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Abstract: The free cells of microorganisms generally not succeed to degrade pollutants; thus, extra treatments are 

alluring to make strides biodegradation. This study represents the capability of sugarcane-bagasse as immobilizing 

support for biodegradation of atrazine. A novel bacteria Bacillus encimensis ABP8 isolated from atrazine contaminated 

soil was immobilized on baggase, which was able to degrade over 75 % of atrazine with concentrations ranges from 25 to 

200 mg/L in 10 days. Scanning electron microscope (SEM) images appeared that after immobilization the bacterial cells of 

Bacillus encimensis ABP8 were totally retained and entirely distributed on the surface of sugarcane bagasse. Bacteria 

immobilized on 72 and 16 mesh size bagasse resulted 84.35 % and 80.64 % of atrazine degradation, showing imperative 

part of immobilization, upgrading biodegradation activity. Experimental results showed that atrazine could be degraded 

at a wide range of physicochemical parameters viz. pH (5.0 to 8.0), temperatures (25 to 35 °C) and atrazine concentrations 

ranging 50 to 200 mg/kg in soil. Microcosm experiment exhibits over 70 % of soil atrazine degradation in 14 days with 

immobilized bacterial cells, underlines that sugarcane bagasse might be a better bacteria-immobilizing support to improve 

the biodegradation effectiveness of Bacillus encimensis ABP8  isolate against atrazine herbicide. 
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I. INTRODUCTION 
Atrazine [2-chloro-4-(ethylamino)-6-(isopropylamino)- 1,3,5-triazine], a subsidiary of the S-triazines is the most regularly utilized 

herbicide in the world, controlling broad-leaf and lush weeds in sugarcane, maize, sorghum and other crops. It is very diligent in 

impartial environment that makes toxicity to various living organisms like algae, aquatic plants, insects, fishes, and mammals [1, 

2]. Because of high mobility and persistence in soil, it has frequently been identified in surface and ground water at 
concentrations well over the reasonable limits and hence considered as a potential environmental contaminant and 

absolutely considered as most noticeably awful ground water contamiants [3].  

Amongst the predominant physical, chemical, and biological strategies to expel atrazine from soil and water [4], the biological 

processes have preferences over others [5-7]. Compared with conservative procedures, it is permanent, cost-effective, 

environment friendly and non intrusive to common biological system [8, 9]. Hence, in both industry and academia the 

biodegradation of chemical contaminants at ecologically related concentrations draws in interest [10]. On the other hand, most 

recent researches have demonstrated that a various microorganisms are able to convert herbicides into nontoxic inorganic 

compounds [11,12], the enhancement in survival and  movement of connected organisms, and their immobilization plays a vital 

part in long-term stabilization and effective application of the methodologies for remediation of different contaminants [13-15]. In 

general, the execution of immobilized arrangements is administrated by the properties of both the enzyme and the support 

material which would largely improve the stability and movement of the immobilized composites [16]. Water-insoluble 
polysaccharides such as cellulose, agarose, chitosan and starch have been broadly utilized in constructing support material for 

enzyme immobilization [17].  

Sugarcane bagasse is an abundant, eco-friendly, and low-cost lignocellulosic biomass which has been broadly utilized in 

bioethanol generation as a competent source of carbohydrates for microbial tansformation [18, 19]. Various chemical pre-

treatment procedures and microbial fermentation were conducted [20-22], which unequivocally delineates the biocompatibility of 

sugarcane bagasse by means of diverse organisms. Sugercane bagasse also has the prospective role in remediation of dye or 

phenol, because of its natural porous structure [23, 24]. In this manner, the possibility of sugarcane bagasse serving as an 

immobilizing support was commendable of profound examination, which would further expand the utilization of bagasse in 

biotechnology. On the other hand, the basic and biocompatible focal points of sugarcane bagasse were anticipated to provide a 

step forward in contaminant biodegradation by dynamic organisms.  In present study, the degradation of Atrazine by Bacillus 

encimensis ABP8 was examined with free and sugarcane baggase immobilized cells in varied small scale environmental 

condition which could pave way to plan superior procedure for atrazine biodegradation. 
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II. MATERIALS AND METHODS 

2.1.  Chemicals 

Analyical grade Atrazine (>98 % purity) and methanol was obtained from Sigma-Aldrich, USA. Atrazine was dissolved in 

methanol at a stock concentration of 100 mg/L and stored at 4 °C prior to use. To conduct this, all erstwhile analytical grade 

solvents and chemicals were purchased from Himedia Laboratories, India.  

