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ABSTRACT

In-vivo experiment was conducted for toxicity evaluation of Imidacloprid on soil enzyme activities (arylsulphatase, acid-
phosphatase and dehydrogenase activities) in the treated soil under control condition for 60 days at differentapplication rate
3.97ug/mL (FR), 7.94pg/mL (2FR) and 39.7pg/mL (10FR). Imidacloprid has significant toxicat 2FR and 10FR doses but not on
the recommended field rate (FR). Acid phosphatase activity was stimulated at FR rate, whereas at higher dose (10FR) inhibited
the activity. A significant drop of dehydrogenase activity was observed irrespective of doses at 30 days of application and after
that the enzymatic activity slowly increased. Application of Imidacloprid at FR to agriculture soil of Tripura is not likely to show
any detrimental effects on soil acid phosphatase and dehydrogenase activities but at higher elevated doses there appear some

harmful effects which was also very much transient.
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1. INTRODUCTION

In the present scenario the intensive use of agrochemicals,
are among the most pressing issues concerning agriculture
sustainability (1). The sustainable agriculture requires the
maintenance or enhancement of soil quality (2). Fertilizers
and pesticides tend to have long persistence in the soil so
they are bound to affect the soil micoflora thereby disturbing
soil health (3). Soil microbial communities produce
extracellular enzymes to acquire energy and resources from
complex soil environment (4). Soil enzymes are a group of
enzyme whose usual inhabitants are the soil and the soil
enzymatic activity assay is only one way to measure the
ecosystem status of soils (5, 6) because the activity of soil
enzymes control nutrient cycles (7). The sources of the
enzyme in the soil are the microbial biomass as well as plant
and animal residues (Fig. 1) (8). The soil enzyme activity
could be made for evaluation the soil fertility, indicators of
soil quality, sustainability and changes in biogeochemical
function due to management or perturbations®.

All the biochemical transformation in soil is related to the
presence of enzymes (10). Soil enzymes increase the
reaction rate at which plantresidues decompose and release
plant available nutrients 8. Arylsulfatase are an important
enzyme because of the common occurrence of sulphur in the
soil and making it available to plants in an oxidation process
and is typically widespread in soils (11). This enzyme
hydrolyses organic sulphate (VI) esters (R-0-SO3?2-) to
phenols (R-OH) and inorganic sulphates (VI) (S04 %) (12).
Phosphatases are a broad class of phosphohydrolyase
play a critical role in Phosphorus cycle. It catalyze the
hydrolysis of organic phosphorous the hydrolysis of
esters and anhydrides of phosphoric acid (13-14). The
soil dehydrogenase as an biological indicators of overall soil
microbial respiratory activities (15) which plays a
significant role in the biological oxidation of soil organic

matter by transforming protons and electrons from
substrates to acceptors (16).

Imidacloprid [1-(6-chloro-3-pyridyl methyl)-N- nitro
imidazolidin-2-ylidene-amine] is an extensively used
systemic insecticide for crop protection due to its low soil
persistence and insecticidal activity at low application
rate with novel mode of action (17) used for the control of
sucking insects, including rice hoppers, aphids, thrips and
white files etc. Itis also effective against termites and some
species of cutting and chewing insects, such as rice weevil,
and Colorado beetle, having no effect on nematodes or
spider mite (18).
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Stucture of Imidacloprid
(Empirical formula: CoH10CIN50z)

Since Imidacloprid, a new generation insecticide widely used
in our country and effect of this insecticide on the soil
quality, especially enzymatic activities of our soil has not yet
been undertaken so far, a laboratory incubation experiment
was conducted to study the effect of Imidacloprid on some
soil enzyme activities.

With the above perspective, an investigation has been
undertaken in order to evaluate the effect of Imidacloprid on
soil enzyme activity (arylsulphatase activity, acid
phosphatase activity and dehydrogenase activity) in clay
loam soil at laboratory conditions.
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2. Materials and methods

2.1. Insecticides

A 17.8% soluble (liquid) concentrate (SL) formulation of
Imidacloprid was obtained from Bayer Crop Science.

2.2. Collection of soil samples

Field-moist Red soil samples were collected from State
Agricultural Research Centre, Arundhuti Nagar, Agartala,
Tripura. The soil samples were randomly taken from the
plough layered, i.e. 0-15 cm depth and brought to the
laboratory in properly sealed and labeled polyethylene bags.

