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Abstract  
The use of insecticides in crops is meant to protect plants against harmful insects and increases 

crop yields. At soil level, insecticides can influence physico-chemical proprieties but especially the 
biological proprieties of soil, influencing the number and metabolic activity of soil microbial 
communities. The analiyzed soil samples come from experimental plots where cypermethrin and 
thiamethoxam were applied in field conditions. Biochemical analyses consisted in the determination of 
the dehydrogenase, urease, catalase and phosphatase enzymatic activities and bacteriological analyses 
consisted in the determination of the number of bacteria belonging to the ecophysiological groups 
involved in the nitrogen cycle in soil.  Cypermethrin and thiamethoxam showed an inhibitory effect on 
metabolic processes in soil, the registered values for dehydrogenase, urease, catalase and phosphatase 
enzymatic activities being statistically significantly lower than in the untreated sample. The pH and 
humidity influenced the enzymatic activities, positive correlations being established with 
dehydrogenase, catalase and urease activities and negative correlations with phosphatase activity. The 
ecophysiological groups of bacteria anlyzed (ammonifying bacteria, nitrifying bacteria and denitrifying 
bacteria) showed statistically significant decreases in experimental variants treated with cypermethrin 
and thiamethoxam compared to the untreated sample. pH and humidity showed positive or negative 
correlations according to the  ecophysiological group analyzed. 
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1. Introduction
The use of insecticides in crops is meant to protect plants against different groups of 

pests. Although these chemicals are applied in low concentrations once in the soil they can 
alter the chemical and biological proprieties of that soil and also affect soil microorganisms. 
The effects of insecticides on soil microorganisms consist in the decrease of the number of 
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microorganisms, alterations in biochemical activity, quantitative and qualitative decrease of 
the microbial community [1, 2, 3]. Still the effect of insecticides on microbial communties in 
soil is difficult to determine because many variables should be considered like habitat, soil 
structure, organic and anorganic composition, texture, pH and temperature [4, 5]. 

Cypermethrin (CAS 52315-07-8) is a synthetic, pyrethroid insecticide used on a large 
scale for pest control in crops. Thiamethoxam (CAS 153719-23-4), belongs to a relatively 
new class of insecticides, known as neonicotinoids, belonging to the thianicotinyl subclass, 
which act as agonists of the post-synaptic nicotinic acetylcholine receptors [6, 7]. On a long 
term, the highly toxic effect of this insecticide on aquatic ecosistems is well known 
(prospect). Studies carried out in laboratory conditions have shown the persistence of 
thiamethoxam in soil samples for up to 90 days after the treatment [8]. Studies regarding the 
effect of some insecticides were carried out on soil microorganisms like urea hydrolyzing 
organisms, heterotrophic nitrogen fixers, nitrifiers, heterotrophic bacteria and fungi. 

The biological and chemical proprieties of soil are very important in the biogeochemical 
cycles of nutrients, enzymes produced by soil microorganisms being responsible with 
biochemical transformations. Thus, the assessment of the effect of insecticides on the 
functionality of a ecosystem can be achieved based on metabolic activity and microbial 
biomass determinations [9]. 

Our study shows the effects of two insecticides, cypermethrin and thiamethoxam (with 
the commercial names Faster and Actara) on soil samples with different physical parameters – 
pH, temperature and humidity. The impact of these insecticides on microorganism 
communities in soil was assessed. Biochemical and microbiological analyses were carried out 
to determine the enzymatic activity of the soil and the number of bacteria belonging to the 
ecophysiological groups involved in the nitrogen cycle. The present study represents a first 
assessment of the toxic effect of cypermethrin and thiamethoxamoil on soil microbial 
communities under field conditions in Romania. 

 
2. Materials and methods 

Soil characteristics 
Soil samples were collected from the experimental field of Plant Breeding discipline, 

Banat University of Agricultural Sciences and Veterinary Medicine Timisoara (B.U.A.S.V. 
M.T.) from an area where insecticides, herbicides or chemical fertilisers were never used. 
Chernozem soil samples were collected from a depth of 0-20 cm. Soil sampling was carried 
out in day 15 afther the treatment with cypermethrin, for the experimental variant v1, 
respectively day 21 afther the treatment with thiamethoxam, for the experimental variant v2.  

