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ABSTRACT 
 

Effect of cow-dung as biostimulant on Pseudomonas aeruginosa for the possible degradation of atrazine in 

contaminated soil was investigated. Enrichment culture was used to isolate the atrazine–degrading strains of 

Pseudomonas aeruginosa and the activities of the enzymes viz. atrazine chlorohydrolase, hydroxyatrazine 

ethylaminohydrolase and N-isopropylammelide isopropylaminohydrolase produce by Pseudomonas aeruginosa were 
assayed. The results of the soil physicochemical analysis showed a low fertility profile. There was slightly significant 

percentage increase in microbial population by 74.2% and 75.2% before and after biostimulation of the Pseudomonas 

aeruginosa with cow-dung respectively. The activities of atrazine chlorohydrolase (AtzA), hydroxyatrazine 

ethylaminohydrolase (AtzB) and N-isopropylammelide isopropylaminohydrolase (AtzC in) were 0.69U/min, 

0.32U/min and 0.29U/min, respectively at optimum pH of 7.0 while 0.51U/min, 0.41U/min and 0.31U/min, 

respectively at optimum temperature of 40oC. However, the effect of using consortia of microorganisms such as 

Pseudomonas aeruginosa species provided more promising results, with 83.6% and 85% before and after 

biostimulation respectively. It can be concluded that Pseudomonas aeruginosa may be efficient in bioremediation of 

atrazine contaminated soil using cow-dung as a biostimulant.  
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INTRODUCTION 

 
Soil contamination and its adverse effects on the 

overall ecosystem is one of the major problems we are 

facing today. Agrochemicals needed to boost agricultural 

activities, especially soil-acting herbicides have adverse 

effect on soil microcosms (ATSDR, 2004).  

Agrochemicals refer to a broad range of insecticides, 

fungicides and herbicides that are used for agricultural 

production.  They are large and varied group of 

substances that are specifically designed to kill biological 

organisms including weeds, insects and rodents. However, 

the extensive use of agrochemicals may result into their 
accumulation in the agricultural produce. Their low 

biodegradability has classified these chemicals as 

persistent toxic substances (Tayade et al., 2013). 

Atrazine (2-chloro-4-ethylamino-6-isopropylamino-s-

triazine) is a chlorinated systemic selective herbicide 

widely used globally to kill weeds. It is used in the 

cultivation of crops such as sugarcane, pineapple, maize, 

conifers, grasslands etc. Atrazine is highly persistent in 

soil. The average half-life of atrazine ranges from 13 to 
261 days in the soil (USEPA, 2003), more than 100 days 

in river water (Seiler et al., 1992), and around 10 days in 

seawater (Armbust et al., 1991). It has been reported that 

atrazine can be degraded by various bacterial genera such 

as Pseudomonas sp. (Monard et al., 2008), Bacillus sp. 

(Getenga et al., 2009), rhizobium sp. (Abou-Shanab et al., 

2006; Flavobacterium and Variovorax oryzihabitans 

paradoxus (Belimov et al., 2005). The term” 

biostimulation” is often used to describe the addition of 

electron acceptors, electron donors or nutrients to 

stimulate naturally occurring microbial populations. 
Biostimulation could also be perceived as the introduction 

of adequate amounts of water, nutrients and oxygen in the 

soil in order to enhance the activity of the indigenous 

microbial degraders or promote cometabolism. 

Clean up of herbicides contaminated soil has dire 

environmental concern since the advent of industrial era. 

However, effective use of biostimulants requires thorough 
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understanding of amendment, herbicide and microbial 

interactions in the soil. Although microorganisms are 

excellent degraders of herbicides in the soil, some 

reparation may need to be brought about in order to 

stimulate them to degrade pollutants and herbicides. This 

work was designed to investigate the effect of using cow-

dung as a possible means of biostimulation of 

Pseudomonas aeruginosa in the contaminated soil to 

degrade atrazine. 

 
MATERIALS AND METHODS 

 

The experiment was a pot analysis which was carried 

out in the green house. 

 

Chemicals  

Atrazine (99%) pure and of analytical grade was used 

for the analysis. Nutrient Agar (General purpose media), 

Potato Dextrose Agar (PDA), Mac conkey Agar, Sodium 

Dihydrogen Phosphate, Disodium Hydrogen Phosphate, 

Tween -80(BDH), citric acid, sodium citrate was 
purchased from BDH Chemicals Ltd Poole England were 

used for the study. 

