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Abstract 

                        The bacterial species having the ability to enhance plant growth by various 

interactions with plants are termed as plant growth-promoting rhizobacteria (PGPR). 

Excessive use of synthetic compounds in agriculture such as insecticides, pesticides and 

fertilizers for improving crop production, the beneficial microorganism present in soil and 

their physiological activities improving soil fertility may be affected adversely. Thus the 

present study was planned to evaluate the effect of commonly used pesticides in Punjab viz. 

buprofezin, monocrotophs and λ-Cyhalothrin on growth Pseudomonas fluoresens. The 

Minimum tolerance limit of P. fluorescens strain against buprofezin was found to be 25 µg/ 

ml, monocrotophos was 45 µg/ml and for λ- Cyhalothrin was 3.125 µg/ml. P. fluorescens 

were able to solubilise phosphate with a mean diameter of 1.0692   in media without any 

insecticide. The diameter was found to decrease when the media was supplemented with 

buprofezin i.e. 0.576   or monocrotophos (0.492  ) or λ- Cyhalothrin (0.538  ). Soil bacteria 

are sensitive to ecological changes and their biomass and biological pattern of existence can 

significantly change because of these disturbances. Thus, it becomes important that the 

insecticides being applied to the fields should be screened for its effect on plant growth 

promoting properties of rhizobacteria before they are applied on the fields.  
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Introduction 

               The bacterial species having the ability to enhance plant growth by various 

interactions with plants are termed as plant growth-promoting rhizobacteria (PGPR). The 

term, ‘Plant growth-promoting bacteria’ was earlier used to define bacteria that colonize the 

rhizosphere of plants and enhancing its growth by number of direct and indirect pathways. 

These properties are depended upon the ability of bacteria to colonize the seeds, survive in it 

and to multiply in the spermatosphere following their ability to attach to the root surface, and 

colonize developing root system (Kloepper and Schroth, 1978). In rhizosphere, in response to 

biochemical interactions between plant exudates and signal molecules released by bacteria, 

very intensive and important interactions occur between the plant, soil, microfauna (Alizadeh 

and Ordookhani, 2011). Specific genes responsible for motility, chemotaxis, fimbrie or pilli 

production and attributes such as production of root exudates, certain cell surface 

components, quorum sensing and protein secretion are important for these interactions. The 

genetic mutations in the expression of above mentioned traits are helping the researchers 

understand their precise role in colonization process (Glick, 1995). 

         Bacteria can improve the plant growth rate by various direct and indirect mechanisms. 

Direct mechanisms help the plant to mobilize various nutrients important for plant nutrition, 

whereas indirect mechanisms help eliminate/lower the deterimental effects of plant pathogens 

on crop yield (Kloepper, 1993). Various biochemical changes in soil are associated with soil 

microfauna. Bacterial species can either directly exert influence on plants by simulating the 

production of plant hormones, production of siderophores (Benizri et al., 2001) or by 

increasing bioavailability of nitrogen, phosphorus and potassium  in the soil (Saharan and 

Nehra, 2011). In soil ecosystem, microorganism including PGPR participates in myriad of 

recycling processes of nutrients to sustain the soil fertility (Barea et al., 2004; Oyeyiala, 

2010). Soil PGPR, specifically stimulate the plant growth solubilising insoluble phosphates, 

fixing atmospheric nitrogen, facilitating uptake of essential plant nutrients and synthesizing 

siderophores and phytohormones (Yadav et al., 2011). Soil bacteria are sensitive to 

ecological changes and their biomass and biological pattern of existence can significantly 

change because of these disturbances. Thus, it becomes important that the insecticides being 

applied to the fields should be screened for its effect on plant growth promoting properties of 

rhizobacteria before they are applied on the fields (Lin et al., 2007).   
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                Certain P. fluorescens srtains have been recently used for seed inoculations for 

crops to promote growth and yield. These bacteria are able to quickly colonize the roots of 

various crops such as sugar beet, potato and radish, leading to significant increase in yield 

upto 144% (Burr et al., 1978). However, the persistence and potential of these microbes for 

plant growth promotion is dependent upon various environmental factors such as soil type, 

nutrient abundance, pH, moisture content and plant-related factors including species and age. 

