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Abstract

The ability of the bacterium Pseudomonas aeruginosa that 
isolated from cultivated soil to degrade some pesticides like 
malathion, cypermethrin and carbofuran was studied by 
investigate the growth kinetics of bacteria in pesticides enriched 
media at different concentrations.                                                                                 
       It was found that P. aeruginosa was more resistant to 
malathion than other pesticides. Growth curves of bacteria showed 
it ablility to grow in mineral salts medium contain malathion 0.1-
1%, cypermethrin 0.1- 0.5% and carbofuran pesticide 0. 1- 0.7%.  
The optimum  concentration which support normal bacterial 
growth during 24 h was found to be 0.7% malathion, 0.3% 
cypermethrin and 0.5% carbofuran. When compared with the 
control test, a significant increased in bacterial population was 
noted at low concentration of each pesticide. The lowest generation 
time of P. aeruginosa was 75 min. when they grown in mineral salts 
medium which containing malathion at concentration 0.5%. The 
results showed that the local isolate    P. aeruginosa had the ability 
to degrade the malathion even at high concentration, and we 
concluded that bacterium can be used as a microorganism for the 
bioremediation of pesticides contaminated soil and water.                                                                 

                                                                                 

 Key words: Pseudomonas aeruginosa, malathion pesticide, 
pesticides resistance bioremediation.                                                                                        
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  ت ا دراPseudomonas aeruginosa ا 

رو   وات واا  

 

 محمدماهر محمود  صفاء عبد الرسول علي قیس قاسم غیمة واثق عباس حتیت

 جامعة بغداد/ معهد الهندسة الوراثیة والتقنیات الاحیائیة للدراسات العلیا

 

 الخلاصة
 

ـا درســت قابل ـة بكتریـ ـة مــن تربــة Pseudomonas aeruginosaیـ  المعزولـ

مزروعة فـي تحلیـل بعـض المبیـدات مثـل مـالاثیون وسـایبیرمیثرین وكـاربوفیوران  مـن خـلال 

وقـد وجـد ان بكتریـا ، بحث حركیات النمو للبكتریا في وسط غنـي بالمبیـدات وبتراكیـز مختلفـة

P. aeruginosaون مـــن بقیـــة المبیـــدات وأظهـــرت  كانـــت اكثـــر مقاومـــة لمبیـــد المـــالاثی

منحنیات النمو ان البكتریا كانت قـادرة علـى النمـو فـي وسـط الامـلاح المعدنیـة الحـاوي علـى 

ـــــز  ـــــز% 1 -0.1المــــــالاثیون بتركیـ ـــــافیوران % 0.5 -0.1والســــــایبیرمیثرین بتركیـ والكاربـ

عة  ســا24بلــغ التركیــز الامثــل لــدعم النمــو البكتیــري الطبیعــي خــلال %. 0.7 -0.1بتركیــز

كـاربوفیوران وعنـد المقارنـة مـع اختبـار  %0.5سـایبیرمیثرین و% 0.3مـالاثیون و % 0.7

السیطرة لوحظ وجود زیادة واضحة في اعداد البكتریا عند التراكیز الواطئة من كل مبید وكـان 

 دقیقـة عنـد النمـو فـي وسـط الامـلاح المعدنیـة الحـاوي علـى مبیـد 75اقل زمن جیل للبكتریـا 

 المحلیــة P. aeruginosaظهــرت النتــائج  ان عزلــة او ،%0.5نــد التركیــز المــالاثیون ع

تمتلك القابلیة لتحلیل المالاثیون حتى عند تراكیز عالیة وعلیه نستنتج ان البكتریـا یمكـن ان 

 .تستخدم في المعالجة الحیویة للتربة والماء الملوثة بذلك المبید

 

مقاومــــة ،  مبیــــد المــــالاثیون،Pseudomonas aeruginosa: الكلمــــات المفتاحیــــة 

 .المعالجة الحیویة، المبیدات
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Introduction

Pesticides had made great impact on human health, production 
and preservation of foods. More than 55% of the land used for 
agricultural production in developing countries used about 26% of the 
total pesticides produced in the  world (8). Soil microorganisms that are 
repeatedly exposed to pesticide may develop new capabilities to 
degrade such chemicals, research studies have revealed that microbial 
degradation process to detoxify pesticides contaminates can be 
effectively used to overcome the pollution problems (2). Soil bacteria 
with the ability to degrade several pesticides have been isolated from 
soil showing enhanced biodegradation such as Pseudomonas and 
Bacillus (14). Biodegradation, ideally the target pesticides will  be able 
to serve as the carbon source and energy for the microorganisms, 
including the synthesis appropriate enzymes if need (16). The survival 
bacteria under pesticides stress can provide an efficient, cheaper and 
eco-friendly solution for bioremediation of the pesticides contaminated 
soil (17). So that research was aim was to isolated and identify 
Pesuedomonas aeruginosa from the cultivated soil, and investigate 
there's biodegradation potential in media containing different 
concentrations of malathion, cypermethrin and carbofuran pesticides by 
study growth kinetics of bacterium.

