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Abstract  

Additives are the chemical compounds generally used in the insecticides formulations. Benzyl benzoate is one of such 

additive generally used in the formulation of neonicotinoid insecticides. Similar to insecticide, additives are also responsible 

for the potential toxicity in soil environment. The present research work describes Optimization of soil parameters for benzyl 

benzoate degradation by Pseudomonas desmolyticum NCIM 2112. Soil degradation study shows the complete degradation of 

benzyl benzoate in soil with increase in number of soil microflora and CO2 evolution rate. Due to biodegradation of benzyl 

benzoate by Pseudomonas desmolyticum NCIM 2112 increase in soil fertility was observed. 
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Introduction 

Insecticides are widely used in most areas of the crop 

production to minimize infestations caused by insects to crops
1
. 

Use of insecticides constitutes an important aspect of modern 

agriculture, as they are routinely used by farmers for pest 

management
2
. Additives are generally used in insecticide 

formulation and are responsible for toxicity to the insects
3
. 

Benzyl benzoate is one of such additive mainly used to 

eliminate lice and mites 
4
. Benzyl benzoate is generally used in 

many products and formulations therefore it is of major 

environmental concern
5
.  

 

To avoid the loss in agriculture, it is imperative to use 

insecticides with its additives in the agriculture field to such an 

extent that will not arise any other ecological factors. But the 

overexposure of insecticide in the agriculture field results into 

bioaccumulation and biomagnification of these compounds in 

the environment
6
. Addition of insecticide affects the microbial 

components of an ecological niche and therefore effect is 

observed on biotransformation reaction occurring in soil
7
. In 

case of soil, smaller particles i.e. clay is responsible for 

adsorption of insecticide additives
8
. Immobilization of 

insecticidal residues takes place by the clay particles and if the 

overexposure of insecticide residues takes place it shows 

adverse effect on the growth of microorganisms
9
. Due to 

adsorption of insecticide additives to clay particles decrease in 

number of soil microorganisms has been reported and concluded 

that it results into slower decomposition of organic matter in 

soil
10

. Humic acid is one of the most active ingredients of soil 

organic matter. Presence of insecticide residues reduces the 

mobility of humic acid in agriculture soil
11,12

. 
 

Persistence of the particular insecticide additive in the soil 

depends upon the microbial systems present in that soil. In such 

cases, where innate microbial population of the soil is unable to 

degrade insecticides, the external addition of insecticide 

degrading microflora is recommended
13

.  In such case, 

biodegradation of organophosphorus insecticide chlorpyriphos 

by means of Pseudomonas desmolyticum NCIM 2112 has been 

reported and concluded that by means of external addition of 

such insecticide degrading bacteria it is possible to reduce the 

residual toxicity of insecticide in soil
14

.  

 

Contaminated land due to repeated use of insecticide with its 

additives is a potential threat to human health and its continual 

use leads to adverse effect on environment. This investigation 

deals with Optimization of soil parameters for benzyl benzoate 

degradation by Pseudomonas desmolyticum NCIM 2112. 

 

Methodology 

Insecticide additive: Benzyl benzoate of 99.99% purity was 

purchased from Loba Chemicals, Mumbai, India. 

 

Growth of Bacteria: Growth of P.desmolyticum NCIM 2112 

was monitored in mineral based medium
14

, having composition 

as, 0.3% NaNO3, 0.1% K2HPO4, 0.05% MgSO4, 0.05% KCl, 

0.0001% FeSO4, 0.05% yeast extract, glucose 1.0 % and pH 

7.00 at 28
0
C under aerobic conditions on rotary shaker at 120 

rpm.  

 

Toxicity of benzyl benzoate on different soil parameters: 
Soil sampling and preparation: 100g (dry weight equivalent) of 

soil sample having no known insecticide exposure was sieved 

through a mesh with 2mm diameter pores. The clay content was 

determined
15

. As soil energy transfer processes takes place in 

presence of moisture its maintenance during the experiment was 

done by adding five milliliters of distilled water in the soil. 
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Benzyl benzoate at 10μg.g
-1

 of concentration was added in soil 

and mixed well. Microbial inoculum of P.desmolyticum NCIM 

2112 at 3.5 x 10
5
   cfu /ml cell density was used throughout the 

experiment to study the biodegradation of benzyl benzoate in 

soil. A control set of fertile soil containing neither benzyl 

benzoate nor P.desmolyticum NCIM 2112 was run parallel to 

the experiment.   

 

Toxicity on organic carbon and organic matter content of 

soil: The toxicity of benzyl benzoate on organic carbon and 

organic matter content of soil was assessed by preparing two 

sets as - one containing the benzyl benzoate but without 

P.desmolyticum NCIM 2112 while another set contains benzyl 

benzoate and P.desmolyticum NCIM 2112. The soils samples 

were analyzed after every 5 days interval up to 15 days
16

.   

