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ABSTRACT 
 

The biostimulation of atrazine-impacted soil using cassava peel waste (CPW) considering the 
associated soil bacteria was assessed over a period of seven (7) weeks. The study was carried out 
at the Teaching and Research Farm of the Faculty of Agriculture, University of Port Harcourt, Port 
Harcourt, Rivers State, Nigeria. The aim of this work was to enhance indigenous soil bacteria in the 
biodegradation of atrazine through biostimulation using organic wastes. To achieve this, the 
physicochemical properties of the soil (before and after treatments) and the basic proximate 
mineral elements of the organic waste was determined before application using standard analytical 
methods. The bacterial characteristic and pH of the soil treated with CPW, CPW+ATZ, ATZ, and 
CONTROL (no treatment) were assessed using culture-dependent and standard analytical 
technique respectively. The study provided adequate evidence that the study site was naturally 
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endowed with requisite bacteria (Acinetobacter sp., Enterobacter sp., Pseudomonas sp., and 
Bacillus sp.) with potential enzyme repertoire for atrazine degradation.  The addition of organic 
amendment improved the physicochemical status of the impacted soil which culminated to 
significant (P<0.05) increase in soil microbial population and diversity. The study also showed that 
pollutants (atrazine) at a tolerable level can improve bacterial population (as a result of the 
proliferation of naturally selected degraders) but reduce bacterial diversity. This was observed in 
the treatment, ATZ which had the least bacterial diversity but with the highest bacterial density 
(35.00±4.24×10

8
cfu/g) at week 6. Although some bacteria are good degraders of herbicides in the 

soil, however, it may require some amendments in order to stimulate them to degrade pollutants. 
This work showed that the organic waste used in this study was a potential stimulatory agent that 
enhanced the growth of indigenous atrazine-degrading soil bacteria; hence can serve as an 
improved method of waste management and potential soil remediation approach. 
 

 

Keywords: Soil; atrazine; bacteria; cassava peel waste; biostimulation. 
 

1. INTRODUCTION 
 

Basically, food is being made available to man 
through agricultural activities which involve the 
planting of crops and rearing of livestock. Among 
the plant species that threaten agricultural yield 
of crops are the weeds that, when invading 
crops, has the potential to significantly reduce 
quality and yield of the harvest. Therefore, in 
order to improve the quality and amount of crop 
yield, the removal of these unwanted plants from 
agricultural farmlands becomes imperative [1]. 
When weeds are controlled by the use of a 
particular herbicide, sometimes many of the 
compounds enter into the environment, which 
could be in the atmosphere, water, soil, and or in 
the harvested products [1]. As a result of the 
general use of these herbicides over a long 
period of time, their effects have been observed 
as a result of the accumulation of the residues in 
the environment, where they cause severe 
pollution in the ecosystems and harmful 
disruption of the biota [2]. Mada et al. made a 
survey on the effect of the continuous application 
of herbicides on soil and environment in 
Adamawa State, Nigeria and discovered that the 
exposure of farmers to herbicide from 2001 – 
2011 has led to problems such as acute 
poisoning and death of farm workers in southern 
Adamawa State. The survey also revealed some 
ill health farmers complained of which include 
heart pain, skin rash, eyes problems, nervous 
disorder and respiratory condition [3]. More so, 
Atrazine at concentrations of 5, 8.5, 17, 51 μM 
increased the frequency of chromosome 
aberrations in human lymphocytes exposed to 
the herbicide [4]. Also, increase in the DNA 
fragmentation in the erythrocytes of Nile tilapia 
exposed to atrazine at 6.25, 12.5, 25 μg/L has 
been observed [5]. As a result of the toxicological 
features of atrazine and its high incidence of 
contamination, great efforts are being made               

by researchers in seeking for potential 
bioremediation techniques towards the 
restoration of atrazine polluted sites [6]. Many 
bacteria have the potential to metabolize the N-
alkyl group of the herbicide as a source of carbon 
[7]. Rather than individual species, bacterial 
consortia have been confirmed to be more 
efficient for atrazine degradation in the soil [8,9]. 
Although the rapid clean-up of herbicides from 
polluted sites has been proved to be              
achievable through bioaugmentation, however, 
there are reports of its ineffectiveness in full-
scale field clean-up exercise [10]. Kadian et al. 
suggested that the stimulation of indigenous 
microbial degraders using organic amendments 
is a more cost-effective, sustainable and 
environmentally friendly approach towards the 
remediation of herbicide-contaminated soil [11]. 
In this study, the organic waste (cassava peel 
waste) is being used as a potential bio-
stimulatory substrate to promote the growth of 
naturally selected bacterial degraders for the 
breakdown of atrazine in the soil,                 
thereby alleviating the harmful effect of                
herbicide (atrazine) on man, wild life, plants and 
soil biota. 
 