Materials and methods

Collection of soil samples: 
The soil samples were collected from cultivated fields in 

Almahmodia city. These fields had been already sprayed with many 
pesticides for past few years. Soil samples were collected at different 
sites  of the fields by using sterile scalpel and these  soil samples were 
transferred to sterile polythene bag and used for analysis.

Pesticides used:
Commercial grade insecticides (malathion, cypermethrin and 

carbofuran) were  purchased from agricultural chemical dealers.
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Isolation and maintenance of bacterial colonies:
The bacterial culture capable of degrading pesticides was 

isolated from agricultural soil using enrichment technique, with varying 
concentration of pesticide in the medium. The soil sample 5g from an 
agricultural site was inoculated into 250 ml of nutrient broth medium in 
500 ml Erlenmeyer flask. The flasks were incubated in a shaking water 
bath operating at 240 cycles/ minute for five days at room temperature 
ranged from 20-28 OC. At daily intervals on nutrient agar plates 
supplemented with pesticide 0.1-1% and incubated at 35 OC for 48 hr. 
Individual colonies were sub cultured into nutrient agar plates 
containing same concentration of pesticide until pure culture was 
isolated. The isolated strain was maintained at 4 OC and sub cultured 
every three months.

Identification and characterization of resistant P. aeruginosa:
The pesticides impregnated plates showed morphologically 

dissimilar colonies and the purity of the colonies was isolated in a 
nutrient agar plates. Then the pure bacterial isolates were used for 
identification. The identification and characterization of the isolates 
was performed using morphological, cultural and biochemical tests (5).

Enumeration of pesticides utilizing bacteria:
In the enumeration of pesticides utilizing bacteria Mineral Salt 

Medium (MSM) was used in which pesticides as carbon source. The 
microbial strains of pesticides resistant bacteria were streaked in 
triplicated on the mineral salt media containg pesticides at different 
concentration (0.1%- 1%). After incubation the pesticides utilizing 
colonies were isolated (15).

Growth kinetic studies of pesticides resistant bacterium:
Growth of the isolates was determined by viable cell 

enumeration immediately after inoculation and at 2, 4, 6 and 24 h later. 
Sample of bacterial culture 1ml was drawn at regular intervals and 
serial dilutions 10-5- 10-8 of bacterial culture with and with out addition 
of pesticides (control) was performed using 9 ml sterile saline blank 
(0.85% NaCl: pH=7). Appropriate dilutions of bacterial samples were 
plated in triplicate on nutrient agar medium. After incubation the total 
viable colonies were counted (11).   
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Results and discussion:
In the present investigation, out of a total 9 isolates 4 were 

found P.aeruginosa by using nutrient  agar medium enriched  with  
pesticides (malathion, cypermethrin and carbofuran), One of the largest 
most rapidly growing isolate was selected for growth kinetic study (19). 
These insecticides are part of a group of bioresistant compounds, which 
are not biodegradable by the environment or by conventional treatment 
in water and plant (3). On the basic of morphological, cultural and 
biochemical characteristics, the bacterial isolates were identified as a 
member of the species  P.aeruginosa (4). The ability of isolated 
bacteria to utilize and degrade some pesticides was evaluated in this 
study.

Pesticides resistance pattern of P.aeruginosa was recorded in 
(table, 1). The isolated  native  bacterial colonies of P.aeruginosa
exhibited remarkable resistance to the  pesticides used, were  the  
isolate was more resistant to malathion than other pesticides, 
P.aeruginosa had the ability to resist malathion at different 
concentrations ranging from 0.1- 1%, while it was found  no growing  
of bacterium at the concentration 0.8% carbofuran and 0.6% 
cypermethrin. Previous studies indicated that bacteria belonging to the 
species P.aeruginosa were highly oxidative and able to degrade 
aromatic hydrocarbons, oil, petroleum products and pesticides (1; 12).

The dominant pesticide resistant bacteria, Staphlococcus 
aureus, Enterococcus faecalis and P. aeruginosa had bored plasmids, 
and the resistant trait observed was found to be plasmid borne (18).

