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ABSTRACT

Imidacloprid (1-[(6-chloro-3-pyridinyl) methyl]-N-nitro-2-imidazolidinimine), is
a recent systemic and contact insecticide with high activity against a wide range of pests.
Continuous dispersion of this pesticide in the environment and its stability in soil results
in environmental pollution which demands remediation. Used in this research
Rhizobium pusense strain IHB 1 (OP218458.1) and Psychrobacter celer strain
IHB2(OP672320.1). which were previously isolated from botanical fields soil of
greenhouses which has been using imidacloprid pesticides for many years to determine
optimum condition and degradation ability for imidacloprid by tested in minimal salt
medium (MSM) for a duration of 2) days. The temperature, pH number, and
concentration of the pesticide were determined for the growth of bacteria. The best
growth of Psychrobacter celer strain IHB2(OP672320.1) was at 28°C, pH 6, and pesticide
concentration 50ppm, while Rhizobium pusense strain IHB1 (OP218458.1) had the best
growth at 24°C, pH 7, and pesticide concentration 75ppm.Levels of imidacloprid in
MSM medium were analyzed by high-performance liquid chromatography (HPLC).
Rhizobium pusense strain IHB1 (OP218458.1) was able to degrade 50.2% and
Psychrobacter celer strain IHB2(OP672320.1) was able to degrade 59.01% of the initial
amount of imidacloprid at the concentration of 25 mg /L in MSM media. All bacteria
introduced in this study were among the first reports of imidacloprid degrading isolates
in MSM-limited media from greenhouse soil. Therefore, the results of this study
demonstrate the effectiveness of using soil bacteria for microbial degradation of
imidacloprid. These findings suggest that these strains may be promising candidates for
bioremediation of imidacloprid-contaminated soils.

Keywords: MSM, Psychrobacter, Rhizobium, HPLC.
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INTRODUCTION

Pesticides are a significant environmental risk where three million metric tons of
pesticides are used globally each year because of their enduring effects on the environment.
The organic decomposition of many of these pesticides in the soil is incomplete and enter the
food chain through bioaccumulation and biomagnification, having an effect on both the target
and non-target organisms, including people. Since farmers who spray pesticides in greenhouse
fields are also affected by them, pesticide residues are viewed as a significant risk factor in
society (Awad et al., 2018; Othman & Kakey, 2018). One million of the three million
individuals who are fatally poisoned by pesticides each year do not even know it, according to
the World Health Organization (WHO) (Miccoli et al., 2016). Neonicotinoid insecticides are
widely used because insect pests are a widespread issue. accounting neonicotinoid around
25% of the global pesticide market (Zhang et al., 2019). These compounds are becoming
more and more well-liked as an alternative to pyrethroid and organophosphate due to their
unigue mechanism of action (Abdel-Ghany et al., 2016). More and more academics have
been focusing on the effects on organisms, the environment and activities using these
substances through Studies on aquatic creatures (Chen et al.,, 2019), birds (Humann-
Guilleminot et al., 2019), bees (Zhu et al., 2019; Strobl et al., 2021) and mammals
(including humans) have shown that exposure to neonicotinoid pesticides may cause acute or
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chronic toxicity (Ali et al., 2018; Saqger et al., 2018). As of late. The residual duration after
pollution has been removed is an important indication. The amount of time that
neonicotinoids stay in the soil varies greatly, from a few hundred to several thousand days
(Schaafsma et al., 201%). Imidacloprid, the first half-life of one neonicotinoid insecticide is
28-1250 days, while the half-life of clothianidin is 148-6931 days. There hasn't been much
investigation into the precise reasons behind the significant inter-annual variation in
neonicotinoid residual durations in the environment. The most popular insecticide is
imidacloprid, also known as (1-[(6-chloro-3-pyridinyl) methyl] The first neonicotinoid
pesticide on the market was N-nitro-2-imidazolidinimine. It is used in more than 100
countries and more than 140 different types of crops (Jeschke & Nauen, 2018). More than
two-thirds of the world's imidacloprid is produced in China, with 12,000 tons produced in
2012. 2019 China exported 31,595 tons of imidacloprid-related goods in 2017 (Chen et al.,
2019). IMI has been used heavily and widely, but this has led to several problems, including
environmental contamination, insect resistance, and the extinction of natural adversaries (Liu
et al., 2013). Because of the increased attention being paid to environmental issues, IMI's
microbial degradation has been studied to eliminate IMI residues in ecosystems. It was
discovered that IMI can remain in the soil for up to 156 days before it starts to lose its
effectiveness (Jeschke & Nauen, 2018). The most common method for converting synthetic
chemicals into inorganic compounds is biodegradation, and both biotic and abiotic
components of soil, such as elements, sunlight, and microbes, aid in this process. Soil
microorganisms have been shown to degrade Heavy Metals and imidacloprid in several
studies (Al-Soufi et al., 2015; Garg et al.,2021), also found the ability of pseudomonas sp.
To biodegradation of imidacloprid, hydrocarbons and Phenol in soil (Hatit et al., 2013;
Nafal & Abdulhay, 2020; Kridi et al., 2021; Dhari & Hetite, 2019) and bioremediation of
imidacloprid using Azospirillium biofertilizer and Rhizobium biofertilizer (Kulkarni et al.,
2022). This research aimed to ability of Rhizobium pusense strain IHB 1 (OP218458.1) and
Psychrobacter celer strain IHB2(OP672320.1) the best degrading of imidacloprid in
communities’ soil samples for greenhouses and identify the best.