 

Toxicity on microbial flora of soil: The toxicity of benzyl 

benzoate on soil microorganisms was studied by treating the soil 

with benzyl benzoate and compared with the soil having 

P.desmolyticum NCIM 2112 inoculum. Effect of degradation on 

soil microbial flora was studied at every 5 days interval up to 15 

days, for both soil samples.   

 

Toxicity on humic acid  and trace element content of soil: 

Initial humic acid content and trace elements of soil was 

determined as per the methods described previously
17

. Toxicity 

of benzyl benzoate on different trace elements mainly Cu
++

, 

Fe
++

, Mn
++

, Zn
++  

at 10μg.g
-1 

of
 
concentration alone and in 

presence of P.desmolyticum NCIM 2112 was studied. Detection 

of trace elements was done after 5, 10 and 15 days of incubation 

with P.desmolyticum NCIM 2112 by using atomic absorption 

spectrometer (Perkin Elmer A analyst 300). 

 

Soil respiration study: Amount of CO2 evolved from soil in 

presence of benzyl benzoate as well as in presence of both 

benzyl benzoate and P.desmolyticum NCIM 2112 inoculum was 

determined as per the method described previously
18

.  In this 

experiment, 5 ml of benzyl benzoate solution having 10 ppm 

concentration was mixed with 100 gms of sieved soil. This 

mixture was taken in 250ml flask. To correlate the degradation 

of benzyl benzoate with soil respiration, 10 ml cell suspension 

of Pseudomonas desmolyticum NCIM 2112 with 3.5 x 10
5
 cfu 

/ml cell density was added at the bottom of flask. A control set 

containing only 100 gms of sieved soil was also run parallel to 

it. To trap the CO2 evolved due to microbial activities during 

incubation, 30ml of 1M NaOH solution was taken in small glass 

beaker and it was placed inside the flask. The flask were then 

sealed and incubated at room temperature (27±1
0
C). During 

incubation, the NaOH was renewed at every 2, 5 and 10 days of 

interval. The trapped CO2 was titrated with standard 0.1N HCl 

and pH was measured by pH meter (PICO, Lab India). The 

amount of CO2 was expressed as μg of CO2-C evolved g
-1

 of 

soil. 

     

Statistical analysis: All the experiments were carried out in 

triplicate. Analysis of the variants was carried out on all data at 

P< 0.05 using Graph Pad software. (Graph Pad Instat version 

3.00, Graph Pad software, San Diego, CA, USA).  

 

Results and Discussion 

Effect of benzyl benzoate on various soil parameters: Effect 

on Organic carbon and Organic matter content of soil: 

Effects of benzyl benzoate on soil parameters before and after 

degradation are summarized in table-1.  It indicates that soil 

containing benzyl benzoate shows constant percentage of 

organic carbon as well as organic matter. On the contrary in 

presence of   P.desmolyticum NCIM 2112 the organic carbon 

and organic matter content decreases along with the 

biodegradation of benzyl benzoate.   

 

Effect on microbial flora of soil: The effect of benzyl benzoate 

on soil microorganisms indicates that 10μg.g
-1 

of benzyl 

benzoate concentration is toxic for the growth of soil 

microorganism whereas in the presence of P.desmolyticum 

NCIM 2112, the number of soil microflora was found to be 

increased, indicating degradation  of benzyl benzoate in soil.  

 

Table-1 

Effect on Organic carbon and Organic matter content of soil 

Day Sample Clay (%) pH Temperature 

(
0
C) 

Standard 

plate count 

(SPC) cfu/ml 

Organic 

carbon (%) 

Organic 

matter 

(%) 

- 

Agricultural 

Fertile soil 

(Control) 

37.4±0.115 

 

7±0.333 

 

30±0.333 

 

180±0.577 

 

2.27±0.008 

 

1.32  ±0.011 

 

5 WB 37.4±0.115 7±0.333 30±0.333 180±0.577 2.27±0.008 1.32±0.011 

- WBI 37.4±0.115 7±0.333 30±0.333 190±1 2.15±0.008 1.25±0.011 

10 WB 37.4±0.115 7±0.333 30±0.333 167±0.666 2.27±0.008 1.32±0.011 

- WBI 37.4±0.115 7±0.333 30±0.333 240±0.333 1.70±0.008 0.99±0.005 

15 WB 37.4±0.115 7±0.333 28±0.333 67±0.333 2.15±0.008 1.32±0.020 

- WBI 37.4±0.115 7±0.333 30±0.333 300±0.333 1.24±0.008 0.72±0.020 
-Values are mean of ±SEM of three experiments, WB- With benzyl benzoate, WBI- With benzyl benzoate and P.desmolyticum NCIM 2112 

inocula.   
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As shown in table-2, presence of P.desmolyticum NCIM 2112 in 

soil results into biodegradation of benzyl benzoate which 

reduces the soil toxicity level and thus simultaneous effect was 

observed on increase in trace element content of soil. Thus, 

correlation is observed in between organic matter degradation 

and increase in trace element content of soil. The ecotoxicity of 

insecticide additive with reference to organic matter, organic 

carbon and phytotoxicity has been reported recently and found 

that these additives are responsible for loss in soil fertility
19

.   