Table (1): Pesticides resistance pattern of P. aeruginosa.
Malathion
Conc.%

result
Cypermethrin

Conc%
result

Carbofuran
Conc.%

result

0.1 + 0.1 + 0.1 +

0.2 + 0.2 + 0.2 +

0.3 + 0.3 + 0.3 +

0.4 + 0.4 + 0.4 +

0.5 + 0.5 + 0.5 +

0.6 + 0.6 - 0.6 +

0.7 + 0.7 - 0.7 +

0.8 + 0.8 - 0.8 -
0.9 + 0.9 - 0.9 -
1.0 + 1.0 - 1.0 -

+ =Presence of growth.
- = Absence of growth.
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A series of growth curves was performed with specific doses of 
pesticides (malathion, cypermethrin and carbofuran) in order to 
determine the viable count of P. aeruginosa and to verify whether  they 
could utilize these compounds  for their growth. The optimum 
concentration of each pesticide, which supports bacterial growth, was 
also evaluated. The growth curve of P. aeruginosa in the present of  
different concentrations of malathion 0.1 to 1% had been shown in 
(figure, 1). The stimulatory and inhibitory responses of P. eruginosa
were observed when compared with the control test, the growth pattern 
of P. aeruginosa in the medium containing 0.7 and 0.5%  malathion 
was  similar  to control. The results indicated that malathion 
concentration 1% showed a marked reduction in bacterial count at 24 h, 
this indicated that bacterial enzymes at high concentration suppressed 
and the growth rate thus decreased. The lag phase of growth at 
concentration 0.1% and 1% (6 h) was longer than control (4h) and the 
concentration1% may be toxic to the cells of bacteria while the 
optimum of growth was at 0.7%. The generation time was calculated to 
be 75 min. at 0.5% concentration of malthion in contrast with control 
52.17 min. (table, 2). Detoxification of several organophosphates 
(malathion and parathion insecticides) in the environment was carried 
out by carboxy esterase, and these enzymes are found in many bacteria 
such as P. aeruginosa (9).

Figure 1. Growth of P.aeruginosa in the presence of  
different concentrations of malathion.
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Growth curves experiment with different concentrations of 
carbofuran pesticides (figure, 2) was indicated that carbofuran in 
concentration of 0.1 to 0.5% provoked an increase in bacterial growth 
when compared with the control. It was found a marked reduction in 
viable cell count at concentration 0.7% and 1%, where their was no 
bacterial growth at 6 h with concentration 1% of carbofuran. These 
results indicated that the bacterial isolate of P. aeruginosa was unable 
to utilize carbofuran at high concentration to support their growth 
because of toxicity. It was obvious the difficulty that the bacteria had to 
adapt to this type of pesticides.

Table (2): Generation time in minutes of pesticides resistant P. 
aeruginosa at concentration 0.5%.

medium Generation time (min.)
M SM (control) 52.17

MSM + 0.5% malathion 75

MSM + 0.5% cypermthrin 200
MSM + 0.5% carbofuran 120

MSM= Mineral Salts Medium

The generation time at concentration 0.5% of carbofuran was 
120 min. and this concentration was  the optimum for the higher 
number of bacterial count at 24 h. Many bacteria which able to degrade 
carbofuran pesticide had been isolated  from soil around the world (7). 
P. putida was able to degrade carbofuran to carbofuranphenol and the 
result was degraded to 2- hydroxy- 3- phenol (6). 
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Figure 2. Growth of P.aeruginosa in the presence of  
different concentrations of carbofuran
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A bacterial isolate of P. aeruginosa was also tested to determine 
its potential for cypermethrin degradation. Mineral salts medium was 
inoculated with inoculum of isolate .The extent of growth during 24 h 
of incubation was recorded in (figure, 3). The growth curve showed 
that the growth of bacteria was inhibited at 0.7% concentration and 
significant die at 6h. The isolate could survive at 0.1 to 0.5% 
concentrations but the viable count significantly decreased at 24 h at 
0.5 and 0.1%, while the growth at 0.3% concentration was similar to 
control. Also the generation time at 0.5% was more than other 
pesticides (200 min.) (table, 2.). Our results disagree with the study of 
Muragesan et al. 2010 (13) who found that P.aeruginosa was able to 
grow in the presence of cypermethrin at 0.1 to 1% concentration. P.
aeruginosa was responsible for cypermethrin degradation and the 
increasing of cypermethrin concentration had a marked effect on 
biodegradation performance of P. aeruginosa with increasing in the 
duration of lag phase (10). 
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Figure 3. Growth of P.aeruginosa in the presence of different 
concentrations of cypermethrin.
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From the findings it could be concluded that the bacterial isolate 
could be useful for the treatment of pesticides contaminants in 
industrial effluent and can be detoxify agriculture waste. The use of 
microorganisms in the degradation and detoxification of many toxic 
xenobiotics, especially pesticides, is an efficient tool for the 
decontamination of polluted sites in the environment.
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