2.2.  Collection of Soil samples 
Atrazine contaminated surface soil samples at depth of 15 cm were collected from Norman E. Borlaug, Crop Research Centre, 

Pantnagar, India after 10 days of herbicide spray in the Maize fields. One portion of soil samples were air dried and sieved at 0.2 

mm and utilized for assurance of physicochemical properties though, the second part was preserved at 4°C till the isolation of 

Atrazine degrading bacteria. 

2.3.  Determination of physico-chemical properties of the soil samples 

Various soil properties including all physico-chemical parameters like sand, silt clay, soil pH, organic carbon (OC) content, 

available nitrogen (N), available phosphorous (P), and available Potassium (K) were determined and presented in Table(1). 

Table 1. Physicochemical parameters of soil sample 

S. No. Physical and chemical characteristics of soil 

1. pH 7.21 

2. Nitrogen % 226 kg/ha 

3. Phosphorous (kg/ha)                    30.6 kg/ha 

4. Potassium (kg/ha) 243.3 kg/ha 

5. % Carbon 0.75 % 

6. % moisture 30.28 % 

7. Colour Light brown 

8. Texture Silt Clay Loam 

 

2.4.  Enrichment, isolation and identification of atrazine degrading bacteria. 

For the isolation of atrazine degrading bacteria from contaminated soil, 5 g of Soil samples were occupied in Erlenmeyer flasks 

(250 ml). Then the minimal broth (50 mL) with 50 mg/L atrazine concentration was added. The enrichment was done by 

incubating at 30 °C on a rotary incubator (150 rpm). After 7 days, the broth culture (5mL) from flask was reinoculated into fresh 

minimal media (50 mL) concentrated with 100 mg/L atrazine under above mentioned circumstances. At that point, the same 

method was repeated twice upto 200 mg/L of atrazine. After that, 0.2 mL of final culture broth was pour plated on agar plates for 

isolation of a single colony. Each colony, considered as a diverse species, was more than once streaked on agar plates. To obtain 

pure culture of best atrazine degradation, streaking about more than 10 times and then screening was done. The atrazine-

degrading ability of purified isolates was determined by minimum inhibitory concentration method and the most active strain was 
identified by 16S rRNA analysis as Bacillus encimensis ABP8.  

 

2.5.  16S rRNA Gene Sequencing and Construction of Phylogenetic Tree 

16S rRNA partial nucleotide sequence analysis of bacterial isolate was carried out by Chromous Biotech Pvt. Ltd., Bangalore, 

India. Alignment of the 16S rRNA partial gene sequence of bacterial isolate ABP8 was performed with sequences present in the 

GenBank database using BLAST (http://www.ncbi.nlm.nih.gov/blast/). A MEGA version 7.0 software package was used for 

Phylogenetic analysis. The neighborjoining (NJ) method was used for phylogenetic analysis (Fig.1). Submission of sequence was 

completed in the GenBank database with accession number MG680922. Homology search using BLAST revealed 98 % similarity 
of this sequence with 16S rRNA partial gene sequence of Bacillus encimensis strain (GenBank accession no. LWDO01000030.1), 

thus isolate was designated to be Bacillus encimensis ABP8.  

2.6.  Inoculation and degradation of atrazine 

For atrazine degradation experiment 250-mL Erlenmeyer flasks were taken containing 50 mL of sterile minimal medium and 

inoculated with Bacillus species ABP8, then Incubation was done at 30°C and 150 rpm for 24 h. The densities of ABP8 isolate 

were measured at 600 nm wavelength with UV spectrophotometer and adjusted to approximately 1.0×108 colony-forming units 

(CFU) mL−1.  Incubation and inoculation of microorganisms on minimal medium containing Atrazine with concentration ranging 

25, 50, 100, and 200 mg/L was done. Control without inoculation was also set. The degradation of atrazine was determined 
through high-performance liquid chromatography (HPLC) at intervals of 1, 2, 3, 4, and 5 days, respectively. Extraction was done 

with dichloromethane, and the organic layer was dehydrated, dried, and redissolved in methanol. After filtration, the samples 

were subjected to HPLC.  
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Fig.1. Phylogenetic analysis of Bacillus encimensis ABP8 based on neighbour joining method.  
 

