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Abstract: Imidacloprid is the most commonly used insecticide in Haryana that play animportant role in pest
management and hence improved crop yield production. This study was done to investigate the consequences of
Imidacloprid on the activity of dehydrogenase and urease enzymes in soils of selected zones of Haryana. A 28 days
experiment was carried out where sampling was done after 1st, 7th, 14th 21st and 28t day of Imidacloprid
application at different concentrations like T1 (1 mg/kg), T2 (2 mg/kg) and T3 (10 mg/kg). After analysing the
physicochemical properties of soils of various zones the enzymatic activities were measured using colorimetric
assays. Dehydrogenase activity was decreased initially after imidacloprid exposure but after 14 days a stimulation
was observed in dehydrogenase activity at lower doses. The decrease was directly proportional to concentration of
imidacloprid and indirectly proportional to time of incubation. Urease activity was inhibited by highest dose of
imidacloprid after first day exposure. However, a stimulation in urease activity was observed after 14 days of
imidacloprid treatment at all doses. Obtained results showed that the activity of dehydrogenase and urease were
affected by concentration and treatment time of Imidacloprid significantly in soils of each selected zone of Haryana.
The results provide a clue about the possible ecological effects of Imidacloprid.
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Introduction

Currently the whole world is facing two major  billion till 2050 that demand more food

challenges -- one is changing climatic conditions
and the second one is population explosion.
According to a report, it was predicted that
estimated population of world will rise higher by a

production in limited resources. About 15-20%
crop yield production is reduced by pests in India
(Bhalerao and Puranik, 2007) that cause a huge
loss. To fulfil the food requirements of increasing
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population, use of pesticides has become a
necessary evil. Consumption of pesticides is
unevenly distributed in India i.e. southern parts
consumes less pesticides as compared to northern
parts due to variation in local climatic conditions
and soil types (Zhang et al, 2012). With persistent
use, these pesticide gets accumulated in soil,
cause soil pollution and impose a threat to soil
microbiota. Soil is the top most layer of earth’s
crust, composed of rock particles, air, water,
inorganic components,
mixture of organic remains and microorganism.

humus, organic and
Soil composition may vary from place to place,
generally soil is composed of about 90-95%
abiotic components (air, water, rock particles,
sand, silt, clay) and only 5-10% biotic component
(fungi, bacteria, invertebrates, etc.).
Haryana is making significant contribution for the

insects

food production and hence, known as food bowl of
the country. About 80% area is classified as net
sown area in Haryana hence, agriculture is the
main driver of the state economy. Haryana is
divided in four zones according to the cropping
pattern and type of soil. These four zones are (A)
Rohtak zone, (B) Hisar zone, (C) Kurukshetra
zone, and (D) Mahendergarh zone. One zone soil
differs from the other in their physicochemical
properties and type of soil. Various pests like
jassids, thrips, beetles, aphids and flies reduces the
crop yield production that become a major issue of
concern for the existing situation. To prevent
reduction of crop yield due to these pests,
pesticides are used at a large scale that leads to
soil contamination.

The effect of these pesticides contamination in
soil can be predicted better by measuring certain
soil enzymes activity (Pandey and Singh, 2006;
Flotch et al, 2011). The activities of these enzymes
are the sensitive indicator of the microbial
response to natural and chemical stress. Enzyme
activities in soil results either from the activities of
accumulated enzymes excreted from dead cells or
from activities of proliferating microorganisms.
Soil enzymes analysis represent correlation with
activity,
fertilization and degree of pollution in soil

microbial nutrient  cycling, soil

(Kizilkaya et al, 2004). Soil enzymes like
dehydrogenase and wurease are important
biocatalyst and catalyse various biological

reactions and play important role in increasing
soil fertility (Bending et al, 2006; Quian et al,
2009; Wang et al, 2010). Hence, both were
selected in this study for assessing the effect of
imidacloprid in soils of Haryana. Dehydrogenase is
an intracellular oxidoreductase enzyme that
transfer electrons and protons from substrate to
acceptor and help in biological oxidation of
organic matter present in soil (Seibomoet al,
2011). Urease enzyme hydrolyses urea into
ammonia and carbondioxide gas. This ammonia
forms ammonium carbonate with water that turns
pH from 6.8 to 8.4 or acidic to alkaline.This
enzyme is tightly bound to organic matter and
mineral compounds present in soil. Interaction
between abiotic and biotic factors are very
complex and affected by various environmental
factors.

