Concentration (MIC) and out of 6 

isolates, Bacillus cereus and Asaccharospora irregularis were 

able to grow up to 500 mg/l pendimethalin concentration. The 

current study agrees with the Megadi et al. [18], Belal and El-

Nady [32] and Aboulila et al. [21] who reported the isolation and 

characterization of different bacterial strains isolated from 

pesticides polluted soil capable of degrading pendimethalin in 

the mineral salt medium through an enrichment culture 

technique. Ishag et al. [33] reported the biodegradation of 

endosulfan (α and β) and pendimethalin by Bacillus safensis 

strain FO-36bT, Bacillus subtilis subsp. inaquosorum strain 

KCTC 13429T and Bacillus cereus strain ATCC14579T 

isolated from pesticides-polluted soil was studied in the 

mineral salt medium. Bacillus cereus and Asaccharospora 

irregularis reduced the half-life of pendimethalin to 6.9 days 

and 5.4 days respectively. Similarly, Belal and Hassan [19] 

reported pendimethalin removal by B. megaterium from a 

mineral liquid medium with of 5.6 days in treated mineral 

liquid medium. This can be considered as a very significant 

reduction when compared to the reported half-lives (30-90 

days) of pendimethalin in soil [34]. Okerentugba and Ezeronye 
[35] reported Bacillus as degraders of many organics 

compounds such as petroleum products. Megadi et al. [18] also 

state that the Bacillus species are known to be versatile in 

degrading a wide variety of aromatic compounds in the 

natural environment. Pendimethalin was reported to be 

degraded in soil by many microorganisms such as bacteria: 

Bacillus megaterium, Pseudomonas sp., Pyricularia sp., 

Rhizobium sp., Trichoderma viride [10] and fungi: Fusarium 

oxysporum, Paecilomyces variotii, and Rhizocotonia 

bataticola [36].  

Despite the remarkable drop in the starting material, no 

metabolites were detected in both Asaccharospora irregularis 

and Bacillus cereus cultures. The absence of detectable levels 

of breakdown products on pesticides biodegradation studies 

involving bacteria and fungi was reported by many authors [37, 

24, 33, 38]. To our knowledge, this is the first report of an 

Asaccharospora irregularis that is capable of degrading 

pendimethalin. The current study shows the significant 

potential of Bacillus cereus and Asaccharospora irregularis 

isolated from pesticide-polluted soils in degrading 

pendimethalin under the conditions of the mineral salt 

medium. On the basis of current report and the previous 

findings [39-42, 24, 35, 33], the utilization of microorganism in 

bioremediation of pesticides polluted soils can be argued and 

also fair enough to carry a further investigations on the area 

like effects of environmental factors such as temperature, pH 

on soil media on the rate of pesticides degradation. Studies 

related to the isolation and characterization of enzymes or 

genes involved in this process needs to be included in future 

work. The role of other indigenous microorganisms in 

biodegradation study of pesticides also deserves future work.  

 

5. Conclusion 

In the present study, two bacterial isolates were isolated from 

contaminated soils and they were identified as Bacillus cereus 

and Asaccharospora irregularis. The two bacterial isolates 

have efficient degradation capability of pendimethalin, 

herbicide and used it as a sole source of carbon. The 

utilization of xenobiotic compounds by soil microorganisms 

is one of the important mechanisms for these compounds to 

be removed from the natural environment resulting in 
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pollution free environment. Results from the present study 

showed that the bacterial isolates were able to grow up to 500 

mg/l pendimethalin concentration and also indicated that 

more than 90% of the pendimethalin amount were degraded 

in the media inoculated with Bacillus cereus and 

Asaccharospora irregularis after 28 days of incubation time. 

Therefore, the isolated bacterial samples may be useful for 

bioremediating the pesticide contaminated environment. 
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