The presence of P. fluorescence inoculants in the combination of microbial fertilizer plays an 

effective role in stimulating yield and growth traits of chickpea (Rokhzadi et al., 2008).                                         

                

              Although P. fluorescens is used as representative for studying plant growth 

promoting attributes, but the information for the effect of persistence of pesticides in soil on 

plant growth promoting activities of P. fluorescens in the rhizospheric niche have not 

comprehensively been explored. The most direct approach for evaluating the effect of  

insecticide induced changes in PGPR is the use of insecticide tolerant microorganisms (Oves 

et al., 2009). Literature survey shows that the studies have mostly been centered around the 

effect of insecticides on the change in population pattern of soil microflora. Rare studies have 

been focused on the in vitro effect of insecticides on the plant growth promoting activities of 

P. fluorescens. Buprofezin (Chomorise) is a thiadiazine insecticide that inhibit insect growth 

by  inhibiting moulting and exhibiting larvicidal action against Acarina, Coleoptera and 

Hemiptera. Because the chemical itself is very specific to certain insects, it is very safe to 

natural enemies and the other beneficial insects. Monocrotophos (Monocil) is an 

organophosphate insecticide. Lambda-Cyhalothrin (Kingkong) belongs to Pyrethrins that 

include lambdacyhalothrin (λ-cyhalothrin). It disrupts the functioncing of the nervous system 

in organisms causing paralysis and even death.  

As Punjab is the major state contributing agricultural products in India and thus the 

pesticide consumption is also higher in Punjab. The present work was planned to assess the 

impact of different pesticides viz. buprofezin, monocrotophos and λ-cyhalothrin on PGPR 

activities of P. fluorescens species isolated from rhizospheric soil of wheat crop. 

 

MATERIALS AND METHODS 

Bacterial isolates- Thirteen strains of Pseudomonas fluorescens were isolated from wheat 

rhizosphere positive for various plant growth - promoting attributes were used in study. 
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Evaluation of bacterial strains for   tolerance towards insecticides - The isolates were 

tested for their resistance/sensitivity to three insecticides (Buprofezin , Monocrotophos,  λ-

Cyhalothrin) by growing on minimal salt agar (MSA) medium. MSA plates were prepared by 

dissolving 0.2 gm of potassium dihydrogenphosphate, 0.2 gm of dipotassium hydrogen 

phosphate, 0.2 gm of ammonium nitrate, 0.04 gm of magnesium sulfate, 0.04 gm of calcium 

chloride, 0.02 gm of ferrous sulphate, 3 gm of Agar in 200 ml of distilled water. The media 

was sterilized by autoclaving for 15 min at 15 lbs pressure (121
o 
C). Then media was cooled 

and mixed with appropriate concentrations of insecticides viz. Buprofezin, Monocrotophos, 

λ-Cyhalothrin. The media was then poured into the petri plates, cooled and used for spot 

inoculation of the bacterial strains. The bacterial strains were spot inoculated on MSA plates. 

After 72 hrs of incubation at 37
o
C the highest concentration of insecticides supporting 

bacterial growth was taken as maximum tolerance level (MTL). 

The formulation of various insecticides was prepared as follows: 

(i) Buprofezin: Chemorise (Cheminova, Denmark) is an insecticide which contains 25% 

buprofezin w/v. For field applications, the required quantity of insecticide is diluted 

with water as per spray volume required and mixed well. 6.25 µg/ml of buprofezin 

diluted in water is used for field applications. To check the MTL of bacterial isolates, 

the isolates were inoculated on MSA containing varying concentration of buprofezin 

from 6.25 µg/ml to 50 µg/ml. 