Imidacloprid is a ring derivative neonicotinoid
that is a fastest growing and highly used
insecticide that gain 24% share of total market in
2008 (Jeshke et al, 2011). Imidacloprid is used in
so many ways such as-- to treat seeds (Zaller et al,
2016), soil and foliar application (Karnar et al,
2006; El-Nagger and Zidan, 2013). It acts
agonistically on nAChRs of insects and specifically
active on hemipteran pests species such as
whiteflies, aphids and plant hoppers but it is also
used to control some coleopteran and
lepidopteran pest species (Nauen et al, 2003).
Persistence of Imidacloprid in soil was
investigated by El-Hamady et al. (2008) and
reported that after 7-21 days of application on
cotton seeds only 1.8 to 6.8% of C!4 labelled
Imidacloprid was taken by plants.

In 2019-20 Imidacloprid production was 20
MT (Ministry of Chemicals and Fertilizers 2020-
21) while consumption of Imidacloprid was 309
MT and increased to 372 MT in 2020-21 in India
(http://ppgs.gov.in/statistical-database?page=1).

Imidacloprid was reported to alter the soil
microbial and enzymatic activities in previous
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studies. This study is an effort to evaluate whether
Imidacloprid generous application by man affects
soil health. To the best of our knowledge, this is
the first study indicating the effect of imidacloprid
pesticide on soil enzymes in Haryana soil.

Materials and Methods

Commercial formulation of Imidacloprid 17.8 SL
(Bayer Crop Science Limited, India) was
purchased from Rohtak local market. Various
chemicals used for enzymatic activities were
purchased from Central Drug House (CDH).

Collection of soil samples:

Soil samples were collected in sterile bags from
non-contaminated places from different zones of
Haryana i.e. Rohtak, Kurukshetra, Mahendergarh
and Hisar. Collected soil was poured in sterile bags
and brought to laboratory where the soil was first
crushed, grinded and dried in air and then further
analysed to determine various properties.

Physicochemical properties of soil:

Firstly, physicochemical properties of the soil
were determined for its further analysis. pH
determined by pH meter, water holding capacity
by filter paper method, cation exchange capacity
by barium chloride method (Gillman, 1979), total
nitrogen  content by  Kjeldahl = method
(Kandeler,1995), total organic carbon content by
Kandeler method. Soil texture and presence of
various micronutrients was analysed by soil
testing kits.

Experimental design:

For this experiment soil of each zone divided and
poured into 12 pots @ 2 kg soil per pot (three
replicates and four imidacloprid doses) in a
completely design.
concentrations taken are control, T1 (1 mg/kg
soil), T2 (2 mg/kg soil) and T3 (10 mg/kg soil).
Imidacloprid dissolved in water and poured drop
wise to the pots then mixed thoroughly with the
help of a sterile spatula. In control only water was
mixed. 45% to 50% maximum water-holding

randomized Various

capacity of the soil was maintained by periodically
adding distilled water. Polypropylene sheets were

used to cover the pots and incubated in dark to
prevent evaporation and photodegradation of
imidacloprid. Appropriate soil samples were taken
after 1, 7, 14, 21 and 28 days from three pots of
each zone and each treatment. Soil dehydrogenase
enzyme and urease

performed by following methods:

enzyme assays were

Soil Dehydrogenase enzyme activity (DHA):

Soil DHA was determined by the method
developed by Casida et al. (1964) after 1, 7, 14 and
28 days in the soil samples. 5 g dried soil from
each soil sample containing various concentration
of imidacloprid (i.e. C, 1 mg/kg, 5 mg/kg, 10
mg/kg) was taken in 25 ml test tube. 3% triphenyl
tetrazolium chloride (TTC) and 2.5 ml of distilled
water was added in each tube and mixed
thoroughly using a stirrer. The tubes were
37 °C for 24 h.