 

Collection and Preparation of Soil Samples and Cow-

dung 

Surface soil (0-20cm depth) was sampled from 

Teaching and Research Farm, University of Maiduguri, 

for the isolation of microorganisms used for the analysis. 

The soil samples were air-dried, homogenized, passed 

through a 2.0mm mesh sieve to remove stones and plant 

debris. Soil sample was used for physicochemical analysis 

prior to treatment application. The cow-dung was also 
collected from Teaching and Research Farm and then 

characterized accordingly. The cow-dung was sterilized in 

a hot air oven at 160oC for 1hour and subjected to 

biostimulation, using a modified method of Moorman et 

al., (2001). The pH and EC were determined as described 

by Adams Ed (1984), available phosphorus by Bray No.1, 

total nitrogen by macrokjadehl method. Soil particle size 

was determined using Hydrometer method, as described 

by Davidson. Organic carbon was determined using 

Wakley and Blake (1965) method. 

 
Isolation, Identification and Enumeration of 

Microorganisms 

Serial dilutions were employed in isolation of the 

microorganisms, 0.1ml of the sample was spread on 

nutrient agar plates incorporated with atrazine at 0.01% 

concentration. The enrichment culture technique was used 

for the isolation of atrazine –degrading bacteria. The 

bacterial culture capable of degrading atrazine was 

isolated from atrazine pre-treated soil in the medium. 

After incubation, individual colonies were sub-cultured 

into nutrient agar plates containing the same concentration 

of atrazine, until pure culture was isolated (Atit et 
al.,2013). Various morphological and biochemical test 

such as gram staining, catalase test, oxidase test, citrate 

test, indole test, urease test, coagulase test and Mac 

Conkey agar medium (Buchan and Gibbons,1974), were 

used for characterizing the isolates. Bacterial isolates were 

characterized base on cultural characteristics, staining 

reaction and biochemical reactions (Cheesbrough, 2000). 

Catalase test is used to determine whether or 

microorganism produces catalase, the result shows bubble 

signify the presence of catalase in the test culture. 

Coagulase tests is particularly employed to differentiate 

pathogenic Staphylococcus aureus from non-pathogenic 

species, which becomes coagulated after incubation 

period. Oxidase test is any of the oxidoreductase class of 

enzymes that catalyses a reaction in which molecular 

oxygen acts as the direct acceptor of electrons from a 

substrate donor, resulting in the formation of water e. g 
Ascorbate oxidase. A deep purple colour develops within 

5-10 seconds indicates a positive test. Urease test is an 

enzyme that catalyse the hydrolysis of urea to ammonia 

and carbon dioxide, it is used to identified 

microorganisms that produces urease enzymes, the yellow 

colour of the medium change to pink in the presence of 

urease positive organism. Citrate test is carried to 

determine if a microorganism can utilize citrate or citric 

acid as a sole source of carbon and energy for growth, a 

change in the bromothymol blue colour form green to blue 

indicates an alkaline reaction arising for utilization of 
citrate. Indole test is carried out when bacteria are 

cultured on a medium containing tryptophan, those that 

produce the enzymes tryptophanase hydrolyzes and 

deaminates tryptophan to produce indole, pyruvic acid 

and ammonia. The appearance of deep red colour which 

settles at the alcohol layer indicates a positive test. When 

microorganisms are grown on macconkey agar, isolates 

that change colour is positive while remains the same. 

Identification was thereafter made with reference to 

Bergey’s manual of systemic bacteriology (1984). 

Nutrient agar (NA) technique was used for enumeration of 

total heterotrophic bacteria by the pour plate method. 
Incubation was done at 37oC for 24-48 hours.  

