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Abstract 

Pesticides are applied in agriculture sector to protect the crops from different type of pests such as insects, weeds, 
fungi and herbs. The applied pesticides not only reach to the target pests but they have also adverse effect on non-
target microorganism in soil. Chlorpyrifos (CP) is an organophosphorus insecticide which is widely used to control 
various type of insects, such as termites, beetles and mosquitoes. In this work, the effect of Chlorpyrifos on Nitrogen 
Fixing bacteria has been investigated, for that soil sample was taken from fertile land near Kotri city of district 
Jamshoro and brought to laboratory in the Institute of Environmental Engineering and Management for further 
analyses. The 1 g of soil sample was dissolved in 9 ml of distil water in test tube and properly mixed by shaking for 5 
minute, the series dilution was made up to 10-2 times. For the isolation of nitrogen fixing bacteria agar medium was 
prepared and poured in petri dishes, then 0.1 ml of diluted soil sample was added in each petri dish separately. The 
standard solutions of 5, 10, 20, 40 and 50 ppm of Chlorpyrifos was prepared respectively. One sample was selected as 
a control, while 0.1 ml from chlorpyrifos solutions  (5, 10, 20, 30, 40 and 50 ppm) was inoculate in remaining samples 
respectively. All the samples then placed in incubator at 32 C for 48 hours, after incubation the bacterial colonies 
grown on agar plate surface was observed by plate count method. The observation showed  that control sample 
contained more number of bacterial colonies, while in other samples it were decreases as the CP concentration was 
increased. For the identification of bacterial colonies, gram staining of bacteria has been done by using microscope, 
which confirmed that the grown bacteria was nitrogen fixing bacteria. For residue analyses in soil,  recommended dose 
of CP has been sprayed by diluting with tape water on soil surface, then samples were collected at different time 
period, the us-epa standard method was used to recover chlorpyrifos from soil samples and were analyzed on GC-MS. 
This research work shown that Chlorpyrifos has  negative affect on Nitrogen Fixing bacteria, therefore the massive use 
of pesticide can create serious impacts on naturally occurring nitrogen fixation process, which will lead to the 
reduction in crop production. 
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1. Introduction 

Pesticides are used in the agriculture sector to control the various type of pests in order to increase the crop production. 

It is estimated that about 3x109 kg of different type of pesticides are used annually, worldwide [1]. The previous 

investigations shown that only 0.1% of the applied pesticides reach to the target microorganism, while remaining 

amount contaminates the soil environment [2]. Chlorpyrifos [(O, O-diethyl O-(3, 5, 6-triichloro-2-pyridinyl)-

phosphonothioate)] is an organophosphorus insecticide which is widely used in agriculture sector to protect the crop 

from various type of insects such as, beetle, termites and mosquitos [3]. It is less soluble in water as compare to 

organic solvent [4]. Moreover, the half-life of Chlorpyrifos ranging from one week to a year or above, depending on 

the different parameter such as soil type and climate conditions [5].  

Nitrogen, is an important nutrient required for the growth of plants, but in order to use it for growth it must be 

converted into ammonium or nitrate ions [6]. Biological Nitrogen Fixation is naturally occurring process by which 

nitrogen in the atmosphere is converted into ammonia with the help of microorganism called nitrogen fixing bacteria, 

mostly these bacteria are free living soil organism, however few have symbiotic association with host plants. 
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Biological Nitrogen Fixation is the key step in the global nitrogen cycle, it has been estimated that over 150 Tg of 

atmospheric nitrogen has been fixed annually worldwide [7].  Soil contain various type of bacteria, among them 

nitrogen fixing bacteria are very crucial because of their ability to fix atmospheric nitrogen [8]. These bacteria found 

in both acidic as well as in alkaline soil, species like Azotobacter beijerinckii are abundant in acidic soil, while 

Azotobacter chroococcum and Azotobacter vinelandii are mostly reported in tropical soil [9].  

In previous studies it is found that various type of pesticides have serious effects on certain group of microorganisms, 

such as fungi, nitrifiers, nitrogen fixing and heterotrophic bacteria [10]. Among all pesticide categories, insecticides 

are generally considered as more toxic then fungicides and herbicides [11]. Due to their toxic nature they are also 

harmful for nitrogen fixing bacteria, as they reduce the bacterium’s respiration rate and also inhibit its ability to fix 

nitrogen [12]. The enzyme that used by organism to convert nitrogen into ammonia is called nitrogenase [13]. 

According to previous investigations, it is found that applied pesticides reduced the efficiency and also affects the 

other beneficial activities of these enzymes. Therefore past evidence clearly shown that pesticides effects either 

directly or indirectly to the soil microorganism, these could be less or more depending on the different parameter like 

mode of pesticide application and soil environment. The present study was carried out to investigate the effect of 

chlorpyrifos on nitrogen fixing bacteria in soil.   