MATERIAL AND METHODS

Chemicals and organisms

By the National Center for Pesticide Control in Baghdad provided imidacloprid (purity
>97%). All solvents were bought from Merck KGaA in Germany (99.9% purity) and were of
HPLC grade. England company Romil developed HPLC-grade water. A nylon filter (0.45)
pum was used when applying HPLC-grade H>O and C:HsN. Using a criterion solution,
analytical criterion for HPLC, standardization in the 1-50 mg/L range was produced.
Rhizobium pusense strain IHB 1 (OP218458.1) and Psychrobacter celer strain IHB2
(OP672320.1) provided from the Department of Biofertilizers by the Plant Protection Director
in Baghdad.
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Culture of microbe growth

According to the manufacturer's recommendations, distilled water was used to create
MSM (Mineral Salt Medium) media and was autoclaved for 15 minutes at 121°C to guarantee
that the solutions was sterilized (Sigma-Aldrich, USA). Imidacloprid (25 ppm) was
administered using a syringe filter. According to (Zhao et al.,2018) the mineral salt medium
(MSM) was employed for biodegradation testing and contains (g/L) ammonium sulfate (2.0),
potassium hydrogen phosphate (0.625), sodium dihydrogen phosphate (0.6), magnesium
sulfate (0.2), and calcium chloride. Antarctictite (hexahydrate) (0.15) (pH 7.0). The medium
was cleaned by autoclaving it at 121C degrees for 15 minutes.

Instruments

An HPLC (LC-2010 A HT Shimadzu Japan model) with a DAD was used for the
analysis of imidacloprid. ChemStation software was used for all data collection and
processing. Each sample was separated using a 250 4.6 mm Orbit C18 reversed-phase
column. At 1 ml/min at a flow rate and an oven temperature of 40 °C, the mobile phase's
binary composition was 60% water and 40% acetonitrile. The detector's wavelength was
adjusted at 270 nm. Each time a sample was inspected, the calibration curve was verified. was
developed with the use of external standards and a quantitative technique known as linear
regression analysis. In order to identify imidacloprid, the retention time was employed. For
measuring the optical density was employed., a spectrophotometer (Cecil/ CE
7200) (Sabourmoghaddam et al., 2015).

Temperature Variation Assay

Temperature Tolerance for psychrobacter sp. and Rhizobium sp. were investigated by
incubating bacterial cultures in MSM medium with 25 ppm imidacloprid at 20 °C, 24 °C, 28
°C, 32 °C, and 37 °C and after that measured optical density after 1 and 3 days.

PH Variation Assay

The ability of Rhizobium pusense strain IHB 1 (OP218458.1) and Psychrobacter
celer strain IHB2 (OP672320.1) isolates to grow at different pH was tested separately in
MSM broth with 25 ppm imidacloprid by adjusting the pH to 4.0, 5.0, 6.0, 7.0, 8.0, and 9.0
with NaOH and HCI. Growth of 1x107cfu/ml at different pH in optimum temperature was
determined by measuring O.D. at 550 nm after 1-4-7 days. Each experiment was performed in
triplicates.