2.7.  Sugarcane bagasse pretreatment 
Sugarcane bagasse was procured from G. B. Pant University of agriculture and technology, Pantnagar, India (Fig.2). The bagasse 

was dried at 100 °C in an oven for 24 h and mechanically grinded into powder, followed by being sieved size to 10, 18, and 72 

mesh (with the diameters of 800, 250, and 150 μm, respectively). Then, the material was washed with distilled water, dried at 100 

°C, and stored in room temperature for further use.  

 

2.8.  Immobilization and degradation evaluation 

In Erlenmeyer flask (250-mL) containing minimal medium supplemented with atrazine was mixed with the Bacteria suspension 

and incubated on a shaking incubator at 30 °C, 150 rpm for 7 days to obtain growth condition. Then, from broth culture, 2 mL of 

bacteria suspension (adjusted to 1×108 CFU mL−1) was mixed with sugarcane-bagasse (0.1g) and putted on shaking incubator at 

30 °C, 180 rpm for 24 h. The centrifugation (10 min, 4800 rpm) of immobilized mixture was done to obtain settled substance 
which was again dried at 20 °C and preserved for SEM. For the observation of morphological characters, the immobilized 

bacterial sample was subjected to scanning electron microscope (SEM). The growth activity detection was assessed to see 

immobilization effect on bacteria, for this immobilized mixture (0.1 g) was added in 50-mL minimal broth to determine Optical 

density (OD600) and CFU values at 24 and 48h. The medium, inoculated with the similar amount of bacterial culture without 

immobilization was setup as control and placed on a shaking incubator, respectively. Then, the degradability of immobilized 

bacteria was investigated by pertaining 0.1 g of bacteria-bagasse in 50-mL minimal medium supplemented with 50 mg/L of 

atrazine, and the amount of residues was determined by HPLC.  

 

 
Fig.2. Sugercane-baggase before pretreatment used as a bioprocess material for immobilization. 
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2.9.  Effects of reaction conditions on atrazine degradation 

The effects of reaction conditions including pH (4.0 to 8.0), temperature (20 to 40 °C), atrazine concentration (50 to 200 mg/kg), 

and the amount of dosage (5 to 20 g) on atrazine degradation were investigated. The effect of each factor was conducted in a 

single-factor experiment that only the tested factor was altered accordingly. The atrazine residues were measured after 2, 3, 5, 7, 

10, and 14 days by HPLC. 

2.10. Degradation of Atrazine in soil microcosm 

We performed a soil microcosm study of three treatments with Bacillus encimensis ABP8 in 1L Erlenmeyer flask with three 

replicates. For treatment 1, about 200 g sterilized soil supplemented with 100 mg/kg concentrated atrazine was contained in flask. 

Treatment 2, with sterilized soil 200 g and bacterial inoculum (2×106 cells/g of soil) and atrazine at a concentration of 100 mg/kg. 

Treatment 3 contained sterilized soil 200 g, immobilized bacterial inoculum (2×106 cells/g of soil) and 100 mg/kg concentrated 

atrazine. To maintain soil moisture content the sufficient amount of water was added. In the Erlenmeyer flasks, the entire 

components in the three treatments were altogether blended, covered with cotton plug and incubated at 30 °C for 21 days. 

Samples were withdrawn after 1, 3, 5, 7, 10, 14, 21 days incubation and atrazine residues were measured by HPLC to estimate 

atrazine degradation. The samples were extracted with 5 g soil using 20mL methanol. Then samples were shaken for 1 h on an 

orbital shaker and filtered through Whatman filter paper. This procedure was repeated thrice and collected solvent extract was 

dried up using rotary flash evaporator by re-dissolving in 2mL methanol solvent for HPLC analysis. A Chromatogram of HPLC 

analysis for atrazine after 21 days degradation with bacterial isolate is shown in Fig. 3. 
 

 
 

Fig.3. Chromatogram of HPLC analysis for determination of atrazine residues after degradation with bacterial isolate. 

 

2.11. HPLC analysis of atrazine  

The residual atrazine was analyzed on an Dionex ultimate 3000 HPLC equipped with a C18 reversed phase column (250×4.6 mm 

id, 5 μm), and the analytical method of which is listed in Table 2. 
 