2.  Materials and Methods 

2.1. Chemicals & reagents  

The Chlorpyrifos pesticide (40% EC, Engro Group) was purchased from agrochemical shop located in the Hyderabad 

city of province Sindh. The Acetone (AR Grade of SIGMA-ALDRICH) was purchased from “Water and chemical 

solutions store Gujranwala” and n-hexane (99.9% pure HLPC grade) was purchased from daejung Chemicals and 

Metals Korea. Potassium phosphate monobasic (KH2PO4), Phosphoric acid (H3PO4) of SIGMA-ALDRICH, Agar 

(C14H24O9), Glucose (C6H12O6H2O), Calcium Carbonate (CaCO3) was purchased from globe scientific store 

Hyderabad Pakistan. The reagents, 98% acetone /1% phosphoric acid /1% water was prepared by adding 98 ml of 

acetone : 1 ml of phosphoric acid :1 ml of water in 100 ml of volumetric flask, also the another  reagent “1% 

phosphoric acid/ 99%” water was prepared by adding 1 ml of  phosphoric acid in 99 ml of water.  

2.2.  Collection and preparation of sample 

The soil samples were collected from lady figure crop near Kotri city of district Jamshoro, the samples were collected 

at the depth of 3 cm in sterilize polyethene bags. First the soil sample was grounded with mortar and pestle to remove 

adhering microorganism, then 1 g of sample was dissolved in 9 ml of distill water in test tube and was properly mixed 

by shaking for 5 min, the series dilution were then made up to 10-2  times.  

2.3. Preparation of solid Agar Medium  

The composition of medium required for the isolation of nitrogen fixing bacteria (azotobacter) is listed below.  

Table. 1. Number of bacterial colonies at different concentration of chlorpyrifos 

S.No Name of Compound Concentration (g/l) 

01 Distilled Water  1000 ml         

02 Glucose  20 

03 Calcium Carbonate  20 

04 Anhydrous Magnesium Sulphate  0.5 

05 Dipotassium Phosphate  1.0 

06 Agar (C14H24O9)  15.0   

07 Reference  [14] 

All the component listed above was measured with weighing balance and putted into conical flask containing 1000 ml  

of distill water, the pH of medium adjusted to 7.4 and was autoclaved at 121 C for 15 min. After autoclavation the 

medium was poured into petri dishes for solid agar medium.  
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2.4. Preparation of different dose of chlorpyrifos  

The 250 mg of chlorpyrifos (40%) was dissolved in 100 ml of water in a 100 ml volumetric flask to obtain 1000 ppm 

stock solution. A working standard solution was made at a concentration of 100 ppm by diluting with water, further 

the different standard solutions were made serially at a concentration of 5, 10, 20, 30, 40, and 50 ppm. 

2.5. Isolation and identification of nitrogen fixing bacteria  

For the isolation, 0.1 ml of diluted soil sample was separately added into each petri dish by sterilized pipet. One 

sample was selected as a control, while 0.1 ml from chlorpyrifos solutions  (5, 10, 20, 30, 40 and 50 ppm) was 

inoculate in remaining samples respectively. All the sample was incubated at 32 C for 48 hours and after incubation 

results were observed by plate count method. For identification of grown bacterial colonies, gram staining technique 

was used, for that a grease free slide was taken and smear of culture was prepared on it, then it was dried in air and 

fixed on low flame. The crystal violet was then poured and after one minute it has been washed with tape water. Then 

it was flooded with iodine solution and almost one minute later, was rinsed with water. The smear was decolorized by  

alcohol (95%) and has been washed with water, then safranin was added and after one minute it was washed with 

water and dried in air. Finally the stain was observed by microscope. 

2.6. Analyses of chlorpyrifos residue in soil  

2.6.1. Field Experiment  

The 375 mg of chlorpyrifos (40%) was dissolved in 100 ml of tape water and applied by sprayer in pot containing 4 kg 

of soil, the first soil sample was collected at the time of spray and then second sample was collected after 2 h, the third 

and fourth sample was collected at 2nd and 3rd day respectively. However the 5th  sample was collected after 60 days 

of  pesticide application to check the pesticide residue in soil. 

2.6.2. Recovery of Chlorpyrifos from soil sample 

The US-EPA standard method was used to extract chlorpyrifos from soil. First The treated soil samples was taken and 

mixed properly by using spoon, then 5 g from each sample was weighted in 11-dram vials. After that 20 ml of 98% 

acetone/1% phosphoric acid/ 1% water was added to the samples and were sonicated for 5 minutes. After sonication 

the samples was shacked at 280 excursions per minute for 30 min and then placed in centrifuge at 2500 rpm for 5 

minute. Then 10 ml of solution was transferred to 16x100 mm culture test tube and evaporated to 3 ml in water bath 

(Temperature of water was under 40-45 C and rate of evaporation 7ml/10 min). After that 20 ml of 1%phosphoric 

acid/99% phosphoric acid was added in the solution and extracted with 1 ml of hexane by shaking for 15 min. Again 

the solution was centrifuged at 2500 rpm for 5 min and filtered by using filter paper.  