 
Insecticides 
Cypermethrin ((α-cyano-3-phenoxyphenyl-3-(2,2-dichlorovinyl)-2-2-dimethylcyclo 

propane carboxylate), and Thiamethoxam (3-[(2-chloro-5-thiazoly)methyl] tetrahydro-5-
methyl-N-nitro-4H-1,3,5-oxadiozin-4-imine) are the two insecticides, selected for the present 
study. Cypermethrin (FASTAC10 EC including 100 g/l alfa-cipermetrin, BASF Agro B.V. 
Arnhem), and Thiamethoxam (Actara 25 WG including 25 ga.i.kg-1, Syngenta Crop 
Protection) are applied in field conditions with variable physical and chemical parameters (the 
untreated soil with cypermethrin: pH 6.30, Humidity 1.90; soil treated with cypermethrin: pH 
6.14, Humidity 1.03;   the untreated soil with thiamethoxam: pH 6.45, Humidity 1.12; soil 
treated with thiamethoxam: pH 6.21, Humidity 1.07). 
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Biochemical analyses 
After 15 respectively 25 days, enzymatic activities were determined in the soil samples 

treated with the two insecticides and in an untreated soil sample.  
The enzymatic activities chosen for assay were: dehydrogenase (DA) (EC 1.1.1.1), urease 

(UA) (EC 3.5.1.5), catalase (CA) and phosphatase (PA) (EC 3.1.3). Enzymatic activity was 
determined by using a T90 UV/VIS spectrophotometer (PG Instruments, England).  

Dehydrogenase activity was measured using 2,3,5-triphenyltetrazoliumchloride (TTC), by 
incubating the soil samples (5 g) mixed with distillated water Tris buffer at 37° C for 48 h. The 
triphenyl formazan (TPF) formed was extracted with acetone and the absorbance of the super-
natants measured at 485 nm. The activity of dehydrogenase was expressed as mg TPF/g soil [10]. 

Catalase activity was determined using the permanganometric method described by 
Dragan-Bularda [11]. The reaction mixtures consisted of 3 g soil, 2 ml H2O2 3%, 10 ml 
phosphate buffer. After the incubation at 37° C for 1 hr, the quantitative oxygenated water 
was determined as mg H2O2 that was not decomposed / g soil.  

Urease activity was determined according to the Dragan-Bularda method [11]. Reaction 
mixtures consisted of 3 g soil, 2 ml toluen, 5 ml phosphate buffer, 5 ml solution of urea 3% 
and incubated at 37° C for 24 hrs. Activity was expressed as mg NH4/ g soil detected and 
extinction was measured at 445 nm.  

Phosphatase activities were determined using phenyl-phosphatedisodic as substrate (0.5%, 
10 ml), incubating the soil samples (5 g) mixed with distillated water Tris buffer at 37° C for 48 
h. After incubation 0.3% NH4Al (SO4)2x12H2O) and Na2B4x10H2O were added to stop the 
reaction. 2,6-dibromoquinone chloroimine was used to show the presence of phenol. Activity 
was expressed as mg fenol/ g soil detected and extinction was measured at 597 nm [12]. 

 
Microbiological analyses 
The soil samples treated with insecticides were diluted for the microbiological studies. 

We used key-samples of 10-1 to 10-5 dilutions and started the studies for one gram of soil. 
Equal volumes of 1 ml of every soil dilution were inoculated on elective nutrient culture 
medium. Incubation was carried out at 28° C and depending on the established ecophysiolo-
gical group, the period of incubation varied from 7 to 21 days. 

For the quantitative determination of nitrogen-fixing bacteria (NFB) we can use any kind 
of culture medium without nitrogen. Take for example Ashby culture medium which consists 
in the following composition: 0.5 g K2HPO4; 0.5 g NaCl; 0.2 g MgSO4; 0.1 g K2SO4; 5 g 
CaCO3 and 5 g sucrose. Soil samples were then incubated at 27° C for 7 days. On the surface 
(at the contact area between air and environment) of nitrogen fixing bacteria culture medium 
appeared a pall/cover/veil looking like a ring on the tubes walls. The colour of the pall differs 
from fluorescent, to greenish yellow (Azotobacter vinelandii) or even brown (A. chroococum). 
For anaerobic fixing bacteria like Clostridium sp., in the positive tubes there could be seen 
gas bubbles [13]. 