 

Determination of Enzyme Activity 

The activities of the enzymes viz. atrazine 

chlorohydrolase, hydroxyatrazine ethylaminohydrolase 

and N-isopropylammelide isopropylaminohydrolase, 

which may be involved in the degradation of atrazine, 

were assayed in the present study following the standard 

procedures. The cells of strain Pseudomonas aeruginosa 

were grown in MSM media containing atrazine (50 mg/L) 

for 24 hrs. Then the medium was centrifuged and the 
collected cell pellet was suspended in phosphate buffer 

(pH 7.0), sonicated and finally centrifuged to serve as 

crude extract for enzyme assays. Atrazine chlorohydrolase 

activity was monitored by measuring the decrease in 

reaction absorbance of atrazine at 225nm (Bouquard et 

al., 1997). Hydroxyatrazine ethylaminohydrolase activity 

was measured spectrophotometrically at 242nm by 

monitoring the decrease in absorbance the activities of the 

enzymes viz. atrazine chlorohydrolase, hydroxyatrazine 

ethylaminohydrolase and N-isopropylammelide isopropy-

laminohydrolase was determined. The reaction mixture 

contained hydroxyatrazine and crude enzyme extract 
(Seffernick et al., 2007), and finally, N-isopropy-

lammelide isopropylaminohydrolase activity was 

determined for enzymatic conversion of N-isopropy-

lammelide to cyanuric acid by measuring the N-isopropy-

lammelide absorbance at 240 nm (Shapir et al., 2002). 

One unit of enzyme activity was defined as the conversion 

of 1 μmol of reaction substrate to product per min. 
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The characterization of the enzymes was carried out 

at optimum temperature and pH.  The optimum 

temperature was determined by incubating a mixture of 

crude enzyme at varying temperature (25oC-80oC) for 30 

minutes. Enzyme activity was determined as follows: 

atrazine chlorohydrolase as described by (Bouquard et al., 

1997), hydroxyatrazine ethylaminohydrolase as described 

by (Seffernick et al., 2007), N-isopropylammelide 

isopropylaminohydrolase as described by (Shapir et al., 

2002). The optimum pH was determined by incubating at 

40oC with buffers at various pH ranges from 3 to 9 at 30 

minutes. Enzyme activity was determined as described 

above. Statistical Analysis 

Descriptive statistics (mean and standard error of mean 

Mean±SEM) and analysis of variance (ANOVA) were used 

to present the results obtained with the Computer software, 

Statistic version 10.0 Microsoft (2005). Comparison 

between treatments means were carried out by Least 

Significant Difference (LSD) at 5% probability level. 

 

RESULTS  

 

Physicochemical characteristics 

The physicochemical characteristics of soil and cow 

dung used for the biostimulation studies are presented in 

Table 1. The soil was sandy loam in texture with sand, 

silt, and clay content of 62.20%, 17.53%, and 20.27% 

respectively. The soil pH was slightly acidic (pH 6.7 

±0.99) and low EC (0.12 ± 0.02 dSm-1). The soil sample 

had low nitrogen content (0.160±0.01%), the soil used had 

moderate available phosphorus of 12.22±1.45mg/kg/Soil, 

and very high organic carbon of 15.38 %±0.05. However, 

the percentage base saturation was very high in the soil 

and narrow C: N of 5.13 while the biostimulant (cow-

dung) recorded appreciable nitrogen content (15.5g/kg), 

phosphorus content of (10.89g/kg), potassium content of 

(2.03g/kg). 

 

Isolation and Identification of Pseudomonas 

aeruginosa 

In the present study, an atrazine degrading bacteria 

such as Pseudomonas aeruginosa was isolated from 

atrazine contaminated soil through enrichment techniques. 

Pseudomonas aeruginosa could utilize atrazine as the sole 

source of carbon and energy for growth in MSM. When 

grown on Mac conkey agar, the isolates did not utilize the 

lactose, hence the medium remains brownish, that is non-

lactose fermenter. 

Some isolated bacteria and the results of their 

biochemical tests are presented in Table 2. Pseudomonas 

aeruginosa, Proteus Species, Escherichia coli, Staphylococcus 

aureus, Streptococcus pyogenes and Klebsialla were 

subjected to gram staining and biochemical 

characterization such as catalase, coagulase, oxidase, 

citrate, urease, indole tests and lactose fermentation. 

Based on gram staining Staphylococcus aureus and 

Streptococcus pyogenes were gram positive, while 

Pseudomonas aeruginosa, Proteus species, Escherichia. 

Coli, and Klebsialla were gram negative. Based on their 

biochemical characterization Pseudomonas aeruginosa 

was catalase, oxidase positive and NLF, Proteus species 

was catalase, urease test, citrate test, indole test positive 

and NLF, E. coli was catalase, indole test positive and LF, 

Staphylococcus aureus was catalase, coagulase positive 

and LF, Streptococcus pyogenes is NLF while Klebsialla 

was catalase, urease, citrate test positive and LF. 