2. MATERIAL AND METHODS 
 

2.1 Study Site 
 

The research was carried out at the Faculty of 
Agriculture Research farm, University of Port 
Harcourt, Port Harcourt, Rivers State, Nigeria. 
The complete size of the study site was 13.0m by 
9.5m. The study area was further divided into 
twelve (12) smaller blocks of 0.25m

2
 area 

(microcosms) at 3m apart from each other (3 
rows; 4 columns). The geographical coordinate 
of the site is Latitude 4º54′ 30.34″ N and 
Longitude 6º55′ 23.11″ E. The research was 
done during the rainy season. 
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2.2 Organic Waste and Herbicide Used 
 
The cassava peel waste (CPW) used in this 
study was collected from harvested cassava 
(Manihot esculenta) in Obinze, Owerri-West, Imo 
State, Nigeria. The herbicide (atrazine) was 
purchased from an agricultural dealer store in 
Port Harcourt, Rivers State, Nigeria. It contains 
50% SC atrazine as the active ingredient. The 
herbicide was prepared according to manu-
facturer’s recommendation and the model 
described by Pal and Das Gupta [12] was also 
adopted.  
 

2.3 Experimental Design and Soil Treat-
ment 

 
Plants/weed was completely removed from each 
of the microcosms to avoid phytoremediation. 
The microcosms (area of 0.25 m

2
 each) were 

first treated with the dried, sterilized (autoclaved 
at 121

º
C for 20minutes to prevent microbial 

interference from the organic wastes), organic 
waste (CPW). After seven (7) days, 1L of the 
herbicide (100 mg

-1
L atrazine) was applied once 

on the appropriate microcosms. The treatments 
applied in this study were: atrazine only (ATZ); 
cassava peel waste (380 g) and atrazine (CPW+ 
ATZ); cassava peel waste (380 g) only (CPW). 
There was “CONTROL” in which no treatment 
was applied. Each treatment and the control 
were made in three replicates. The experimental 
design used in this study was the completely 
randomized block design (CRBD). 
 

2.4 Samples Collection 
 
A composite soil sample (10 cm depth) was first 
taken to determine the fungal and 
physicochemical condition of the soil within the 
sampling area before treatment. Samples from 
each treatment and control were collected 
fortnightly for 6 weeks. Samples collected were 
properly mixed and characterized to determine 
the soil physicochemical properties and             
fungal population/diversity response to atrazine 
treatment. 

 
2.5 Isolation and Characterization of 

Total Culturable Bacteria 
 
Nutrient agar (NA) was used for enumeration and 
isolation of total culturable bacteria. Bacterial 
isolates were characterized based on cultural 
characteristics, staining, and biochemical 
reactions. Identification of bacterial isolates 

thereafter was made with reference to the 
Bergey’s Manual of Systematic Bacteriology 
(1984). 
 

2.6 Growth and Degradation Studies 
 
A modified Czapek Dox Agar and Udikovic et al. 
[13] method were employed using Sodium citrate 
as the sole carbon source and atrazine as the 
only nitrogen source. The Citrate-Atrazine (Cit-
Atz) medium contained sodium citrate (1.0 g), 
MgSO4 (0.5 g), CaCl2 (0.5 g), K2HPO4 (1.0 g), 
MnSO4 (1.0 g), CuSO4.5H2O (0.4 g), atrazine 
(100 mg/L), and distilled water (1 L). The agar 
medium of the above composition was made by 
adding 16 g agar per liter to form Cit-Atz agar. 
The Cit-Atz medium was used to isolate atrazine 
degraders. To isolate atrazine-degrading 
bacteria, 0.1 g of nystatin was used per liter of 
media prepared to knock-off fungal contamina-
tion [14]. One gram of soil sample from each 
microcosm treated with atrazine was added to 
10ml of mineral salt medium (MSM) (with no 
atrazine, and antibiotics) in sterile test tubes and 
vortexed for 1 minute. An equal volume of the 
1ml slurry was taken and was added to 250 ml 
Erlenmeyer flask containing 50ml of Cit-Atz 
medium and nystatin. The inoculated flasks were 
incubated at 30ºC and isolation of degraders 
were made at 2 days interval for 10 days. 
 

2.7 Isolation of Atrazine-degrading 
Bacteria 

 
Atrazine degrading bacteria were isolated with 
the Cit-Atz agar using the spread plate method. 
After a period of six days incubation in Cit-Atz 
medium, 0.1m of each culture was inoculated in 
Cit-Atz agar appropriately. Isolation of atrazine-
degrading bacteria was realized by inoculating 
the cultures on Cit-Atz agar containing nystatin. 
The inoculated plates were incubated at 30ºC 
and were observed daily for growth for ten days. 
 

2.8 Characterization of Soil Samples and 
Organic Waste 

 
Characterization of soil samples and the cassava 
peel waste were carried out using various 
standard analytical processes at a research 
institute in Lagos, Nigeria.  

 
2.9 Soil pH 
 
The pH of the treated and untreated soil samples 
were determined using Equip-Tronics digital pH 
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meter model EQ-610. The technique described 
by Onyeike and Osuji (2003) was used. 
 

3. RESULTS AND DISCUSSION 
 

3.1 Physicochemical Properties of Soil 
before Treatment and Mineral 
Composition of the Organic Waste 
Used 

 

The physicochemical status of the study site was 
carried out first in order to ascertain the 
prevailing soil condition before the experiments. 
The various soil parameters determined were as 
shown in Tables1, 2 showed the basic mineral 
element composition contained in the cassava 
peel waste used in this study. 
 