Imidacloprid Concentration Variation Assay

The ability of cultures Rhizobium pusense strain IHB 1 (OP218458.1) and
Psychrobacter celer strain IHB2(OP672320.1) to grow in different imidacloprid
concentrations was tested by adding them concentrations 1 x 107 separately in MSM medium
containing 25, 50, 75, 100, 150, and 200 ppm of imidacloprid with incubation at optimum
temperature and pH.
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Biodegradation of Pesticides in Minimal Salt Medium10’

Sterilized 50 ml falcon tubes were used in all biodegradation experiments. Each tube
received 30 ml of MSM containing 25 mg/L imidacloprid. This MSM functioned as the only
source of carbon and nitrogen in a carbon-limited medium. Also used control tubes containing
medium and a pesticide (without any bacteria) to prevent environmental effects such as
photodegradation. for imidacloprid. 107 bacterial cells per ml were cultivated in the falcon
tubes for three weeks at optimum temperature in the dark on a rotating shaker set to 120 rpm.
For analyses of pesticide residue from imidacloprid taken subsamples from each treatment
were taken after 1, 7, 15, and 21 days. A one-half milliliter of each subsample was combined
with a one-half milliliter of acetonitrile in two milliliters Eppendorf tubes, and the resulting
mixture was centrifuged at 12,000 rpm for five minutes to measure the concentration of each
treatment. To store the supernatant used Pasteur pipettes were used to transfer it to the amber
HPLC vials and kept in a refrigerator. Each sample was injected into the HPLC at a volume of
50 microliters. And also measure the growth bacteria in each falcon tubes at the same time on
550nm optical density (OD) was recorded. (Sabourmoghaddam et al, 2015).

Statistical Analysis

The standard error of mean results for each experiment was calculated after each
experiment was carried out in triplicate. It was done using one-way analysis of variance
(ANOVA). based on HPLC data indicating variations in the concentration of imidacloprid in
treatments. The LSD test (p< 0.05) in SPSS 19 was used to assess mean differences. Controls
were only utilized to monitor the growth of the isolates; they were not employed in the data
analysis. (Cary., 2012).

RESULTS AND DISCUSSION

HPLC calibration

Imidacloprid retention time were 4.934 minutes under experiment conditions (Fig. 1).
Working standard solutions of imidacloprid were produced at different dilutions (1, 5, 25, and
50 ppm) and used to calibrate the instrument before any sample analyses were injected in
order to determine the sensitivity of the HPLC. The correlation coefficient for imidacloprid
was 0.999, indicating a linear relationship between the amount of standard solution injected
and the resulting peak area.
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Figure (1): Separation of the imidacloprid (4.934 min) 1 ml per minute flow rate on a C18
column.

Optimum condition for Growth isolates:
Temperature effects

The optimal temperature for growth Psychrobacter celer strain IHB2(OP672320.1)
was 28°C (Fig.2), while temperatures higher than 32°C reached 37°C reduced growth
markedly. The effect of temperature on growth rate was determined for several selected
temperatures (Fig. 3), and the temperature for maximal growth rate was also 28°C. while the
optimal temperature for growth and maximal growth of Rhizobium pusense strain IHB 1
(OP218458.1) was 24°C and reduced markedly growth was determined towards 37°C
which according with (Bipte et al., 2012) when used optimum temperature for Rhizobium sp.
to degraded imidacloprid and fipronil.
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Figure (3): Tolerance of Rhizobium pusense strain IHB 1 (OP218458.1) to Temp.
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Effect of pH

The optimum pH for Psychrobacter celer strain IHB2(OP672320.1) growth was 6 within the
range of 4.0-9.0 with limited growth toward acid (pH 4) and normal growth toward neutral
and base (pH 7 to pH9) after 7 days (Fig.4). While the optimum pH for Rhizobium pusense
strain IHB1 (OP218458.1) growth was 7 within the same range of 4.0-9.0 after 7 days of
incubation which according with (Madariaga-Navarrete et al., 2017) when used optimum
pH for bioremediation of Atrazine pesticide (Fig.5).
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Figure (4): Tolerance of Psychrobacter celer strain IHB2(OP672320.1) to pH.
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Figure (5): Tolerance of Rhizobium pusense strain IHB 1 (OP218458.1) to pH.