 

(ii) Monocrotophos: Monocil is an organophosphate insecticide which contains 36% 

monocrotophos w/v. For field application, the required quantity of insecticide is 

diluted with water as per spray volume required and mixed well. 9 µg/ml of 

monocrotophos diluted in water is used for field applications. To check the MTL of 

bacterial isolates, the isolates were inoculated on MSA containing varying 

concentration of monocrotophos from 9 µg/ml to 72 µg/ml.  

 

(iii) Lambda-Cyhalothrin: It is an insecticide; belonging to the pyrethroid chemical class 

which contains λ-cyhalothrin 2.5% w/v. For field application, the required quantity of 

insecticide is diluted with water as per spray volume required and mixed well. 0.62 

µg/ml of λ-Cyhalothrin diluted water is required for field applications. To check the 

MTL of bacterial isolates, the isolates were inoculated on MSA containing varying 

concentration of λ-Cyhalothrin from 0.62 µg/ml to 5.0 µg/ml.   
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     Phosphate  Solubilization by  bacterial strains: 

Effect of each pesticide on phosphate solubilization was checked by inoculate the p. 

fluorescens isolate on pikovskaya agar (Pikovskaya, 1948). Pikovskaya agar (HiMedia, 

Mumbia) was prepared by supplementing with different insecticides viz. buprofezin 25 

µg/ml, monocrotrophos 45 µg/ml, λ-Cyhalothrin 3.125µg/ml. The plates without 

insecticides were taken as control. P.fluorescens isolates were spot inoculated on 

Pikovskaya agar plates within and without insecticides. The plates were incubated at 37
o
C 

for seven days and observed for formation clear zone formation. The diameter of clear 

zone formed around the each bacterial colony was measured. 

 

Results and Discussion: 

Evaluation of bacterial isolates for tolerance towards insecticide: P. fluorescens grew 

well when inoculated in media contains varying concentrations of different insecticides and 

showed a variable tolerance towards tested chemicals. It was observed that P. fluorescens 

grew well in media containing different concentrations of buprofezin. The tolerance levels of 

P. fluorescens against the buprofezin ranged between 6.25 µg/ml to 25 µg/ml and did not 

show any growth in media contains buprofezin more than 25µg/ml. Hence the MTL value of 

the P.fluorescens strain against buprofezin were 25 µg/ml as shown in Table 1. P. fluorescens 

showed growth was taken as against the monocrotophos with concentration ranging between 

9 µg/ml to 45 µg/ml. The MTL value of the P. fluorescens strain against monocrotophos was 

found to be 45 µg/ml as given in Table 2. 

The tolerance levels of P. fluorescens against the λ-Cyhalothrin was found to be ranging 

between 0.625 µg/ml to 3.125 µg/ml. The MTL value of the P. fluorescens strain against λ-

Cyhalothrin was 3.125 µg/ml as given in Table 3. 

          Table 1. Growth of P. fluorescens in different concentrations of buprofezin 

 Concentration of Buprofezin (µg/ml) 

Isolates 6.25 12.5 18.75 25 31.25 37.5 43.75 50 

P. fluorescens PS-1 Yes No No No No No No No 
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P. fluorescens PS-2 Yes Yes Yes Yes No No No No 

P. fluorescens PS-3 Yes Yes Yes Yes No No No No 

P. fluorescens PS-4 Yes Yes Yes Yes No No No No 

P. fluorescens PS-5 Yes Yes Yes Yes No No No No 

P. fluorescens PS-6 Yes Yes Yes Yes No No No No 

P. fluorescens PS-7 Yes Yes Yes Yes No No No No 

P. fluorescens PS-8 Yes Yes Yes Yes No No No No 

P. fluorescens PS-9 Yes Yes Yes Yes No No No No 

P. fluorescens PS-10 Yes Yes Yes Yes No No No No 

P. fluorescens PS-11 Yes Yes Yes Yes No No No No 

P. fluorescens PS-12 Yes Yes Yes Yes No No No No 

P. fluorescens PS-13 Yes Yes No No No No No No 

Yes means +ve, No means -ve 

Table 2. Growth of P. fluorescens in different concentrations of monocrotophos 

 Concentration of Monocrotophs (µg/ml) 