3.2 Effect of Treatments on the Nutri-
tional Status of the Soil 

 

Tables 3, 4, and 5 revealed the changes that 
occurred in soil carbon, nitrogen and phosphorus 
contents of the soil respectively after the treat-
ments. 
 

3.3 Bacterial Identification and Degree of 
Occurrence 

 

The indigenous culturable heterotrophic bacteria 
in the soil were isolated before and during the 
study using standard microscopic, cultural and 
biochemical techniques. Table 6 revealed the 
identification processes used for the 
characterization of bacterial isolates. 

The total culturable heterotrophic bacterial 
isolates from the various treatments at              
weeks 0, 2, 4, and 6 were as recorded in             
Table 7. 
 
Isolations were also made based on the ability of 
bacteria to utilize atrazine as a nitrogen source in 
the atrazine treated soil. The bacteria that have 
this capability were those that were able to grow 
in the Cit-Atz medium as shown in Table 8. 
 

Table 1. Physicochemical properties of soil 
before treatment 

 

Parameters  Quantity 

pH  6.05 

Soil type Sandy Loam 

Moisture content (%)  69.46 

Organic carbon (%)  3.46 

Total nitrogen (%)  0.16 

Available phosphate (ppm)  373.70 

Exchangeable cations (cmol/kg)  

Ca  14.44 

K  6.07 

Mg  5.07 

Na  5.80 

The particle size of soil  

Clay (%)  27.20 

Sand (%)  46.80 

Silt (%)  26.00 
The values of the parameters were taken from 
composite soil sample and average of three 

replications 
 

Table 2. Basic proximate mineral element composition of the cassava peel waste used 
 

N 

(%) 

C 

(%) 

P 

(ppm) 

K 

(mg/kg) 

Ca 

(mg/kg) 

Mg 

(mg/kg) 

Na 

(mg/kg) 

Zn 

(mg/kg) 

Cu 

(mg/ 

kg) 

Fe 

(mg/ 

kg) 

Mn 

(mg/ 

kg) 

0.87 43.33 19.19 51.88 31.09 96.70 19.00 25.36 3.88 388.49 21.46 

 
Table 3. Effect of the treatments on the organic carbon content of the soil 

 

  Mean of organic 
carbon content (%) 

95% confidence Interval 

Lower bound             Upper bound 

Treatment  CPW  3.02
a
 2.82 3.22 

CPW+ATZ  2.86
a
 2.66 3.05 

ATZ  2.92
a
 2.72 3.12 

CONTROL  3.48
b
 3.28 3.68 

Period  Week 0  3.46
a 

3.31 3.61 

Week 2  3.18
b 

3.03 3.33 

Week 4  2.91
c 

2.76 3.06 

Week 6  2.68
d 

2.53 2.83 
ANOVA: Mean with the same superscript in the same column are not significantly different from one another at 

P<0.05. 
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Table 4. Effect of the treatments on the total nitrogen content of the soil 
 

  Mean of total  
nitrogen content (%) 

95% Confidence interval 

Lower bound     Upper bound 

  
Treatment  

CPW  0.71
b 

0.54 0.88 
CPW+ATZ  0.66

b 
0.49 0.83 

ATZ  0.29
a 

0.13 0.46 
CONTROL  0.18

a 
0.01 0.34 

  Period  Week 0  0.16
a 

0.03 0.29 
Week 2  0.44

b 
0.32 0.57 

Week 4  0.53
b 

0.41 0.66 
Week 6  0.62

b 
0.49 0.74 

ANOVA: Mean with the same superscript in the same column are not significantly different from one another at 
P<0.05. 

 
Table 5. Effect of the treatments on the available phosphorus content of the soil 

 

  Mean of available 
phosphorus (ppm) 

95% confidence interval 

Lower bound         Upper bound 

Treatment  CPW  488.07
c 

454.57 521.57 
CPW+ATZ  442.56

b,c, 
409.05 476.06 

ATZ  406.55
a,b 

373.05 440.05 
CONTROL  387.85

a 
354.35 421.35 

Period  Week 0  373.70
a 

348.38 399.03 
Week 2  431.09

b 
405.76 456.41 

Week 4  446.81
b 

421.49 472.14 
Week 6  461.50

b 
436.18 486.83 

ANONA: Mean with the same superscript in the same column are not significantly different from one another at 
P<0.05. 

 
Tables 9 and 10 above showed the effect of the 
treatments on the total culturable heterotrophic 
bacterial population and the soil pH respectively. 

 
3.4 DISCUSSION 
 
This research is aimed at reducing the 
deleterious effect of atrazine application on living 
organisms in the environment through 
biostimulation using organic waste.  The addition 
of the cassava peel waste is to promote soil 
nutritional condition and stimulate soil bacteria 
for the degradation of atrazine, thus reducing the 
‘leaching window’ available for the herbicide. The 
mean of the total organic carbon (TOC) content 
of the soil decreased significantly (P<0.05) in all 
the treatments. There was also a steady 
significant drop in the mean of the soil TOC 
content across the sampling periods; wk 0 = 
3.46%, wk 2 = 3.18%, wk 4 = 2.91%, wk 6 = 
2.68% (Table 3). Similarly, a degradation 
process during composting as observed by 
Sangodoyin and Amori (2013), affected the total 
organic carbon, causing a decrease in carbon 
content in treatments when compared with the 
initial carbon content [15]. Contrariwise, there are 
other reports where an increase in soil carbon 

content was observed via biostimulation 
[9,16,17]. 
 