 
Effects of biostimulation on microbial population 

The effect of before and after biostimulation grown 

on nutrient agar plate are presented in Table 3. Percentage 

increase was observed between the control and other 

treatment (P. aeruginosa) 74.2% and 75.2% before and 

after biostimulation respectively. From the result it was 

observed that there is slightly significant different 

between the control and treatment (P. aeruginosa) at 

P<0.05. 

 
Table 1: Physicochemical characteristics of the soil and cow-

dung used for biostimulation 

Parameter Soil Cow-dung(%) 
pH   6.70±0.09 - 
EC (dSm-1)   0.12±0.02 - 
H+ Al- (Cmol/kg)   0.53±0.03 - 
Ca   6.37±0.19 3.05 
Mg   5.10±0.38 0.57 
K   0.48±0.02 2.03 
Na   0.15±0.01 0.54 
CEC 12.28±0.22 - 
ECEC 12.37±0.33 - 
Base Sat% 92.44±3.36 - 
N(g/kg)   0.16±0.01 15.5 
O.C 15.38±0.05  
O.M   1.08±0.01  
C: N   5.13±0.58  
Av P 12.22±1.45 10.89 (mg/g) 
Zn - 10.66 
Cu - 20.29 
Fe - 5.77 
Mn - 5.11 
Texture of Soil (%)   
Clay 20.27±1.07 - 
Sand 62.20±1.51 - 
Silt 17.53±0.98 - 

Values are Mean ± SEM of three replicates. 

 
Table 2: Bacteria isolates and some biochemical characteristics 

Organism Gram Stain 
Agar 

Catalase   
Test 

Coagulase   
Test 

Oxidase 
Test 

Urease   
Test 

Citrate Indole 
Test 

Growth on 
Test 

Macconkey 

P. aeruginosa -ve + - + - - - NLF 
Proteus species -ve + - - + + + NLF 

E. coli -ve + - - - - + LF 
Staph aureus +ve + + - - - - LF 
Strep pyogenes +ve - - - - - - NLF 
Klebsialla -ve + - - + + - LF 

Positive: +ve, Negative: -ve, LF: Lactose fermenter, NLF: Non-lactase fermenter, E: Escherichia 
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Table 3: Effect of biostimulation on total viable bacterial count 

Treatment  Before Mean ± SEM 
(x106) 

After Mean ± SEM 

Control  1.23±88192e 1.23e ±88192 

Pseudomonas 
aeruginosa  

  4.77±504425c - 

Pseudomonas 
aeruginosa 

- 1.92x107ab 

±1407519 

Means with different letters are significantly different at P< 0.05 

 

Effect of pH on Enzyme Activity 

The effect of pH on atrazine chlorohydrolase (AtzA), 

hydroxyatrazine ethylaminohydrolase (AtzB) and N-

isopropylammelide isopropylaminohydrolase (AtzC) are 

presented in Fig 2, with an enzyme activity of 0.69U/min, 

0.32U/min and 0.29U/min respectively by Pseudomonas 

aeruginosa. The results of the assay show highest activity 

at an optimum pH of 7.0. 
 

Effect of Temperature on Enzyme Activity 

The results of the effect of temperature on atrazine 

chlorohydrolase, hydroxyatrazine ethylaminohydrolase 

and N-isopropylammelide isopropylaminohydrolase are 

shown in Fig. 3 below, with enzyme activity of 

0.51U/min, 0.41U/min and 0.31U/min respectively by 

Pseudomonas aeruginosa at an optimum temperature of 

40oC. 

 
DISCUSSION 

 

In order to fully comprehend the intricacies of the 

environment studied, soil collected was   analyzed 

accordingly. The soil proportion used had very high sand. 