2.2.1. Processing of the soil samples

After collection of the soil, large lumps were broken, roots
etc. were separated and the soil was divided into two
portions. One part was thoroughly air-dried in the
laboratory and subsequently, the soil was ground with a
mortar-pestle and passed through a 2mm sieve for
determining physico-chemical properties. Another part was
sieved in field-moist condition (<2 mm) homogenized and
keptin plastic sealed containers for 7 days in an incubator at
250C for stabilization. An incubation studied was carried out
at 60% Water Holding Capacity of soil, following pesticide
application, and periodic changes of the arylsulphatase, acid-
phosphatase and dehydrogenase activities were studied.

2.3. Application of Imidacloprid in soil

The application at recommended field rate (FR) (18), two
times of recommended field rate (2FR), and ten times of
recommended field rate (10FR), with control (untreated),
was chosen to determine the influence of insecticide on soil
enzyme activities. The application of 10FR was chosen to
minimize the effect of adsorption of pesticide on the studied
properties of soil and emphasize the side effects of pesticides
on soil microorganisms. Also the 10FR dose is recommended
in laboratory tests to assess the side effects of pesticide on
soil microflora (19). Three stock solutions containing
3.97ug/mL (FR), 7.94pg/mL (2FR) and 39.7pg/mL (10FR) of
Imidacloprid was prepared in distilled water and applied to
200 g of accurately weighed soil and mixed thoroughly with
a glass rod and set for incubation. All the treatments were
replicated thrice. Enzymatic activities were studied on 1, 3,
7,15, 30, 45 and 60 days of incubation.

2.4. Determination of the Physico-chemical properties
of soil

Enzyme activities depend on a series of abiotic factors, such
as the soil temperature, soil water content, pH, etc. (20). To
evaluation of the effect of Imidacloprid on soil enzyme
activities physico-chemical properties of soil were also
examined. Freshly procured soil samples were analyzed for
the physical and chemical characteristics.

2.4.1. Moisture Content

The moisture content was determined by the protocol
proposed by Mishra (1968) (21). A requisite quantity of soil
was dried overnight at 105°C. The percent loss in weight was
calculated.

2.4.2. Determination of maximum water holding
capacity

Maximum water holding capacity was determined by Keen-

Raczkowski Box method (22).

2.4.3. Determination of the mechanical composition of
soil
Soil texture was determined by the International Pipette

Method (23).

2.4.4. Determination of pH and electrical conductivity
Soil pH was determined by pH- meter (Systronics, 324) with
1:2.5 sample water suspension using a glass rod for
intermittent stirring for half an hour. Electrical conductance
of soil was measured in 1:5 soil-water suspensions by
conductivity bridge (Systronics, 305) (24).

2.4.5. Determination of CEC
CEC of soil was measured by the ammonium-acetate method
described by Sankaram 1966 (22).

2.4.6. Determination of Organic Carbon

Organic carbon was determined by wet potassium
dichromate digestion, followed by titrimetric measurements
of unreacted dichromate (25).

2.4.7. Determination of Total Nitrogen, Available
Phosphorus and Potassium

Total nitrogen (N) was determined by Micro-Kjeldahl
method (22) and available phosphorus (P) was determined
by Bray’s method (26). Available potassium (K) determined
by available K in the sample was extracted with neutral (1 N)
ammonium acetate solution (pH) (24). K concentration in
the extract was obtained by the flame photometer after
necessary setting and calibration of the instrument
(Systronics Model No. 121).

2.5.  Determination of Enzyme Activity

Enzyme activity is a measure of the quantity of active
enzyme present and is thus dependent on temperature, pH,
ionic strength and the proper concentrations of the essential
components like substrates and enzymes (27). Pesticide
impacts on soil enzymes, which are essential catalysts ruling
the quality of soil life’. The main reactions are catalysed by
the three enzymes (Fig. 2a, b and c) as,

Phosphatase phosphate ester + H,0 = ROH + PQ,3-
Dehydrogenases XH; + acceptor = X + acceptor H;
2.5.1. Determination of Acid Phosphatase Activity

Acid phosphatase activity of s activity was determined
according to the method described by Eivazi and Tabatabai
(1977) (28). A 1g soil sample (<2 mm) was placed ina 50 mL
conical flask. Then 0.25 mL of toluene, 4 mL of Modified
Universal Buffer (MUB), pH 6.5 and 1 mL of p-nitrophenyl
phosphate (PNP) solution (made in the same buffer) were
added to it and was swirled for a few seconds to mix the
contents. The flask was closed by a stopper and placed in an
incubator at 37°C. After 1 hour, the stopper was removed
and 1 mL of 0.5M CaC1; solution and 4 mL of 0.5M NaOH
solutions were added to the flask. Then it was again swirled
for a few seconds and filtered the soil suspension through
Whatman 42 filter paper. The intensity of the yellow color of
the filtrate was measured with the help of
spectrophotometer with wavelength adjusted to 420nm. For
control sample, the same procedure was followed, but 1 mL
of PNP solution was added after addition of 1 mL 0.5M CaC1,
and 4 mL of 0.5M NaOH solutions, immediately before
filtration of soil suspension. The p-nitrophenol content of the
filtrate was calculated by reference to a calibration graph
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that plots standards containing 0, 10, 20, 30,40 and 50 pg of
p-nitophenol.