triphenyl

stoppered and incubated at
Methanol
tetrazolium formazan (TPF) from this mixture.

was used to extract
The absorbance was measured at 485 nm with a

Shimadzu Spectrophotometer. Results were
calculated using the standard curve that was
prepared by taking final concentration of 10 to
100 pg TPF. DHA activity was expressed as ug TPF

gth-1(Alef, 1995).
Urease activity Measurement:

Urease activity was determined by adding urea
(10% w/v) to wet soil (10 g) supplemented with
20 ml citrate buffer (pH 6.7) followed by
incubation at 37 °C for 20 min. The mixture was
diluted by adding distilled water and mixed
thoroughly and filtered immediately. 3 ml filtrate
was transferred to a 50 ml capacity flask in having
10 ml of distilled water, 4 ml of sodium phenolate
(phenol 50%, NaOH 21.6%, 1:1) and 3 ml of
sodium hypochlorite (0.9% active Cl;) was added
and left for 20 min. Then, ammonium ions
concentration was determined in the reaction
mixtures by measuring the blue colour intensity
that was produced due to the reaction of ammonia
with sodium chlorate and sodium phenolate. The
optical absorbance was measured colorimetrically
at 630 nm by a Shimadzu Spectrophotometer. The
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Table 1: Physicochemical properties of soils of various zones of Haryana

Nutrients Rohtak Hisar Kurukshetra Mahendergarh
Soil Type Sandy Loam Sandy Loam Coarse loam Sandy
pH 7.89 7.39 8.01 7.49
Organic Carbon (%) 0.33 0.30 0.36 0.24
Electrical conductivity 0.21 0.33 0.23 0.45
(1:2)

potassium (kg/ha) 155.00 127.00 265.00 167.00
Phosphate (kg/ha) 6.50 5.80 4.90 3.90
Sulphur (ppm) 101 115.00 131.00 98.5
Zinc (ppm) 0.94 0.80 0.97 0.63
Iron (ppm) 5.43 4.55 5.44 4.84
Manganese (ppm) 1.69 2.82 4.00 3.56
Copper (ppm) 1.00 0.41 0.68 0.79

activity of Urease was expressed in the form of
mg NH4* kg-th-! (Gianfreda et al, 1994).

Results and Discussion
Physicochemical properties of soil:

Various  physicochemical  properties  and
significant nutrients of soils of four zones of
studied to check effect of

Imidacloprid treatment in agricultural soil of

Haryana were

Haryana state. The results given in Table 1 clearly
indicated variability of all parameters.

Dehydrogenase enzyme activity:

Highest activity of dehydrogenase (Fig. 1) was
observed in untreated soil of each zone except soil
D in which T1 and T2 doses have non-significant
higher dehydrogenase activity after 21 and 28
days of imidacloprid treatment. Our results are in
conformity with the results of Naumann (1970)
who have reported that methyl parathion at 15
kg/ha stimulated the DHA but negative effects
were observed at higher doses. At single dose
malathion also accelerated DHA but inhibited at

double dose (Panda and Sahu, 2000). The
dehydrogenase activity decreases significantly
with the increasing concentration of imidacloprid
after 1stand 7t days of treatment in each soil
except soil C where no significant change was
observed. After 14 days of treatment a significant
increase in each soil was observed as compared to
DHA activity after 1 day. Similarly, DHA activity
was increased by 15.36% after 15 days when
recommended dose of imidacloprid is applied
(Bhattacharya and Sahu, 2013). After 21 and 28
days of treatment non-significant changes were
observed. However, maximum change was
observed in soil B and Soil D. But the T3 showed a
significantly lower DHA activity as compared to
control soil at all sampling time. But this trend was
not observed in soil D. In this soil after 21 and 28
days of exposure no effect was observed in DHA
activity with dose of imidacloprid.