The ANOVA result on the mean of the total 
nitrogen content (TNC) of soil revealed that soil 
treated with CPW and CPW+ATZ had high 
significant (P<0.05) total nitrogen content, while 
the increase in TNC in soil treated with ATZ was 
statistically insignificant. Generally, the 
treatments increased the soil nitrogen content 
significantly, but there was no significant change 
in the mean of the TNC of the soil at weeks 2, 4, 
and 6 (Table 4). 
 

The rise in Phosphorus level in the soil treated 
with ATZ only, was not significant at P<0.05, 
while the increase in other treatments containing 
CPW was significantly high with the soil treated 
with CPW only having the highest significant 
value. Based on the sampling period, there was 
significant (P<0.05) increase in soil Phosphorus 
level at weeks 2, 4, and 6 when compared with 
week 0 (before treatment), but the values at 
weeks 2, 4, and 6 were not significantly different 
from one another (Table 5). Angelova et al. 
(2013) also recorded a similar effect (increased 
extractable phosphorus) when soil contaminated 
with heavy metal was treated with compost [18]. 
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Table 6. Morphological and biochemical characteristics of bacterial isolates from the study 
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Probable generic identity 

A - Short rods - - + - + - - - + - - - + Acinetobacter sp. 
B + Rods + + + - + - + - +

g 
+ +

g 
+ - Bacillus sp. 

C - Rods - + + - + - + - +
g 

+ +
g 

+
g 

+ Enterobacter sp. 
D + Rods in 

chain 
- - - - + + - - + - +

g 
- - Lactobacillus sp. 

E + Tiny cocci - - + - - - - + - - - + + Micrococcus sp. 
F - Rod - + + + - + - + +

g 
- + - - Proteus sp. 

G - Rods - + + - + + - - +
g 

- -
 

+ - Pseudomonas sp. 
Key: + = Positive result; - = Negative result; g = Gas production
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Table 7. Total culturable heterotrophic bacterial isolates from the various treatments 
 

Treatment  Week 0 
(composite) 

Week 2 Week 4 Week 6 

CPW  Bacillus sp. 
Pseudomonas sp. 
Proteus sp. 
Enterobacter sp. 
Micrococcus sp. 
Lactobacillus sp. 

Bacillus sp.  
Pseudomonas sp. 
Proteus sp. 
Enterobacter sp. 
Micrococcus sp. 
Lactobacillus sp. 

Bacillus sp. 
Pseudomonas sp. 
Proteus sp. 
Enterobacter sp. 
Micrococcus sp. 
Lactobacillus sp. 

Bacillus sp. 
Pseudomonas sp. 
Proteus sp. 
Enterobacter sp. 
Micrococcus sp. 
Lactobacillus sp. 

CPW+ATZ  Bacillus sp.  
Pseudomonas sp. 
Proteus sp. 
Enterobacter sp. 
Micrococcus sp. 
Lactobacillus sp. 

Pseudomonas sp. 
Bacillus sp.  
Proteus sp. 
Micrococcus sp. 

Acinetobacter sp  
Bacillus sp.  
Pseudomonas sp. 
Micrococcus sp. 

Acinetobacter sp  
Bacillus sp.  
Pseudomonas sp. 
Proteus sp. 
Enterobacter sp. 
Micrococcus sp 

ATZ  Bacillus sp. 
Pseudomonas sp. 
Proteus sp. 
Enterobacter sp. 
Micrococcus sp. 
Lactobacillus sp. 

Acinetobacter Sp.  
Pseudomonas sp. 
 

Acinetobacter Sp.  
Bacillus sp. 
Pseudomonas sp. 
 

Acinetobacter Sp.  
Bacillus sp. 
Pseudomonas sp. 
Micrococcus sp 

CONTROL  Bacillus sp. 
Pseudomonas sp. 
Proteus sp. 
Enterobacter sp. 
Micrococcus sp. 
Lactobacillus sp. 

Bacillus sp. 
Pseudomonas sp. 
Proteus sp. 
Enterobacter sp. 
Micrococcus sp. 

Bacillus sp. 
Pseudomonas sp. 
Proteus sp. 
Enterobacter sp. 
Micrococcus sp. 
Lactobacillus sp 

Bacillus sp. 
Pseudomonas sp. 
Proteus sp. 
Enterobacter sp. 
Micrococcus sp. 
Lactobacillus sp 

 
Table 8. Isolated culturable Atrazine-degrading bacteria 

 

Treatment       Week 2       Week 4         Week 6  

CPW+ATZ  Bacillus sp. 
Pseudomonas sp. 
 

Acinetobacter sp 
Bacillus sp. 
Pseudomonas sp. 

Acinetobacter sp  
Bacillus sp. 
Pseudomonas sp. 
Enterobacter sp. 