 

Soil respiration study: The effect of benzyl benzoate on 

organic matter content of soil in absence as well as in presence 

of the P.desmolyticum NCIM 2112 was determined in terms of 

CO2-C evolved in  µg.g
-1

 of soil after 2, 5 and 10 days of 

incubation. The amount of CO2 evolved was increased in 

presence of P.desmolyticum NCIM 2112 indicating the 

degradation of organic matter along with benzyl benzoate.  

Presence of benzyl benzoate in soil shows inhibitory effect on 

soil environment on the contrary in presence of P.desmolyticum 

NCIM 2112, stimulatory effects on soil microbial respiration 

was observed as shown in (figure-1).   

 

Degradation of the insecticide along with its additive by the 

microorganisms not only depends upon the enzyme systems but 

also on the different environmental conditions such as, 

temperature, pH, water potentials and available nutrients
20

. 

Some of the insecticides are readily degraded by the microbes 

however; some are recalcitrant in nature
21

. It was previously 

reported that plants can fulfilled the phosphorus requirement 

because of the soil microorganisms having capability of 

insecticide degradation
22-24

.  Presence of insecticides along with 

its additives affects this mineralization process which ultimately 

results in to inhibition of nitrification or N2 fixation in soil
25

. It 

has been previously reported that it is possible to degrade such 

hazardous insecticide additives by microbes which have genetic 

diversity and metabolic versatility
26

.  Biodegradation of 

organophosphorus insecticide additive tallowamine ethoxylate 

has been reported recently and it was concluded that such 

additives shows soil toxicity as well as phytotoxicity
27

. Presence 

of xenobiotic compound such as insecticides, dyes in the 

environment are always responsible for ecotoxicity, degradation 

of such compound was previously reported and concluded that 

by means of bacterial degradation, toxicity of such compounds 

can be lowered
28

. Use of fungi in the biodegradation of 

recalcitrant compounds from the environment has also been 

reported and concluded that fungi plays important role in the 

biodegradation of xenobiotic compounds
29, 30

. 

 

Table-2 

Effect on Humic acid and trace element content of soil 

Day Sample Clay (%) Humic acid 

(465nm) 

Leachability (ppm) 

Cu
++

 Fe 
++

 Mn
++

 Zn
++

 

- Agricultural soil (Control) 38.4±0.115 0.15±0.005 0.56±0.003 3.1±0.066 1.64±0.003 1.21±0.003 

5 WB 38.4±0.115 0.15±0.005 0.45±0.003 2.1±0.066 1.54±0.003 1.15±0.003 

- WBI 39.4±0.115 0.15±0.005 0.52±0.003 4.1±0.066 1.84±0.003 1.31±0.003 

10 WB 38.4±0.115 0.15±0.005 0.35±0.003 1.97±0.066 1.24±0.003 1.05±0.003 

- WBI 38.4±0.115 0.19±0.005 0.54±0.003 3.27±0.003 1.95±0.003 1.63±0.003 

15 WB 38.4±0.115 0.14±0.005 0.10±0.003 0.97±0.066 1.00±0.003 1.00±0.003 

- WBI 38.4±0.115 0.20±0.003 0.56±0.003 3.96±0.003 2.16±0.003 1.92±0.003 

-Values are mean of ±SEM of three experiments, WB- With benzyl benzoate, WBI- With benzyl benzoate and microbial inocula, 

Cu- Copper, Fe- Ferrous, Mn-Manganese, Zn-Zinc. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure-1 

Soil respiration study in terms of CO2-C evolution in µg / gm of soil 

-           Control,           with benzyl benzoate,          with benzyl benzoate and microbial inocula. Results Obtained are mean values ± 

SD, n = 5. 0
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Conclusion 

Soil parameters influence the degradation of insecticide 

additives in soil. By means of external addition of 

microorganisms like P.desmolyticum NCIM 2112 

biodegradation of benzyl benzoate in soil is possible. Significant 

correlation is observed in between presence of benzyl benzoate 

with organic matter content of soil. By means of biodegradation, 

toxicity of benzyl benzoate in soil can be lowered. Similarly, the 

soil respiration study shows that the organic matter 

decomposition rate is enhanced with more CO2 evolution due to 

degradation of benzyl benzoate by P. desmolyticum NCIM 

2112. To avoid the problem concerned with bioaccumulation 

and biomagnfication of insecticide residues through soil by 

plant uptake we recommend the use of P. desmolyticum NCIM 

2112 for the remediation of insecticide contaminated land.  
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