Effects of Imidacloprid Concentration

The optimal concentration of Imidacloprid for degradation by Psychrobacter celer
strain IHB2(OP672320.1) within the range used of 25-200 ppm was (25 and 50 ppm) in
optimum temperature and pH at 21 days of incubation and the degradation becomes lower
toward high concentration of imidacloprid (Fig.6), while the result when used the same range
concentration of imidacloprid with Rhizobium pusense strain IHB 1 (OP218458.1) was 75
ppm within optimal conditions from temperature and pH for it, with continues fewer growth
markedly toward high concentration of imidacloprid which indicates tolerance to high
concentrations of pesticides, which is compatible with (Madariaga-Navarrete et al., 2017)
when Rhizobium sp exposed. to 10,000 mg L from Atrazine and it continues growth lowest
which suggests that the bacteria are resistant to the Atrazine herbicide in high concentration

(Fig.7).
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Figure (6): Tolerance of Psychrobacter celer strain IHB2(OP672320.1) to Imidacloprid
concentrations.
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Figure (7): Tolerance of Rhizobium pusense strain IHB 1 (OP218458.1) to Imidacloprid
concentrations.
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Measured Imidacloprid Residues by Degrading Bacteria

Rhizobium pusense strain IHB 1 (OP218458.1) and Psychrobacter celer strain IHB
2(0P672320.1) bacterial strains were used to test imidacloprid biodegradation in optimum
condition for 21 days and measured residual. A one-way ANOVA was employed to examine
variations between the isolates taken from the MSM medium. The One-way analysis of
variance (ANOVA) was used to see whether there were any statistically significant
differences between the two groups. The daily concentration means (7, 15, and 21) days were
shown to be substantially different from one another at a 95% confidence interval. was
significant for all groups after days 7, 15, and 21 were also significant for differences between
groups. (Table 1). Imidacloprid biodegradation by two isolates was between 39.52% to
50.23% after seven days and 45.07 % to 53.50% on day 15 of incubation, although it
increased afterward to 59.01% and 50.20% of the spiking quantity by day 21 of incubation.
Statistically, the analysis found a significant relationship between the growth of isolate and
days, and, a significant correlation between bacterial population size and degradation ability
which according to with study (Sabourmoghaddam et al., 2015).
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Table (1): A one-way ANOVA test of the Significance for Days (1,7,15,21).

Days Groups Mean
ys. P T Df Square F Sig.
After 1 day Between 1.046 2 0.523 0.557 0.600
Groups
Within 5.637 6 0.939
Groups
Total 6.683 8
After 7 days Between 137.197 2 68.599 24.864 0.001
Groups
Within 16.554 6 2.759
Groups
Total 153.751 8
After 15 days Between 174.736 2 87.368 51.522 0.000
Groups
Within 10.175 6 1.696
Groups
Total 184.911 8
After 21 days Between 152.716 2 76.358 33.465 0.001
Groups
Within 13.690 6 2.282
Groups
Total 166.407 8
mC B Psychrobacter celer strain IHB 2 Rhizobium pusense strain IHB 1
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SRR S o ~ o
- . -
[= W
Q
: :
s N o ¥ 2
- o)) n o))
s - 2 g =
5 g
|_
§ I
'_
=2
@]
=2
e}
(@]
DAY 1 7 DAYS 15 DAYS 21 DAYS

Figure (8): Degradation of Imidacloprid by isolates in 21 days.
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CONCLUSIONS

The results of this research demonstrated that imidacloprid might be degraded by

Rhizobium pusense strain IHB1 (OP218458.1) and Psychrobacter celer strain
IHB2(OP672320.1) in optimum conditions. The chosen bacterial isolates from soil were able
to degrade between 50.2 and 59.01% of imidacloprid by 21 days. However, isolates bacteria
(Rhizobium and psychrobacter) introduced in this study were the first locally isolated from a
greenhouse in Irag about the degradation of imidacloprid in MSM media. These bacterial
conversions of imidacloprid open up new avenues for its chemical degradation in soil.
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