For the cultivation of ammonifying bacteria (AMB) the following chemical composition 
was used: 0.5 g NaCl; 2 g peptone; 1000 ml distilled water. The pH of culture environment 
was 7.9. Afterwards, the samples were incubated at a temperature of 22° C for 14 days in 
anaerobic conditions. Using a specific color reaction (add one/two drops of Nessler reagent) 
we were able to highlight the ammonia which results from the activity of ammonifying 
bacteria [11]. 

The growth medium for nitrifying bacteria (NB) has the following chemical composition: 
50 ml standard saline traces; 0.5 g (NH3)SO4; 1 g CaCO3 and 950 ml of distilled water. The 
samples were incubated at 28° C for a period of 20 days. We have studied the nitrifying 
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bacteria diphenylamine-sulfuric acid, as well. The appearance of a blueish colour showed the 
presence of nitrifying bacteria [14]. 

For denitrifying bacteria (DNB) we used a growth medium based on: 50 ml standard 
saline solution; 20 g KNO2; 10 g glucose; 5 g KCO3; 1 ml oligoelements solution and 1000 
ml distilled water. The samples were incubated at 28° C for 14 days. Denitrifying bacteria 
were highlighted by adding diphenylamine-sulfuric acid. The tubes in which the nitrate 
vanished appeared colorless [14]. 

 
Statistical data interpretation  
Data was analyzed using variance analysis, the software employed was MIMITAB 14. 

All data are presented as mean values with standard deviation (X±SD). Significant difference 
in variables was tested using Mann-Whitney test at 0.05 level of probability. In order to 
establish the correlation coefficient, the Spearman test was used. 

 
3. Miscanthus Results and discussion 

Soil enzyme activities 
Results of the enzymatic analyses for the soil samples treated with cypermethrin and the 

untreated sample are shown in fig. 1. 
The values registered for all 4 enzymatic activities are lower in the experimental samples 

for dehydrogenase activity (4.935±0.740 mg TPF/g soil), urease (1.287±0.451 mg NH4/g soil), 
phosphatase (35.875±0.217 mg phenol/g soil) and catalase (6.148±0.300 mg H2O2 was not 
decomposed/g soil) compared to the untreated sample (dehydrogenase activity - 7.353±0.036 
mg TPF/g soil, urease - 1.327±0.076 mg NH4/g soil, phosphatase - 41.458±0.025 mg phenol/g 
soil, catalase - 6.233±0.173 mg H2O2 was not decomposed/g soil):, which shows the inhibitory 
effect on metabolic processes in soil due to the decrease of soil microorganism numbers. The 
32.80% decrease in dehydrogenase activity in the experimental sample compared with the 
untreated one points to a inhibition of the activity of soil microbial communities, due to the fact 
that the value of  dehydrogenase activity  indicates live microorganisms, capable of growth and 
development. Dehydrogenase activity can be considered as a ecotoxicological test because it 
reflects the activity of live microbial communities in soil [15]. From a statistical point of view, 
we can observe significant decrease for the dehydrogenase and phosphatase enzimatic activities 
compared to the untreated sample (p<0.05).  

Studies on the effect of the insecticide diazinon on dehydrogenase, phosphatase and 
urease activities were carried out by Cycon et al. [16]. Results have shown the inhibition of 
enzymatic activities and confirmed that enzymatic activities can be a useful tool in the 
detection of the secondary effects of pesticides in soil and can be used as indicators for soil 
pollution. Other studies on different types of insecticides have shown a significant decrease in 
dehydrogenase activity in soil [17]. Insecticides decreased dehydrogenase activity up to 35.5 
% [18], respectively 47% [19]. The decrease of dehydrogenase activity was also pointed out 
in the studies of Balwinder et al. [20] when the insecticides lindan and endosulfan were used 
in recommended dose and also in double dosage.   

Other studies have shown a significant inhibation of catalase activity when the insecticide 
clorpirifos was used [21, 22]. This inhibitory effect on catalase activity could dissapear 21 
days afther the treatment [22]. In our study, the catalase activity registered a decrease of only 
1.33% related to the untreated sample, 15 days afther the treatment. 