To prepare a standard curve, 1 mL of the standard p-
nitorphenol solution was taken in a 100 mL volumetric flask
and the volume was adjusted to 5 mL by addition of distilled
water. After that 1 mL of 0.5M CaC1: solution and 4 mL of
0.5M NaOH solution were added to each flask and the
resultant suspensions were filtered. The p-nitrophenol
content of the filtrates was measured with the help of
spectrophotometer with wavelength adjusted to 420 nm.

Calculation

Acid Phosphatase activity of soil (pg of p-NP/g of oven dry
soil/hr. at 37°C) = [{conc. of p-NP in sample - conc. of p-NP
in control) vol. of reagent added + moisture content of 1g
soil)}] / (1 x oven dry weight of 1 g soil x 1 hr.)

2.5.2. Determination of Arylsulphatase Activity
Arylsulphatase activity was determined according to the
method described by Tabatabai (1994).29 A 1g soil sample
(<2 mm) was placed in a 50 mL conical flask. Then 0.25 mL
of toluene, 4 mL of acetate buffer (pH 5.8) and 1 mL of p-
nitrophenyl sulfate (PNS) solution (made in the same buffer)
were added to it and was swirled for a few seconds to mix
the contents. The flask was stoppered and placed in an
incubator at 37°C. After 1 hour, the stopper was removed
and 1 mL of 0.5M of CaC1; solution and 4 mL of 0.5M NaOH
solution were added to the flask. Then it was swirled for a
few seconds and filtered the soil suspension through
Whatman 42 filter paper. The intensity of the yellow color of
the filter was measured with the help of spectrophotometer
with wavelength adjusted to 420 nm. For control sample, the
same procedure was followed, but 1 mL of PNS solution was
added after addition of 1 mL 0.5 CaCl; and 4 mL of 0.5M
NaOH solution, immediately before filtration of soil
suspension. The p-nitrophenol content of the filtrate was
calculated.

Calculation

Arylsulphatase activity of soil (ug of p-NS/g of oven dry
soil/hr.at 37°C) = {(conc. of p-NS in sample - conc. of p-NS in
control) x (total vol. of reagent added + moisture content of 1
gsoil)} / (1 x oven dry weight of 1 g soil x 1 hr.)

2.5.3. Determination of Dehydrogenase Activity
Dehydrogenase activity was determined according to the
method described by Nisha et al. (2006)°. 20g of wet soil and
0.2 g Calcium carbonate was mixed thoroughly & 3 parts of
3g mixed soil was taken in a test tube. 5 ml double distilled
water and 1ml 3% of TPF solution were added and kept at
37°C for 24 hrs. The mixture was then extracted in portion
with methanol & filtered through Whatman no I filter paper
in 50 ml volumetric flask & the volume was made up to the
mark with methanol in diffused light. Reading was taken at
185 nm in Spectrophotometer. A standard curve was made
with triphenyl formazen (TPF) solution at concentration 0, 5,
10, 20 & 40 ppm and the unknown concentration of the
dehydrogenase in soil was measured with respect to
standard curve. All experiments were performed in
triplicate.

Calculation

Dehydrogenase activity of soil (g TPF/g of oven dry soil at
37°C) = Concentration of sample (pg/ml) x 50 % (3 x wt of
1g oven dry soil x 24hr)

3. Results and Discussion

3.1. Physico-chemical Properties of the soil

The physico-chemical properties of soils are summarized in
Table 1. Physico-chemical properties of soil have profound
influence on soil enzyme activities (30) and also depend on
the degradation of imidacloprid (31). The study was shown
that the texture of the soil was clay loam, acidic (pH-4.6) in
nature and high soil organic carbon content (0.93%). The
soil pH influences the rate of synthesis, release and stability
of the enzyme. Soil enzymatic activities were significantly
correlated with soil organic carbon (32) and soil pH (33).
Degradation of Imidacloprid also pH dependent (34) as soil
pH was acidic it’s degraded faster and lowers the influence
on enzymatic activities.