ATZ  Acinetobacter Sp.  
Pseudomonas sp. 

Acinetobacter Sp.  
Pseudomonas sp. 

Acinetobacter Sp.  
Bacillus sp. 
Pseudomonas sp. 

 
The study revealed the presence of four-gram 
negative (Acinetobacter sp., Enterobacter sp., 
Proteus sp., Pseudomonas sp.) and three gram-
positive (Bacillus sp., Lactobacillus sp., 
Micrococcus sp.) indigenous cultural hetero-
trophic bacteria present in the study site (Table 
6). These bacteria responded differently to the 
sampling period and various treatments (atrazine 
application and organic amendment) applied in 
this study. Soil treated with organic wastes only 
gave the highest occurrence of these bacteria 
(CPW only = 85.71%). The organic amendment 
improved the soil condition which necessitated 
the increase in the culturable heterotrophic 
bacterial diversity when compared with the 
control (82.14%) (Table 7). It was observed that 
the total culturable heterotrophic bacterial 

diversity was reduced by 28.57% in the soil 
treated with atrazine only (ATZ), while 
biostimulation using organic materials: 
CPW+ATZ improved the diversity by 17.86%. 
Zhen et al. (2014) reported similar scenario on 
the excessive application of chemical fertilizers 
on croplands which resulted in the degeneration 
of soil microbial biomass, communities, and 
nutrient content. To mitigate this deplorable soil 
condition, they found out that adding manure 
compost significantly increased the number of 
cultivable microorganisms and microbial 
biomass.   Thus, concluded that the application 
of manure compost can immediately improve the 
microbial community structure and diversity of 
degraded cropland soils. A decline in the 
culturable bacterial diversity of the impacted soil 
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was observed at week 2 (after atrazine 
application). This could be as a result of the 
direct impact of the herbicide on the organisms, 
because it has been proved by earlier studies 
[19,20,21] that pollutants (like herbicides) have 
the capability to kill microorganisms, make them 
dormant, or become viable but nonculturable 
(VBNC). A gradual recovery of the culturable 
heterotrophic bacterial community after atrazine 
application was observed. It is believed that this 
gradual recovery in bacterial diversity was hinged 
to a reduction in pollutant’s concentration in the 
soil and gradual stabilization of the perturbed 
soil. Pseudomonas sp. was found to be 
outstanding among all the isolates because it 
occurred in all the treatments and at all the 
sampling periods, having 100% occurrence. 
Bacillus sp. was the next commonly isolated 

bacteria (96.43%). Acinetobacter sp. was the 
least isolated bacteria (32.14%) but having an 
exceptional feature in the sense that it was 
isolated only in atrazine-containing treatments 
(Table 7). This suggests that the herbicide 
(atrazine) has the potential to stimulate the 
culturability of certain latent bacteria in a 
perturbed environment. As earlier reported 
[22,19], atrazine application impacted negatively 
on the soil bacterial diversity. This was clearly 
observed in the soil treated with atrazine only 
(ATZ) in which organisms like Enterobacter sp., 
Lactobacillus sp., Micrococcus sp., and Proteus 
sp. were completely inhibited (were not 
culturable hence not isolated) two weeks after 
atrazine application till the end of the study 
except Micrococcus sp. which recurred at the 
sixth week of post herbicide application. 

 
Table 9. Total culturable heterotrophic bacterial population response to organic amendment 

in atrazine impacted soil 

 
Period Treatment Bacteria(x10

8
cfu/g) 

mean ± S.D 

Week 0 CPW 30.00 ± 0.00
a
 

CPW+ATZ 30.00 ± 0.00
a
 

ATZ 30.00 ± 0.00
a
 

CONTROL 30.00 ± 0.00
a
 

Week 2 CPW 18.05 ± 2.14
b
 

CPW+ATZ 14.00 ± 4.80
b
 

ATZ 11.90 ± 2.83
b
 

CONTROL 28.40 ± 3.39
a
 

Week 4 CPW 20.50 ± 3.33
c 

CPW+ATZ 25.00 ± 2.21
a
 

ATZ 20.50 ± 2.99
c
 

CONTROL 28.50 ± 2.73
a
 

Week 6 CPW 25.25 ± 2.47
c 

CPW+ATZ 32.25 ± 4.60
d
 

ATZ 35.00 ± 4.24
d 

CONTROL 31.60 ± 0.57
d 

ANOVA: Mean with the same superscript in the same column are not significantly different from one another at 
P<0.05  S.D = Standard Deviation 