Non-significant effect in DHA were observed
due to various doses of imidacloprid. Highest
concentration of imidacloprid reported to
show lowest DHA followed by T2 and highest in
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Fig. 1: Dehydrogenase enzyme activity [ug TPF/(g soil.h)] in soil of different zones of Haryana treated with
Imidacloprid (C: control; T1: 1 mg/kg soil; T2: 2 mg/kg soil; T3: 10 mg/kg soil). Each value represents Mean *
S.D. of three replicates. A significant statistical differences (P<0.05) between Imidacloprid dose and exposure
time were analysed using post hoc Tuckey test and represented using different letters (Similar letters show
statistically insignificant while different letters show statistically significant with each other).
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Fig. 2: Activity of Urease enzyme (mg NHa4*/ kg dry soil) in soil of different zones of Haryana treated with
Imidacloprid (C: control; T1: 1 mg/kg soil; T2: 2 mg/kg soil; T3:10 mg/kg soil). Each value represents Mean *
S.D. of three replicates. A significant statistical differences (P<0.05) between Imidacloprid dose and exposure
time were analysed using post hoc Tuckey test and represented using different letters (Similar letters show
statistically insignificant while different letters show statistically significant with each other).
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untreated soil. Initially DHA was decreased up to
7 days and after 14 days it started to increase
with time in each soil. Similar results were
obtained in a study done by Wang et al. (2014).
The DHA activity at RD and 2RD doses increased
non-significantly with time. This suggests that
DHA is correlated with microbial population and
sensitive to Imidacloprid and other insecticides
(Shetty and Magu, 1998; Singh and Singh, 2005).

Urease Enzyme Activity:

Compared to control soil urease activity was
significantly inhibited by highest dose (T3) of
imidacloprid only after 1stday of exposure. Similar
results were obtained by Wang et al. (2014) who
have reported that urease activity was decreased
by 21.7% and 30.5% in
acetamiprid treated soils, respectively. We found

imidacloprid and

stimulation of urease activity after 14 days of
treatment at all the doses of imidacloprid in each
soil (Fig. 2). Similar to our study a 35% decrease
in urease activity was observed in first 15 days
and then a stimulation in urease activity was
observed in the urease activity in Imidacloprid
treated soil (Singh and Kumar, 2008).

No significant changes were observed in the
control and T1 doses as well as in T2 and T3 doses
in each soil at each time point (Fig. 2). However, a
slight decrease in urease activity was observed at
higher doses of Imidacloprid (T2 and T3) as
compared to control and T1 doses. Similar results
were observed by Mohiddin et al. (2011) in urease
activity. In comparison to other soils, a significant
decrease was observed even after 7thand 14t days
at T2 and T3 dosage in soil D and this was the
maximum decrease as observed in this study in
urease activity. Bhattacharya and Sahu (2013) also
reported similar results where 25.52% decrease
was observed in urease activity at recommended
agricultural dose of imidacloprid. These results
indicated that urease activity was temporarily
inhibited by Imidacloprid application but urease
activity would be recovered once the imidacloprid
gets degraded.

Conclusion

At lower recommended field rate doses
imidacloprid increased the dehydrogenase but at
higher doses, it may decreased.
significantly inhibited at lower doses after day 1.
But at next time stimulation
observed at T2 and T3 doses. Change in soil
enzymatic activities due to a pesticide gave a brief
idea about non-target toxicity of that pesticide.
Soil enzymatic activities get disturbed due to
extraneous application of pesticides that in turn
changes nutrient cycling. Imidacloprid negatively
affected the soil enzymes and hence, soil microbes
for short term at lower doses, but at higher doses
these changes remained persistent in soil and
decreases the soil fertility. However, the
interaction between time of exposure, dose of
Imidacloprid and soil physicochemical properties
were very complex. Many factors help in the
modification of the reaction of Imidacloprid with
these enzymes. Results of this study showed that
Imidacloprid at lower doses not cause significant
harm to these soil enzymes but when applied
frequently to higher doses it hinders the
regeneration of microbial fauna and hence, these
enzymes. To the best of our knowledge it is the
first study that examine the effects of Imidacloprid
on these soil enzymes in soil of different zones of
Haryana. From this study it is concluded that
Imidacloprid is than other
insecticide if used at lower dose and instruction

for its application in agriculture are followed.

Urease

in urease was

somehow safer
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