The chemical parameters pH and humidity determined in both treated and untreated 
samples influenced enzymatic activities of soil microorganisms. The Spearman correlation 
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coefficient shows positive correlations between dehydrogenase, catalase and urease activities 
and soil humidity (r1 = +0.989; r2 = +0.977; r3 = +0.959), and a negative correlation between 
phosphatase activity and humidity (r = -0.838), in soil samples treated with cypermethrin.  
Positive corelations were also established between dehydrogenase, urease and catalase activities 
and the pH of the soil in experimental samples treated with cypermethrin (r1 = +0.979; r2 = 
+0.927; r3 = +0.933), and negative correlations for phosphatase activity (r = -0.851). 

The values registered for enzymatic activities dehydrogenase (5.085±0.209 mg TPF/g 
soil), phosphatase (48.542±0.315 mg phenol/ g soil) and urease (1.581±0.009 mg NH4/g soil) 
from the experimental soil samples (fig. 2) treated with thiamethoxam are lower compared to 
the ones determined in the untreated sample (dehydrogenase activity – 5.958±0.109 mg TPF/g 
soil, urease - 1.304±0.108 mg NH4/g soil, phosphatase 51.917±0.221 mg phenol/g soil, 
catalase – 5.355±0.274 mg H2O2 was not decomposed/g soil). The decrease registered for the 
four enzymatic activities are statistically significant (p<0.05). In soil samples treated with 
thiamethoxam phosphatase activity showed the highest decrease between all enzimatic 
activities, of up to 6.5% compared to the untreated sample. Studies using other types of 
insecticides also showed an inhibition of the phosphatese activity in soil [17, 19, 22, 23]. 

 
 
 
 
 
 
 
 

Fig. 1. Enzymatic activities in soil samples 
treated with Cypermethrin (DA-dehidrogenase 
activity, UA-urease activity, PA-phosphatase 

activity, CA-catalase activity) 
 

 
 
 

 
 
 

 
Fig. 2. Enzymatic activities in soil samples 

treated with thiamethoxam (DA-dehidrogenase 
activity, UA-urease activity, PA-phosphatase 

activity, CA-catalase activity) 
 

Urease activity inhibition in soils treated with insecticides was also shown in other 
studies carried out in laboratory or field conditions. [19, 22, 23, 24]  

The Spearman correlation coefficient shows positive correlations between 
dehydrogenase, urease and phosphatase activities and soil humidity in experimental variants 
treated with thiamethoxam (r1 = +0.959; r2 = +0.827; r3 = +0.823), respectively negative 
correlations for catalase activity (r = -0.751). 

Between dehydrogenase, urease, phosphatase activities and soil pH (r1 = +0.989; r2 = 
+0.977; r3 = +0.959) the correlations are positive, and negative correlations were observed for 
catalase activity (r = -0.838) in soil samples treated with thiamethoxam.  
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Based on Spearman correlation coefficients registered for the experimental soil variants 
we can establish that chemical parameters (humidity and pH) have an important role in the 
effect of the two insecticides on microbial communities in soil. Positive correlations 
registered for enzymatic activities point to their role in the metabolisation of the two 
substances: cypermethrin and thiamethoxam.  

 
Numbers of microbial populations 
The ecophysiological groups of bacteria detremined are involved in the biogeochemical 

cycle of nitrogen and are represented by nitrogen fixing bacteria both aerobic (Azothobacter 
vinellandi, Azothobacter chroococcum) and anaerobic (Clostridium pasteurianum), 
ammonifying bacteria, nitrifying bacteria and denitrifying bacteria.   