 
Table 10. Effect of the treatments on soil pH 

 
  Mean pH 95% confidence Interval 

        Lower bound         Upper bound  

Treatment  CPW  5.245
a 

5.034 5.456 
CPW+ATZ  5.553

a 
5.342 5.763 

ATZ  5.420
a 

5.209 5.631 
CONTROL  6.030

b 
5.819 6.241 

Period  Week 0  6.050
a 

5.891 6.209 
Week 2  5.351

b 
5.192 5.511 

Week 4  5.137
b 

4.978 5.297 
Week 6  5.224

b 
5.065 5.384 

ANOVA: Mean with the same superscript in the same column are not significantly different from one another at 
P<0.05 
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This study also revealed that not all the isolated 
bacteria from atrazine-spiked soil were actually 
degrading/utilizing atrazine as a source of 
nutrient in the various treatments containing 
atrazine. This was manifested by Proteus sp. and 
Lactobacillus sp. which were isolated in atrazine-
treated soils but were absent when atrazine 
degradation study was carried out (Table 8). The 
bacteria that indicated atrazine degradation 
potential as isolated using Cit-Atz agar were 
Acinetobacter sp., Enterobacter sp. 
Pseudomonas sp. and Bacillus sp. (Table 8). It 
was observed that Enterobacter sp. was never 
isolated as atrazine degrader in the soil treated 
with ATZ only but manifested as atrazine 
degraders in CPW+ATZ (Enterobacter sp. at 
week 6) (Table 8). This finding corresponds to 
the report of Tejada et al. (2010) who established 
that when organic materials are added to the soil, 
they work through many mechanisms that are 
beyond activation of soil microbial activity and 
promotion of the activities of important soil 
enzymes, which would ultimately culminate to 
increased microbial populations [23]. Soil 
amendment using organic wastes as further 
buttressed by Coleres, (2005), has the capability 
to restrict contaminant availability to 
microorganisms leading to the evolution of 
microbial population that specialize in accessing 
bound contaminants [24]. The study showed that 
CPW+ATZ had more diverse atrazine-degrading 
bacteria than ATZ. With this, it is established that 
the addition of organic materials to atrazine-
polluted soil enhances its recovery 
(microbiologically) after perturbation, and the 
recovery is directly proportional to time (week 6 
having the highest diversity of atrazine 
degraders) and the kind of amendment added. 
The information on Table 8 showed that 
Pseudomonas sp. was the most predominant 
atrazine degrader across all the treatments and 
at all sampling period. This confirms the report of 
Yanze-Kontchou and Gschwind (1994), 
Mandelbaum et al., (1995), Ojo (2007), and 
Hernandez et al. (2008) in which Pseudomonas 
spp. were declared potential atrazine degraders 
[25,26,27,28]. Also, Bacillus sp. [29] 
Acinetobacter sp. [30] and Enterobacter sp. were 
all affirmed atrazine degraders. 

 
The result as shown in Table 9 revealed that the 
various treatments had a significant effect on the 
soil bacterial population. At week two, a 
significant (P<0.05) drop in mean bacterial 
population in all the treatments 
(CPW=18.05±2.14×10

8
cfu/g; 

CPW+ATZ=14.00±4.80×10
8
cfu/g; 

ATZ=11.90±2.83×10
8
cfu/g) was observed when 

compared with the Control (28.40±3.39× 
10

8
cfu/g). The treatments, CPW+ ATZ and 

Control were statistically higher in bacterial 
population than CPW and ATZ treatments at 
week four. Table 9 also showed that CPW 
maintained the least in the bacterial count at 
week six. This result revealed a gradual recovery 
of the bacterial status of the soil to its original 
state based on the prevailing environmental 
condition. The result in Table 9 also showed that 
the bacterial population in ATZ at week six 
(35.00±4.24×10

8
cfu/g) was higher than the 

Control (31.60±0.57×10
8
cfu/g) and the other 

treatments (CPW=25.25±2.47×10
8
cfu/g; CPW+ 

ATZ=32.25±4.60×10
8
cfu/g) though lower in 

diversity (Tables 7 and 8). This result is in 
agreement with Richardson (1970), who 
observed that the growth of some 
microorganisms was stimulated by the lower 
doses of atrazine [31]. This phenomenon of 
enrichment by polluting compounds as observed 
by Zrafi-Nouira et al. (2009) in the swing between 
Gamma and Alpha Proteobacteria in terms of 
abundance and diversity, which latter led to the 
proliferation of Gamma Proteobacteria was 
called “Gamma-shift” [32]. Therefore, it can be 
deduced from the result obtained that the 
increase in bacterial population in the polluted 
microcosms was as a result of this shift. 
 
It was also observed that the mean of the soil pH 
was significantly reduced at P<0.05 after the 
treatments. Results of the ANOVA showed no 
significant (P<0.05) reduction in pH between soil 
treated with CPW (5.25), CPW+ATZ (5.55) and 
ATZ (5.42). However, all the treatments showed 
reduced soil pH, which was significantly (P<0.05) 
lower than the value obtained in the Control 
(6.03).  Weeks 2, 4, and 6 showed no significant 
difference within the mean of their pH values but 
were significantly more acidic than the pH at 
week 0 (Table 10). This is in agreement with the 
results obtained by Maduike et al. (2013), 
Stanley et al. (2013), and Ayansina and Oso 
(2006) which reported a decline in soil pH after 
atrazine application [33,19,34].  Also, this pH 
results concurred with Angelova et al. (2013) 
who reported a significantly reduced soil pH after 
treatment with organic material (compost) [18]. 