Isolates 9 18 27 36 45 54 63 72 

P. fluorescens PS-1 Yes Yes Yes No No No No No 

P. fluorescens PS-2 Yes Yes Yes Yes Yes No No No 

P. fluorescens PS-3 Yes Yes Yes Yes Yes No No No 

P. fluorescens PS-4 Yes Yes Yes Yes Yes No No No 

P. fluorescens PS-5 Yes No Yes Yes Yes No No No 

P. fluorescens PS-6 Yes Yes Yes Yes Yes No No No 
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P. fluorescens PS-7 Yes Yes Yes Yes Yes No No No 

P. fluorescens PS-8 Yes Yes Yes Yes Yes No No No 

P. fluorescens PS-9 Yes Yes Yes Yes Yes No No No 

P. fluorescens PS-10 Yes Yes Yes Yes Yes No No No 

P. fluorescens PS-11 Yes Yes Yes Yes Yes No No No 

P. fluorescens PS-12 Yes Yes Yes Yes Yes No No No 

P. fluorescens PS-13 Yes Yes Yes No No No No No 

Yes means +ve, No means -ve 

             In this study, rhizobacterium P. fluorescens grew well on plates with the varying 

concentrations of insecticides and exhibited varying degree of tolerance levels against tested 

insecticides. In agreement to this finding,other gram negative bacteria, Pseudomonas and 

Flavobacterium shown resistance towards organophosphorous insecticides (Nazarian and 

Mousawi 2005). To overcome toxic effect of pesticides including insecticides, rhizobacteria 

may either biodegrade or hydrolyse pesticide enzymatically (Ahemad and Khan, 2010). 

   Table 3. Growth of P. fluorescens in different concentrations of λ- Cyhalothrin 

 Concentration of λ- Cyhalothrin (µg/ml) 

Isolates 0.62 1.25 1.875 2.5 3.125 3.75 4.375 5.0 

P. fluorescens PS-1 Yes Yes Yes No Yes No No No 

P. fluorescens PS-2 Yes Yes Yes Yes Yes No No No 

P. fluorescens PS-3 Yes Yes Yes Yes Yes No No No 

P. fluorescens PS-4 Yes Yes Yes Yes Yes No No No 

P. fluorescens PS-5 Yes Yes Yes Yes Yes No No No 

P. fluorescens PS-6 Yes Yes Yes Yes Yes No No No 

P. fluorescens PS-7 Yes Yes Yes Yes Yes No No No 
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P. fluorescens PS-8 Yes Yes Yes Yes Yes No No No 

P. fluorescens PS-9 Yes Yes Yes Yes No No No No 

P. fluorescens PS-10 Yes Yes Yes Yes Yes No No No 

P. fluorescens PS-11 Yes Yes Yes Yes Yes No No No 

P. fluorescens PS-12 Yes Yes Yes Yes Yes No No No 

P. fluorescens PS-13 Yes No No No No No No No 

   Yes means +ve, No means -ve 

 In similar study, Ahmed and Khan (2010) also reported that phosphate solubilizing P. 

aeruginosa strain PS-1 exhibited good tolerance towards clodinafop and quizalafop-p-ethyl 

when grown in a minimal salts medium supplemented with increasing concentrations of 

quizalafop-p-ethyl and clodinafop. The variation in sensitivity/tolerance of rhizobacteria to 

pesticides may be assigned to their metabolic pathway which degrade xenobiotics or convert 

them into less toxic forms (Johnsen et al., 2001). In this study, P. fluorescens demonstrated 

higher tolerance levels against the selective insecticides. Since the medium was not 

composed of any C and N sources apart from the tested insecticides, the P. fluorescens strain 

have utilized insecticides as their energy source. 