2.6.3. GC-MS Analyses 

The chlorpyrifos residue analyses in soil sample was carried out by GC-MS (SHIMADZU) equipment. For the 

standard solutions of chlorpyrifos first the 1000 ppm of stock solution was prepared by dissolving 250 mg of 

chlorpyrifos (40%) in 100 ml of acetone, then working standard at a concentration of 100 ppm was prepared and 

finally standard solution of chlorpyrifos at a concentration of 10 and 30 ppm was prepared by diluting in acetone. All 

the instrument parameter listed below in table 2 was set and after running the standard solutions, the prepared sample 

in vials was placed in GC-MS for chlorpyrifos residue analyses.  

 
Table. 2. Instrument parameters for chlorpyrifos analysis  

Instrument  GC-MS 

Column  DB-1 liquid phase, 20 m x 0.18mm LD, 0.4 um film thickness 

Detector MS detector  

Detector Temperature 285 C 

Oven Temperature (Column) 80 

Injection port temperature 250 C 

Injection volume 1uL 

Gas flow rate 1.25 ml/min 
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3. Results and Discussions 

3.1. Observing effect of CP on Nitrogen Fixing Bacteria   

The effect of chlorpyrifos on nitrogen fixing bacteria was observed by plate count method, after incubation the 

bacterial colonies on the surface of agar plate was counted, by counting the number of bacterial colonies it was 

observed that the control sample contained more number of colonies but they were continuously decreases in other 

samples as the chlorpyrifos concentration was increases. The sample which treated with maximum concentration of 

chlorpyrifos has grew less number of bacterial colonies as compare to other samples, the result indicated that 

chlorpyrifos reduced the bacteria’s population in agar medium which showed that CP effect negatively to the nitrogen 

fixing bacteria. The data of bacterial colonies grown at different concentration of chlorpyrifos is given in table below.   

Table. 3. Effect of CP on Nitrogen Fixing Bacteria 

S.No. Pesticide Concentration(ppm) Number of colonies 

01 Control sample 21 

02 05 13 

03 10 11 

04 20 08 

05 30 07 

06 40 04 

07 50 02 

 

 

 
 

 

3.2. Identification of Nitrogen Fixing Bacteria   

Moreover, the grown bacterial colonies was identified with gram staining technique by using microscope, the size, 

shape, color and gram stain of bacteria was observed, the result showed that bacteria was in spherical shape and their 

color was slightly red, also the  gram stain of bacteria was negative. The results was compared with [15] which 

confirmed that grown bacteria was nitrogen fixing bacteria.           
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Fig.1. Bacterial colonies at                                                     Fig. 2. Gram Staining of Nitrogen fixing Bacteria 

                           (a) Control sample (b) 10 ppm (c) 40 ppm (d) 50 ppm 

 

3.3. Chlorpyrifos residue analyses in soil   

After the application of chlorpyrifos its concentration in soil was increases from 15 to 35 ppm in first 2 h, the 

concentration was decreasing slowly in soil, this might be due to vaporization or degradation [16] concentration 

reached to 25 ppm at 2nd day and back to almost initial concentration level after 3rd day of application. The 

chlorpyrifos was not detected in soil sample collected after 60 days of pesticide spray. 

Table. 04. Pesticide residue in soil at different time period   

S.No. Time Pesticide Concentration(ppm) 

01 At the time of spray 15 

02 After 2 h 35 

03 2nd day 25 

04 3rd day 13 

05 60 days Not Detected 

 

 

Retention Time: 11.655 

Mass Peaks: 362 

Base Peak: 97 

Raw Model: Single 11.655 

BG Model: 11.620   

 

 

 
                                              Fig.  3. Chromatograph of standard 10 ppm                               Fig. 4. Spectrum of sample 10 ppm 

 

 

  

4. Conclusion 

This study was carried out to check the effect of commonly used chlorpyrifos pesticide on nitrogen fixing bacteria 

which are beneficial for the plants growth and for the more crop yield. The effect was checked by comparing the 

number of colonies in control sample and the samples which incubate by adding different concentration of pesticide. 

The result showed that the low concentration of chlorpyrifos have little effect on bacteria’s  growth, while more 

concentration highly reduced the bacteria’s population. This study concluded that pesticide are beneficial for better 

crop production but also the it’s high dose is harmful for nitrogen fixing bacteria. 
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