 
4. CONCLUSION 
 

The nutrient composition analysis of the organic 
waste used in the study (cassava peel waste), 
showed that it has the capability of improving 
organic nutrient level in the atrazine-impacted 
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soil, thus a great potential in bioremediation of 
atrazine-contaminated soil. It was observed that 
the addition of CPW in the impacted soil 
stimulated the proliferation of the naturally 
selected atrazine-degrading bacteria which is 
believed will improve the rate of atrazine 
degradation in the polluted soil. From the 
observations made in the study, pollutants 
(atrazine) at a tolerable level can improve 
bacterial population (as a result of the 
proliferation of naturally selected degraders) but 
reduce bacterial diversity. It is also believed that 
the addition of organic materials enhanced the 
resuscitation of suppressed or latent microbes 
(caused by atrazine application), thereby 
improving microbial (bacterial) diversity and 
abundance of atrazine degrading microbes in the 
impacted soil. This showed that the addition of 
organic wastes on atrazine-impacted soil helps to 
reduce the effect of the pollutant on soil 
microorganisms (bacteria). From the study, it can 
be deduced that not all microorganisms isolated 
in a polluted environment are actually degrading 
or utilizing the pollutant. It is evident that some 
microorganisms may have the ability to thrive in 
the presence of a pollutant and derive their 
nourishment from other sources within the 
polluted environment other than the                   
pollutant itself. This was proved by the              
presence of Proteus sp. and Micrococcus sp. in 
atrazine-polluted sites and their absence when 
atrazine degradation study by bacteria was 
carried out. 

 
COMPETING INTERESTS 
 
Authors have declared that no competing 
interests exist. 
 

REFERENCES 
 

1. Kudsk P, Streibig JC. Herbicides: A two-
edged sword. Weed Research. 2003;43: 
90-102. 

2. Parsons B, Witt JM. Pesticides in ground-
water in the U.S.A. A report of a 1988 
survey of US States. EM8406, Oregon 
State University Extension Service. 
Archives of Environmental Contamination 
and Toxicology. 1989;18:734-747. 

3. Mada D, Duniya N, Idris GA. Effect of 
continuous application of herbicide on soil 
and enviroment with crop protection 
machinery in Southern Adamawa State. 
International Refereed Journal of 
Engineering and Science. 2013; 2:04-09. 

4. Lioi MB, Scarfi MR, Santoro A, Barbieri R, 
Zeni O, Salvemini F, Berardino DD, Ursini 
MV. Cytogenetic damage and induction of 
pro-oxidant state in human lymphocytes 
exposed in vitro to gliphosate, vinclozolin, 
atrazine, and DPX-E9636. Environmental 
and Molecular Mutagenesis, New York. 
1998;32:39-46. 

5. Ventura BC, Angelis DF, Marin-Morales 
MA. Mutagenic and genotoxic effects of 
the Atrazine herbicide in Oreochromis 
niloticus (Perciformes, Cichlidae) detected 
by the micronuclei test and the comet 
assay. Pesticide Biochemistry and Physio-
logy. 2008;90:42-51. 

6. Allran JW, Karasov WH. Effects of atrazine 
on embryos, larvae and adults of anuran 
amphibians. Environmental Toxicology and 
Chemistry. 2001;20:769–775. 

7. Shapir N, Mongodin EF, Sadowsky MJ, 
Daugherty SC, Nelson KE, Wackett LP. 
Evolution of catabolic pathways: Genomic 
insights into microbial s-triazine meta-
bolism. Journal of Bacteriology. 2007;189: 
674-682. 

8. Mandelbaum RT, Wackett LP, Allan DL. 
Mineralization of the s-triazine ring of 
atrazine by stable bacterial mixed cultures. 
Applied Environmental Microbiology. 1993; 
59:1695-1701. 

9. Assaf NA, Turco RF. Influence of carbon 
and nitrogen application on themineraliza-
tion of atrazine and its metabolites in soil. 
Pesticide Science. 1994;41:4-47. 

10. Sethunathan N, Raghu K, Aggarwal HC, 
Naidu R. Bioremediation of pesticides in 
soils through enhancement of Indigenous 
microbial activities. In Proceedings of the 
2nd International Conference on Conta-
minants in Soil Environment in Australia-
Pacific Region; 1999. 

11. Kadian N, Gupta A, Satya S, Mehta RK, 
Malik A. Biodegradation of herbicide 
(atrazine) in contaminated soil using 
various bioprocessed materials. Biore-
source Technology. 2008;99(11):4642-
4647. 

12. Pal SK, Das Gupta SK. Pest control (Skill 
Development Series no. 15) training and 
fellowship program, international crop 
research institute for semi arid tropics 
(ICRISAT), Patancheru 502324, Andhra 
Pradesh, India. 1994;15-19. 

13. Udikovic N, Hrsak D, Mendas G, Filipcic D. 
Enrichment and characterization of 



 
 
 
 

Maduike and Stanley; AJB2T, 3(1): 1-12, 2018; Article no.AJB2T.40086 
 
 

 
11 

 

atrazine degrading bacterial communities. 
Food Technology and Biotechnology. 
2003;41(3):211-217. 

14. Hui S, Yan H, Qing X, Renyuan Y, 
Yongqiang T. Isolation, characterization, 
and antimicrobial activity of endophytic 
bacteria from Polygonum cuspidatum. 
African Journal of Microbiology Research. 
2013;7(16):1496-1504. 