Table 2. HPLC analysis of atrazine. 

Model : Dionex ultimate 3000 

Column : C-18 Reverse Phase (250×4.6 mm id, 5 μm) 

Detector : UV- detector 

Solvent : Methanol: Water (80:20) 

Flow rate : 1ml/min. 

Retention time : 7 min 

 

 

2.12. Data analysis 
All of the experiments were carried out in three sovereign experiments, and the results were the means of three replicates.  

The degradation rate of atrazine was analyzed according to the following equation (Eq. (1)): 

 

ρ = (A Aₒ  ) ×100   ....... (1) 
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where, ρ is the Percent degradation of atrazine (%), A (mg/L) is the residual concentration of sample, and A0 (mg/L) represents 

the concentration of control sample.  

 

2.13. Statistical analysis 

The experimental data were processed for calculating standard error of the means and multi-factorial analysis of variance as 

available in the SPSS statistical package (Stat Graphics Plus V. 11), and expressed at 0.05 probability level.  The significance 
(p<0.05) of differences was treated statistically by one and two-way analysis of variance (ANOVA) and evaluated by post hoc 

comparison of means using lowest significant differences (LSD). 

 

 

III.  RESULTS 

3.1.  Morphological observation and degradation assessment  
Sugarcane bagasse served as a support material for immobilization of bacteria, because of its natural porous structure, which 

provides large surface area and high loading volume for cell absorption. For morphological observation, the samples of pure 

bagasse and immobilized microbes after immobilization were scanned by SEM. The scanning image of bagasse particles before 

immobilization were presented in Fig. 4a, in this the shape of initial bagasse particles was irregular columnar with porous vascular 

tissue, which provides a large area for free bacteria to get in touch with baggase surface.  

 

          
                                         (a)                                                                          (b) 

Fig. 4.   SEM images shows (a). The Sugercane-baggase surface before immobilization, (b). The appearance of vascular bundle 

surface after immobilization, and the arrows represent the locations of bacteria absorbed on the surface of sugarcane 
baggase. 

 

Though, after biomass stacking as appeared in Fig. 4b, the surface and shape of sugarcane-bagasse were 

not significantly adjusted. Which appeared congruity with the dispute that immobilization 

of enzymes interior the permeable structure of a solid may allow to have the enzyme molecules completel scattered [25]. As 

such, dynamic microbes were emphatically retained and haphazardly scattered on the surface and interior the vascular 

bundles, demonstrating that the applied bagasse was biocompatible with dynamic microbial cells and formation of 

a steady bacteria-bagasse composite takes place. Bacterial development was observed by the optical density (OD600) and CFU 

values (Table 3). Bagasse, which was already classified in 10, 16, and 72 mesh (with particle size of 1700, 1000, and 200 

μm, separately), was independently served as carrier candidates. 

 
Table 3. The growth of immobilized bacteria and the degradation of atrazine at initial concentration of 50 mg/L 

 

Size Value of OD600 Bacteria counts (CFU mL
−1

) Degradation rate 

 

0hr 12hr 24hr 0hr 12hr 24hr (%) 

10 mesh     0.06±2.2c  0.36±2.0c  0.46±1.3c 4.5×105 2.7×106  8.5×107 39.03±1.2 

16 mesh      0.05±1.3b 0.27±1.3a 0.41±1.8a  3.8×105 7.3×106 6.4×108 80.64±0.7 

72 mesh        0.04±0.9b 0.33±1.9b 0.45±0.3b 3.3×105 6.5×106 5.2×108 84.35±1.3 

Control     0.02±1.0a 0.35±0.4b 0.42±1.6a 6.2×10
5
 7.5× 10

6
 5.8×10

8
 63.92±0.6 

 

As compare to control group, the immobilized microbes were feasble and competent of multiplying after immobilization approach 

since the values of CFU and OD600 were persistently expanding. Altering the medium to 50 mg/L of atrazine, the degradation 

rates with immobilized bagasse in 72 and 16 mesh come to 84.35 and 80.64 %, respectively, proposing that the atrazine 

degradation capacity was still held after immobilization. Due to the greater measure and littler surface zone, microscopic 

organisms immobilized in bagasse of 10 mesh showed low degradation rate (39.03 %), showing that this measure of bagasse 
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might not be suitable. Furthermore, it also recommended that the littler estimate of carrier particles could considerably make 

strides biomass stacking for their biggger surface ragion, subsequently moving forward degradation of target chemical. In this 

manner, bagasse milled into 16 and 72 mesh could be more suitable as carriers for the way better capacities in terms of cell 

development and biodegradation. 