3.2. Laboratory Incubation Study

Effect of different rates (FR, 2FR and 10FR) of Imidacloprid
applications on the dynamics of sulphatase, phosphatase,
dehydrogenase activities was studied under controlled
laboratory conditions (25-35°C, using buffer solution, 60%
WHC). The temperature of incubation was maintained at the
ambient temperature supported by the fact that maximum
growths and activities of micro-organisms in soil occur at
25-35°C and 60-80% W.H.C (35).

3.2.1. Arylsulphatase activity in soil

Any indirect effect of agrochemicals on soil enzymes involves
the action of agrochemicals on soil organisms which, in time,
contribute to the accumulated enzyme activity. Table 2 and
Fig. 3 were shown that at higher doses of Imidacloprid was
toxic to arylsulphatase activity. At the initial stage of its
application, arylsulphatase activity was deteriorate in the
first ' month and after degradation of the insecticide,
arylsulphatase activity slowly increases assuming less toxic
of its metabolite. From the correlation between activity with
treatment curve (Fig. 6) it was revealed that after application
of Imidacloprid, arylsulphatase activity decreased
significantly at higher treatments 2FR and 10FR as
compared to control, indicating Imidacloprid has significant
toxic effect at 2FR and 10FR doses. From the Table 2 it also
indicates that insecticide has a detrimental effect on
arylsulphatase activity.

There was an inhibiting effect on arylsulphatase activity
observed up to 30-35 days and then slowly increases its
indicates that the activity decreases with days may be due to
the toxicity of Imidacloprid and then increases may due to its
biodegradation. Over all, the inhibiting effect on the soil
enzyme arylsulphatase activity by Imidacloprid and same
results as reported by Omar et al. (2001)1* the
arylsulphatase activity fluctuated between promotion and
inhibition, but inhibition was predominant3¢ whereas
Kalyani et al. (2010) (10) and El-Aswada and Badawy (37)
reported that the endosulfan (insecticide) applied at
elevated level (100ppm) increased significantly arylsulfatase
activity.

3.2.2. Acid Phosphates Activity in Soil

Acid Phosphatase Activities after application of Imidacloprid
was presented in tabulated form at table 3. From the Fig. 4
and Table 3 shown that after application of Imidacloprid,
acid phosphates activity increases at the first 1-3 days, then
gradually decrease up to 30 days and after that, the
enzymatic activity slowly increases when pesticide becomes
less toxic.
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From the Fig. 6, it was revealed that a variation of acid
phosphatase activity was observed for FR, 2FR and 10FR
compared with the control one. A significant difference in
acid phosphatase activity was observed for FR as compared
to control, this indicates that at the recommended dose of
insecticide Imidacloprid stimulates the acid phosphatase
activity, whereas at the higher dose, especially 10FR
inhibited the acid phosphatase activity. From the Fig. 4 it was
observed that enzymatic activity initially increases 1-3 days
after that some inhibiting effects observe which is also very
much transient. After some incubation periods, it has been
found that the activity of acid phosphatase activity increases.
Omar et al. (2001) reported that the effect of soil treatment
with the pesticides on acid phosphatase was promotive at
field application rates after some incubation periods (14) but
the enzyme activity was delayed at the higher application
doses (36). Vavoulidou et al. (2009) reported that no effect
on phosphatase activities at 10 times the recommended
doses of the cadusaphos (38).

3.2.3. Dehydrogenase Activity in Soil

Results of Dehydrogenase activity on following application of
Imidacloprid have been given Table 4. From the above Fig.5
& Table 4, it is found that dehydrogenase activity decreases
gradually up to 30-35days after application of Imidacloprid
and after that, the enzymatic activity slowly increases as also
control value decreases with time.

From Fig. 5 it is observed that dehydrogenase activity was
decreased for all the treatments, viz., FR, 2FR and 10FR as
compared with the control. It was revealed that higher
inhibiting enzymatic activity for 10FR dose compared with
the control.