15. Sangodoyin AY, Amori AA. Aerobic 
composting of cassava peels using 
cowdung, sewage sludge and poultry 
manure as supplements. European 
International Journal of Science and 
Technology. 2013;2(8):22-34. 

16. Abdelhafid R, Houot S, Barriuso E. 
Dependence of atrazine degradation on C 
and N availability in adapted and non-
adapted soils. Soil Biology and Bio-
chemistry. 2000a;32:389–401. 

17. Abdelhafid R, Houot S, Barriuso E. How 
increasing availabilities of carbon and 
nitrogen affect atrazine behaviour in soils. 
Biology of Fertile Soils. 2000b;30:333–340. 

18. Angelova VR, Akova VI, Artinova NS, 
Ivanov KI. The effect of organic 
amendments on soil chemical charact-
eristics. Bulgarian Journal of Agricultural 
Science. 2013;19(5):958-971. 

19. Stanley HO, Maduike EM, Okerentugba 
PO. Effect of herbicide (atrazine and 
paraquat) application on soil bacterial 
population. Sky Journal of Soil Science 
and Environmental Management. 2013; 
2(9):88-97. 

20. Oliver JD. The viable but nonculturable 
state in bacteria. The Journal of 
Microbiology. 2005;43:93-100. 

21. Barer MR. Viable but non-culturable and 
dormant bacteria: Time to resolve an 
oxymoron and a misnomer? Journal of 
Medical Microbiology. 1997;46:629-631. 

22. Ayansina ADV, Ogunshe AAO, Fagade 
OE. Environmental impact assessment 
and the microbiologist: An overview. 
Procedure of 11th Annual National 
Conference of Environment and    
Behaviour Association of Nigeria (EBAN); 
2003.  

23. Tejada M, Garc´ıa-Mart´ınez AM, Gomez I, 
Parrado J. Application of MCPA herbicide 
on soils amended with biostimulants: 
Short-time effects on soil biological 
properties. Chemosphere. 2010;80(9): 
1088-1094. 

24. Coleres GM. Soil organic matter-driven 
selection of atrazine-degrading microbial 
population; 2005. 

Available:http://www.reis.usda.gov./webcri
sprojectpages/195956 

25. Yanze-Kontchou C, Gschwind N. 
Mineralization of the herbicide atrazine as 
a carbon source by a Pseudomonas strain. 
Applied Environmental Microbiology. 1994; 
60:4297-4302. 

26. Mandelbaum RT, Allan DL, Wackett LP. 
Isolation and Characterization of a 
Pseudomonas sp. that mineralizes the S-
triazine herbicide atrazine.  Journal of 
Applied and Environmental Microbiology, 
American Society for Microbiology. 1995; 
61(4):1451-1457. 

27. Ojo OA. Microbial utilization of the 
hydrocarbon components of atrazine in a 
tropical soil environment Southwest, 
Nigeria. African Journal of Infectious 
Diseases. 2007;1(1):25–29. 

28. Hernandez M, Morgante V, Avila M, 
Villalobos P, Miralles P, Gonzalez 
M,Seeger M. Novel s-triazine-degrading 
bacteria isolated from agricultural soils of 
central Chile for herbicide bioremediation. 
Electronic Journal of Biotechnology. (In 
press); 2008. 

29. Wang J, Zhu L, Wang Q, Wang J, Xie H. 
Isolation and characterization of atrazine 
mineralizing Bacillus subtilis Strain HB-6. 
PLoS ONE. 2014;9(9):e107270. 

DOI:10.1371/journal.pone.0107270 

30. Mirgain I, Green GA, Monteil H. 
Degradation of atrazine in laboratory 
microcosms: Isolation and identification of 
the biodegrading bacteria. Environmental 
Toxicology and Chemistry. 1993;12:1627–
1634. 

31. Richardson LT. Effects of atrazine on 
growth response of soil fungi. Canadian 
Journal of Plant Science. 1970;50:594-
596. 

32. Zrafi-Nouira I, Sonda G, Rakia C, Nimer 
MD, Eric P, Amina B, Dalila S, Abdelghani 
S. Molecular diversity analysis and 
bacterial population dynamics of an 
adapted seawater microbiota during the 
degradation of Tunisian zarzatine oil. 
Biodegradation. 2009;20(4):467-486.  

33. Maduike EM, Stanley HO, Okerentugba 
PO. Effect of herbicide (atrazine and 
paraquat) application on soil fungal 



 
 
 
 

Maduike and Stanley; AJB2T, 3(1): 1-12, 2018; Article no.AJB2T.40086 
 
 

 
12 

 

population. Advances in Environmental 
Chemistry and Pollution Studies. 2013;1: 
123–130. 

34. Ayansina ADV, Oso BA. Effect of two 
commonly used herbicides on soil micro 

flora at two different concentrations. African 
Journal of Biotechnology. 2006;5(2):129-
132. 

 

_________________________________________________________________________________ 
© 2018 Maduike and Stanley; This is an Open Access article distributed under the terms of the Creative Commons Attribution 
License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any 
medium, provided the original work is properly cited. 

 
 

Peer-review history: 
The peer review history for this paper can be accessed here: 

http://prh.sdiarticle3.com/review-history/23720 