Effect of Pesticides on Phosphate solubilization: The phosphate solubilizing activity of P. 

fluorescens in the presence of insecticides buprofezin, monocrotophos and λ-Cyhalothrin was 

evaluated on Pikovskaya agar as shown in Table 4. They formed clear zone on Pikovskaya 

agar medium plates where spot inoculation was done on plates. The clear zone around 

bacterial colonies was observed on Pikovskaya agar media containing pesticides and without 

pesticides with varying diameter. In case of buprofezin, the 11 isolates of P. fluorescens were 

capable of solubilizing phosphate. They produced clear zone with diameter range between 0.5   

to 1.0  . PS-4 and PS-12 were found to be negative for solublizing phosphate. In case of 

monocrotophos, the 10 isolates of P. fluorescens were phosphate solubilizers i.e were capable 

of solubilizing phosphate. They produced clear zone with diameter range between 0.4   to 0.8  

. PS-4, PS-9 and PS-12 were found to be negative for solubilizing phosphate in the presence 

of monocrotophs. In case of λ-Cyhalothrin, the 12 isolates of P. fluorescens were found to be 

phosphate solubilizers i.e were capable of solubilizing phosphate. They produced clear zone 

with diameter ranging from 0.3   to 1.2   only one isolate PS-1 doesn’t produced any clear 
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zone around the colony and hence was capable of solublizing phosphate in the presence of 

pesticides.  

             When the mean values for phosphate solubilization by all isolates were compared in 

media containing pesticide or without pesticides, it was observed that the mean diameter for 

phosphate solubilization decreased in the presence of insecticides. P. fluoresencs were able to 

sulubilze phosphate with a mean diameter of 1.0692   in media without any insecticide.  The 

diameter was found to decrease when the media was supplemented with buprofezin i.e. 0.576   

or monocrotophs (0.492  ) or λ-Cyhalothrin (0.538  ). (Figure1). 

                             Table 4. Phosphate solubilization by P. fluorescens 

Isolates Clear zone on Pikovskya agar (in  ) 

 control 

 

buprofezin Monocrotophos λ-Cyhalothrin 

P. fluorescens PS-1 1.0   0.6  0.5   0   

P. fluorescens PS-2 0.6   0.5   0.6   0.5   

P. fluorescens PS-3 1.2   0.7  0.7   0.4   

P. fluorescens PS-4 1.0   0   0   0.8   

P. fluorescens PS-5 1.8   1.0   0.8   1.2   

P. fluorescens PS-6 1.0   0.8   0.8   0.8   

P. fluorescens PS-7 1.0   0.8   0.5   0.3   

P. fluorescens PS-8 1.3   0.5   0.7   0.6   

P. fluorescens PS-9 1.4   0.7   0   0.5   

P. fluorescens PS-10 1.3   0.6   0.6   0.4   

P. fluorescens PS-11 1.2   0.8   0.8   0.7   

P. fluorescens PS-12 0.8   0   0   0.5   
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P. fluorescens PS-13 0.6   0.5   0.4   0.3   

 

 

Fig.1. Mean phosphate solubilization production by P. fluorescensin the presence and 

absence of pesticides. 

 Conclusion 

In the present study, the insecticide buprofezin, monocrotophs and λ-Cyhalothrin at all 

concentrations exhibited varying degree of toxicity towards plant growth promoting attributes 

of P. fluorescens strains. The P. fluorescens strains had ability to solubilise phosphorus in 

presence of insecticides, thus can be applied as biofertilizer for agumentaion of phosphrous in 

insecticide containing soils. High insecticide-tolerance traits of these bacteria can be 

exploited to degrade these xenobiotics from the insecticide containing soil.  
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