Aerobic nitrogen fixing bacteria like Azothobacter vinellandi, Azothobacter chroococcum 
could not be detected in the soil sample treated with cypermethrin (fig. 3).  Also in the same 
sample treated with cypermethrin, we could see compared to the untreated soil sample that 
anaerobic nitrogen fixing bacteria from the genus Clostridium (1.73x104±333.728 no 
bacteria/g soil), ammonifying bacteria (4.76x104±333.728 no bacteria/g soil), nitrifying 
bacteria (1.67x104±4414.813 no bacteria/g soil) and denitrifying bacteria (1.73x104±333.728 
no bacteria/g soil) showed decreased values. Statistically, this decrease is significant (p< 0.05) 
for aerobic nitrogen fixing bacteria, ammonifying bacteria and  nitrifying bacteria which 
indicates an increased susceptibility to xenobiotics of this ecophysiological group. For the 
nitrifying bacteria a 74% decrease was registered in the experimental variant, which is the 
lowest value compared to the untreated sample. In a similar study where the insecticide 
imidaclorprid was used, a temporary inhibition of bacterial and actinomycetes populations 
with the exception of the genus Azothobacter which seemed not to be affected by the 
insecticide [25]. In another study, Gopal et al. [26] showed that nitrifying bacteria are the 
most sensitive and their number was significantly reduced during the entire time the 
insecticide was applied.  

Humidity and pH influenced growth and development of microbial communities in the 
soil sample treated with cypermethrin, the Spearman correlation coefficients indicating a 
positive correlation between the two parameters and nitrifying bacteria (r1 = +0.867; r2 = 
+0.875).  Also, between the number of ammonifying bacteria and the chemical parameters 
(humidity and pH) a negative correlation could be observed (r1 = -0.838 si r2 = -0.868).   

In the experimental variant of soil treated with thiamethoxam (fig. 4) we could detect the 
presence of aerobic nitrogen fixing bacteria Azothobacter vinellandi (3.33x104±1454.689 no 
bacteria/g soil),  Azothobacter chroococcum (3.40103±115.607 no bacteria/g soil), anaerobic 
nitrogen fixing bacteria (2.23x103±88.296 no bacteria/g soil), ammonifying bacteria 
(3.36x104±882.963 no bacteria/g soil), nitrifying bacteria (6.83x104±333.728 no bacteria/g 
soil) and  denitrifying bacteria (9.23x103±33.373 no bacteria/g soil). In all groups significant 
decrease (p< 0.05) compared to the untreated sample were registered. For the nitrifying 
bacteria a 58.10% decrease was registered in the experimental variant, which is the lowest 
value compared to the untreated sample. Thus the toxic effect of thiamethoxam on bacteria 
involved in the nitrogen cycle is clearly shown.   
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Fig. 3. Number of bacteria involved in nitrogen cycle in soil samples treated with cypermethrin (AMB-
ammonifying bacteria, NB-nitrifying bacteria, DNB-denitrifying bacteria) 
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Fig. 4. Number of bacteria involved in nitrogen cycle in soil samples treated with thiamethoxam (AMB-
ammonifying bacteria, NB-nitrifying bacteria, DNB-denitrifying bacteria) 

 
Balwinder et al. [20] showed the decrease in the number of microorganisms in soil 

treated with insecticides (lindane and endosulfan) compared to untreated soil for both 
recommended and double dose treatments. The antimicrobial proprieties of different 
insecticides was pointed out by Coventry & Allan [27], being confirmed by the studies of 
Gopal et al. [26] when incremental doses of insecticides were used. Also studies on nitrifying 
bacteria (Nitrosomonas and Nitrobacter) show a strong inhibitory effect [28]. 

Chemical parameters (humidity and pH) determined in the experimental soil variant 
influence the bacterial communities. There are negative correlatins between aerobic nitrogen 
fixing bacteria Azothobacter vinellandi and humidity, respectively pH (r = -0.997). Nitrifying 
bacteria are negatively correlated to humidity r = -0.869 and pH-ul r = -0.871.  

 
Conclusions 

Cypermethrin treatment resulted in a 32.80% decrease of dehydrogenase activity in soil 
and a 74% decrease in the number of nitrifying bacteria. pH and humidity correlate positively 
with dehydrogenase and urease enzymatic activities (r>+0.9) and with the number of 
nitrifying bacteria (r � +0.8).  
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Thiamethoxam treatment resulted in a 6.5% decrease of phosphatase activity and a 
58.10% decrease in the number of nitrifying bacteria. pH and humidity correlate positively  
with dehydrogenase, urease, phosphatase activities (r � +0.8) and negatively with aerobic 
nitrogen fixing bacteria Azothobacter vinellandi and nitrifying bacteria (r  -0.8). 
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