 

3.2.   Atrazine degradation by Bacillus encimensis ABP8 in broth culture:  
The rate of atrazine dedradation by bacterial isolate enhanced with increase of incubation time i.e. from 1 to 10 days as a result 

atrazine residues in broth cultures was found almost negligible after 10 days (Fig. 5). The degradation rate reached above 40 % 

after 3 days, and 50 % after 5 days at the initial concentration of 25, 50, 100, and 200 mg/L, suggesting that the soil bacterial 

strain was competent of metabolizing rapidly, particularly from lower concentration of atrazine. This attribute further signifies the 

efficient performance of Bacillus encimensis ABP8. 

 

3.3.  Effects of reaction conditions on atrazine degradation  
Four Physicochemical parameters that might influence the atrazine-degrading activity of the microbial composite were explored 

with experiments. As appeared in Fig. 6 (a), the maximum (53%) degradation was found at pH 7.0 after 5 days; whilst at lower 

and higher pH values the degradation rates were around 48%. The impact of temperature (in fig 6. b) delinated that over 40 % 

atrazine degradation accomplished after 5 days with temperature range from 25 to 35 °C. In any case, the degradation execution 

essentially diminished at temperature >35 °C. The impact of the amount of immobilized microbial dosage applied on atrazine 
degradation (in Fig. c)  revealed that in 7 days, 62.20 and 64.21 % of atrazine was degraded with 10 and 20 g of dosage, 

respectively, whilst at 5 g dosage the degradation was only 58.19%. The change of percent degradation rate with the increment of 

atrazine initial concentrations is presented in Fig. 6(d), which clearly depicted that this microbial preparation possessed great 

degradation ability at low concentrations of atrazine < 200 mg/kg.  To figure out, this bacteria-bagasse preparation can be applied 

for biodegradation at variable environments i.e. 5.0 to 8.0 pH, 25 to 35 °C temerature and with dosage of 10 g, especially at low 

concentrations 50 to 200 mg kg−1 of atrazine. 

 

 

 
Fig.5. Degradation of atrazine at different initial concentrations by free cells of Bacillus encimensis ABP8 in Minimal broth. 

Values are means of three replicates with standard deviation. 

 

3.4.  Atrazine biodegradation in soil microcosm: 

In the soil microcosm the biodegradation of atrazine after 21 days was 33.88 % atrazine in treatment 1 (control) and in  Treatment 

2 containing  sterilized soil amended with bacterial inoculum and atrazine, the percent degradation was 47.84 %, whilst in 

Treatment 3, which contained sterilized soil improved with immobilized bacterial cells and atrazine, showed maximum 72.24 % 

atrazine degradation (Fig. 7).  
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Fig. 6(a). Effects of pH on biodegradation of soil atrazine. Values are means of three replicates with standard deviation. 

 

 

 

 
 

Fig. 6(b). Effects of temperature on biodegradation of soil atrazine. Values are means of three replicates with standard deviation 
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Fig. 6(c). Effects of dosage on biodegradation of soil atrazine. Values are means of three  

                  replicates with standard deviation. 

 

 

 
 
Fig. 6(d). Effects of initial concentrations on biodegradation of atrazine in soil. Values are means of three replicates with standard 

deviation 
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Fig. 7. Biodegradation of atrazine in soil microcosm by immobilized and free Bacterial cells.  

            Values are means of three replicates with standard deviation. 

 

IV.  DISCUSSION 

For the most part, herbicides applied in culturing lands are included in sorption, desorption, transport, volatilization, and alteration 

procedures [26, 27]. Based on the understanding of these physicochemical or biochemical behaviors, superior procedures could be 
gotten for compelling utilization of dynamic compounds as well as remediation of herbicide-contaminated locales. 