This implies that basic cations such as Ca, K, Na and Mg 

would leach more easily as texture determines the degree 

of retention. Many researchers have established the 
relationship between soil characteristics and atrazine 

degradation parameters (Zablotowicz et al.,2006).  The 

bioavailability of most atrazine for microbial 

biodegradation is limited by sorption of organic matter 

(Alexander.,1984). The correlation of more rapid atrazine 

mineralization in atrazine contaminated soil is in 

consonance with findings of others (Barriouso and 

Houot.,1996, Martin-Laurent et al.,2004). However, 

organic carbon substrate may also affect microbial 

community structure and potential for degradation of 

herbicides such as atrazine (Rhin et al., 2003). 
Pseudomonas aeruginosa as the bacteria specie used in 

the study was tested biochemically. It was observed that 

Pseudomonas aeruginosa is catalase and oxidase test 

positive and non-lactose fermenter. From the results, 

Pseudomonas aeruginosa contain an oxidase enzyme 

which belongs to the oxidoreductase, and it has the ability 

to convert certain aromatic amines into coloured product 

determine by the presence of cytochrome c-oxidase and 

does not utilize lactose when grown on mac conkey agar. 

The biochemical reactions depicted by pseudomonas 

aeruginosa makes capable of utilizing atrazine as carbon 

source. Among gram negative bacteria, complete 
degradation of atrazine has been limited to the genera e.g.; 

Pseudomonas (Mandelbaum et al.,1995; Hernandez et al., 

2008), Agrobacterium (Struthers et al., 1998; Devers et 

al., 2007; Pseudominobacter (Topp et al., 2000). 

Chelatobacter, (Vargha et al., 2005), and unidentified 

genera (Radosevich et al., 1995; Iwasaki et al., 2007).  

Biostimulation accelerate the decontamination rate, as 

the addition of one or more limiting nutrients to improve 

the degradation potential of inhibiting microbial 

population (Nikolopoulou. M et al., 2009). Highest 

percentage of total viable bacterial count was observed in 

the treatment containing Pseudomonas aeruginosa after 

biostimulation. This increase may be attributed to the use 

of atrazine as organic substrate (carbon and energy 

source) which stimulate their growth (El-Bestawy et al., 

2013). 

 The effect of pH ranges from 3 to 9 on atrazine 

chlorohydrolase (AtzA), hydroxyatrazine 

ethylaminohydrolase (AtzB) and N-isopropylammelide 

isopropylaminohydrolase (AtzC) activity by 

Pseudomonas aeruginosa was assayed. The enzyme 

activities were high at a neutral pH of 7.0. The results 

corroborate with the findings of Abigail et al., (2013), 

who reported optimum pH of 7.0 for the above enzyme 

produced by yeast strain. Similar findings were reported 

in fungal degradation of simazine (Kodama et al; 2001) 

and bacterial degradation of atrazine (Dai et al.,2007). To 

further characterize the enzymes, the effect of temperature 

was determined produced by Pseudomonas aeruginosa, 

the enzyme activities were highest at an optimum 

temperature of 40oC. In the case of temperature, 30oC was 

reported earlier in bacterial strain L-6 (Li et al.,2012b) 

and in fungal strain Phanerochaete chyrososporium 

ME446 (Doruk et al.,2012). In the present study, we 

found that Pseudomonas aeruginosa was capable to 

degrade atrazine at 50mg/L and it could be attributed to 

the bacterial enzymes which were secreted with the 

bacterial cells upon being exposed to the contaminant 

(Atit et al., 2013; Levanon, 1993) It could also due to the 

readiness of the bacterial enzymes system to degrade 

atrazine extracellularly by secreting the enzymes outside 

the bacterial cell (Krog et al., 2013). 

Pseudomonas sp. strain ADP was one of the first 

bacteria shown to metabolize atrazine to carbon dioxide, 

ammonia, and chloride. In this bacterium, the atrazine 

metabolic pathway proceeds via three consecutive 

hydrolytic reactions, which remove the chloride, N-

ethylamine, and N-isopropylamine substituents, hereby 

converting atrazine to cyanuric acid. The enzymes that 

catalyze these reactions are atrazine chlorohydrolase 

(AtzA), hydroxyatrazine ethylaminohydrolase (AtzB), and 

isopropylammelide isopropylaminohydrolase (AtzC), 

respectively (Mandelbaum et al; 1995). This implies that 

the level of competition, bioavailability of organic 

amendments and nature of chemical are important factors 

affecting the bioremediation. 

 

Conclusion  

It can be concluded that the biostimulant (cow dung) 

can increase the level of organic nutrient in the soil and 

microbial population. Pseudomonas aeruginosa isolated 

from atrazine contaminated soil may be proficient for 

atrazine biodegradation in various environment. The 

involvement of three enzymes in the degradation was 
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shown to have some optimum activities at temperature 

and pH of 40oC and 7.0 respectively.  
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