The correlation between the enzyme activity and the
treatment of the insecticide is shown in Fig. 6 indicating a
detrimental effect on the soil enzyme activity after
Imidacloprid application. Application of Imidacloprid led to
the significant drop of dehydrogenase activity irrespective of
doses. At the initial stage with the application of pesticide
dehydrogenase activity was gradually decreased upto 30-35
days, after that the activity was slowly increased. This might
be due to degradation of Imidacloprid and increase in
microbial populations with the capability of utilizing the
pesticide formulation as a carbon source. Sebimo et al.
(2011) (16) and Dzantor and Felsot (39) were found same
results in sandy loam soil. Chen et al. (2001) also reported
that application of captan at same pH dehydrogenase activity
decreased at a heavier rate (40):

Pesticide degradation or decomposition is generally a
positive phenomenon. Most of the degradation by-products
(6-hydroxynicotinic  acid, Imidacloprid urea, 6-
chloronicotinic acid) of Imidacloprid 4! are biologically
inactive, less toxic, and harmless. In the field studied after
few days Imidacloprid application at FR dose (3.97pug/mL)
was less influence to soil enzymatic activities as the
Imidacloprid degraded gradually (field dissipation half-life:
26.5 to 229 days) (42). Mahapatra et al., 2017 reported that
Imidacloprid dissipation was 100%, 90.45% and 76.85%
from FR, 2RD and 10RD treatments respectively in sandy
clay loam soil after 30 days of pesticide application (43).
These results also support our results. But at higher does
(mainly 10 FR: 39.7 ug/mL) shown any detrimental effect to
soil enzymatic activities.

4. Conclusion

Itis possible to say that without proper soil enzymes system,
soil life processes will be disturbed. As soil enzymes are very
sensitive to the agricultural practices, pH of the soil,
nutrients, inhibitors and weather conditions the present
work was analyzed to establish the relationship, if any,
between the effects of Imidacloprid on soil arylsulphatase,
acid phosphatase and dehydrogenease activities.

This study confirmed that application of Imidacloprid to
Tripura agriculture soil at recommended doses not showed
any detrimental effect on soil arylsulphatase, acid
phosphatase whereas it was toxic to dehydrogenease. At
higher elevated doses, some transient harmful effects were
observed. At a later stage of incubation, the activities of
different enzymes were going to increase irrespective of the
dose of Imidacloprid its indicating Imidacloprid metabolite
are less toxic to soil enzymes.
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Table1l. Results of physico-chemical properties of soil
Sl. No. Properties Results

1. pH (in water) 4.6
2. EC (dSm) 0.41
3. CEC (Cmolp+kg+) 28.26
4. Soil Organic Carbon (%) 0.93
5. Maximum water holding Capacity (%) 22.2
6. Moisture Content (%) 58.3
Sand (47)
7. Texture analysis (%) Silt (24)
Clay (32)
8. Texture Clay loam
9. Total Nitrogen (g/kg) 4.21
10. Available K (mg/kg) 89
11. Available P  (mg/kg) 47
Table2. Arylsulphatase activity (ug of p-NS/g of oven dry soil /hr. at 37°C) with Period of Incubation and
Treatments
phatase 3 period of 1n pation (Da
Treatment 1 3 7 15 30 45 60 Mean
C 213.11 | 190.04 | 170.51 | 139.32 | 1339 | 104.17 | 96.14 | 149.60
FR 185.82 | 154.01 | 146.47 | 132.21 | 114.54 | 130.52 | 1579 | 145.92
2FR 191.7 | 13732 | 132.14 | 117.32 | 108.47 | 126.72 | 147.41 | 137.01
10FR 166.21 | 111.14 | 99.21 | 96.15 | 96.22 | 120.8 | 137.31 | 118.15
Mean 189.21 | 148.13 | 137.08 | 121.25 | 113.28 | 120.55 | 134.19

Table3. Acid Phosphatase activity (ug of p-NP/g of oven dry soil/hr.at 37°C) with Period of Incubation and

Treatments
d Phosphatase 3 period o ] bation (Da

Treatment 1 3 7 15 30 45 60 Mean
C 60.2 58.3 57 50.4 42.8 36.5 28.9 47.73
FR 64 72.8 71.6 66.5 29.1 32.3 49.1 55.06
2FR 63.3 68.9 66.5 61.3 26.5 29.1 443 51.41
10FR 51.7 64.7 63 54.8 20 26 38.3 45.50

Mean 59.80 66.18 64.53 58.25 29.60 3098 | 40.15

Table4. Dehydrogenase activity (ug of TPF/g of oven dry soil/hr. at 37°C) with Period of Incubation and
Treatments

Dehydrogenase activity with period of incubation (Days)

Treatment 1 3 8 15 30 45 60 Mean
C 11.6 10.57 9.74 7.73 6 4.99 4.14 7.82

FR 9.86 9.31 8.52 6.57 5.5 7.5 8.58 7.62
2FR 9.16 8.06 7.85 5.71 4.85 7.25 7.91 7.26

10FR 8.45 7.36 5.4 3.83 3.76 6.7 7.55 6.15
Mean 9.77 8.83 7.88 5.96 5.03 6.61 7.05
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