Biodegradation includes the utilization of living microorganisms or their enzymes to detoxify pollutants, which has been by the 

large considered as a successful and cost-effective method for the removal of contaminant [28]. It was detailed that different 

microbes had the capacity of efficiently degrading atrazine including Chelatobacter heintzii [29], Enterobacter (E. cloacae), 

Bacillus (B. cereus and B. anthracis), Pseudomonas (P. aeruginosa, P. balearica, P. indica and P. otitidis), Ochrobactrum (O. 

intermedium) and Providencia (P. vermicola) [30] and P. fluorescence + P. putida [31].  

Present study explained, an exceedingly successful strain from Bacillus species was chosen for atrazine degradation. Results 

comes out shown that bacteria Bacillus encimensis ABP8 was able to use atrazine as carbon and nitrogen source. As Compare to 

the treatments with higher introductory concentrations, the degradation at lower concentrations was more noteworthy and 

proficient; this empowered the strain to operate in circumstances with low residues. This is imperative and useful not at it were 

for intensifying the application scale of this strain but moreover for improving the harm to environment caused by pesticide 

residues beneath caution levels. Prior studies have demostrated that generally low levels of herbicide residues would influence 
and cause a chain of impacts on biological system [32, 33]. In this manner, degrading atrazine in low levels must be an advantage 

for Bacillus encimensis ABP8. In viable application, the degradation execution was not steady and compelling as tried in research 

facility since the coordinate utilize of free cells was affected by numerous variables. Utilizing diverse immobilized microbes may 

give a conceivable arrangement, which has been demonstrated tediously as an compelling approach for contamination 

remediation [13, 14]. It is detailed that the movement of immobilized composite is immensely influenced by the properties of 

support material [16, 17].Therfore, choosing a steady and economical support with great biocompatibility is the key to the 

immobilized composite, as such sugarcane bagasse liberally accessible in countries like Brazil, India, and China as a support 

candidate. As an industrial squander, fractional buildup of baggase is utilized in bioethanol generation while the left over portion 

is stockpiled [18].  

Awesome interface exist in investigating other strategies that offer economic, environmental, and vital points of interest in 

bagasse biotechnology. Present study explained that the potential of bagasse as an immobilization support was approved as 
anticipated. SEM images represented that bacteria were completely scattered on the surface of bagasse particles, and their 

degrading movement held after immobilization. Optimization of test aptitudes would process the amount of stacking microbes 

prepared immobilization, consequently, optimization of immobilizing support ought to be picked up more consideration. 

Moreover it is accepted that the immobilization technique should be a generally basic process that does not require a profoundly 

unadulterated enzyme preparation or a costly support that may not be commercially accessible [17].  

The flexibility and accessibility were the two fundamental challenges in this microbial arrangement plan. Consequently, we tried 

the impacts of different variables on the degradation execution, which could be effectively affected in a genuine soil environment. 

pH is one of the key component impacting the amount of protein adsorbed onto the surface of a test support[34]. On this 

viewpoint a few discoveries affirms that the maximum adsorption of protein occurs at or near the iso-electric point of the protein 

[35]. Experiment results shown that this immobilized preparation can be utilized in shifted situations to accomplish proficient 

execution. Interestingly, present study clearly illustrated that in both research facility and field conditions atrazine degradation 
propensities, expanded gradually during first 5 days, while it raised significantly afterword, which could be conceivably due to the 

diauxic growth of degrading bacteria, a common incident observed in a medium having carbohydrates mixture [36]. 
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V. CONCLUSION 

Determine utilize of herbicides has gotten to be a key risk to human wellbeing and environment. In spite of the fact that modern 

items with low residues are being propelled each year, the amassing of herbicides is still an unanswered issue, which calls for a 

successful arrangement for residue clearance. Utilization of dynamic microorganisms is an efficient and economical strategy, 

while microbial immobilization gives a breakthrough in restricted utilize of microbes in in-situ. In the present study, sugarcane 

bagasse was utilized in herbicide biodegradation as fabulous stacking supports for bacterial immobilization. Conformations 
clarified that the normal permeable structures of bagasse could give expensive surface area and large pore volume for bacteria 

stacking and dispersing. Hence upgrade its stability and efficiency to degrade atrazine. Encourage optimization of immobilization 

skills and physicochemical modification of bagasse particles could be promising methodologies setting the issues pertaining to the 

degradation of herbicides and other recalcitrant chemicals.  
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