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Abstract Twelve bacterial species were evaluated to
know the degradation pattern of thiamethoxam in liquid
medium. All the bacterial species could actively degrade
phorate in a mineral salt medium containing phorate
(50 μg ml–1) as sole carbon source. As these species
have ability to degrade, we used these for the degrada-
tion of thiamethoxam—a neonicoitinoids. Screening of
12 active phorate-metabolizing bacterial species result-
ed in selection of Bacillus aeromonas strain IMBL 4.1
and Pseudomonas putida strain IMBL 5.2 causing
45.28 and 38.23 % thiamethoxam (50 μg ml−1) reduc-
tion, respectively, in 15 days as potential thiamethoxam
degrading species. These two bacterial species grew
optimally at 37 °C under shake culture conditions in
MSMT medium raised with initial pH of 6.0–6.5 and
use of these optimum cultural conditions resulted in
improved thiamethoxam degradation by these bacterial
species. These species caused maximum thiamethoxam
degradation only in the presence of thiamethoxam as
sole source of carbon and energy and the same was

reduced in the presence of easily metabolize able carbon
(C0 and C1) and nitrogen ((N0, N1 and N2) sources. This
could be attributed to involvement of repressible meta-
bolic pathways, reactions of which are inhibited by the
presence of easily available nutrients for growth. Be-
sides above, qualitative analysis of thiamethoxam resi-
dues by gas liquid chromatography revealed complete
metabolization of thiamethoxam without detectable ac-
cumulation of any known thiamethoxam metabolites.

Keywords Degradation . Thiamethoxam .Bacillus
aeromonas .Pseudomonas putida

Introduction

Insect pests have become major constraints for higher
productivity in agricultural crops (Agriculture, Today
2009). To protect various crops from damaging effects
of these insects, the demand for different pesticides is
increasing one way or the other (FAO 2001). World-
wide, about 3×109 kg of pesticides is applied annually
with a purchase of nearly $40 billion each year, and this
use of pesticides is increasing day by day. About 241
pesticides are registered for use in India against various
pests and diseases (CIBRC 2012). This extensive use of
pesticides has improved the agricultural productivity
many folds. However, excessive and continued use of
these toxic and relatively non-biodegradable chemicals
leads to a substantial health hazard resulting from active
uptake and accumulation of these compounds in the
food chain and drinking water (Mohamed 2009).
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Thiamethoxam, (EZ)-3-(2-chloro-1,3-thiazol-5-
ylmethyl)-5-methyl-1,3,5-oxadiazinan-4-ylidene (nitro)
amine, is now the second biggest neonicotinoid
(US$627 million) in terms of sales in 2009. Till date,
thiamethoxam holds registration for 115 crop uses in at
least 64 countries (Jeschke et al. 2011). It is one of the
most used neonicotinoid insecticides and is amongst the
most profitable pesticides worldwide being widely used
for foliar, soil and seed treatment (Pandey et al. 2009). It
is a new nitromethylene-derived neonicotinoid with
contact, stomach and systemic activity. It is active
against sucking and chewing insects like aphids, white-
flies, plant hoppers, thrips and beetles that attacks
various crops like rice, maize, cotton, vegetables and
mango (Gupta et al. 2008). However, its characteristic
properties, such as low soil sorption and high leaching
capability, make it potential contaminants of surface
and underground waters (Urzedo et al. 2009).
Neonicotinoids are not readily degraded and are consid-
ered as biorefractory pesticide pollutants and only
limited microbial species have been reported to trans-
form neonicotinoid insecticides (Wang et al. 2011). The
discovery of microorganisms capable of tolerating or
growing in high concentrations of insecticides provides
a potential avenue for treating hazardous wastes.
Current efforts on bioremediation of different insecti-
cides stress upon isolation and characterization of
pesticide-degrading microorganisms from the soil
(Shetti and Kaliwal 2012).

Microbial metabolization of thiamethoxam in liquid
cultures and inoculated soils has been reported by only a
few number of species such as Ensifer adhaerens TMX-
23-nitrogen-fixing and plant-growth-promoting
rhizobacterium (Zhou et al. 2013), a Pseudomonas sp.
(Pandey et al. 2009), Bacillus amyloliquefaciens
IN937a, Bacillus pumilus SE34 and Bacillus subtilis
FZB24 (Myresiotis et al. 2012), nicotine-degrading bac-
teria Acinetobacter sp. TW and Sphingomonas sp. TY
(Wang et al. 2011). The catabolic pathways involve
transformation of parent compound to nitrosoguanidine
(=N–NO), desnitro (=NH) and urea (=O) metabolites
(Pandey et al. 2009). Since microbial degradation using
selected bacterial species offers the most attractive and
cost effective bioremediation approach, this study re-
ports on two bacterial species from agricultural soils
expressing high thiamethoxam-metabolizing potential
and evaluation of their potential in thiamethoxam-
fortified liquid media for future exploitation in contam-
inated soil and water environments.

Material and methods

Bacteriological media

Two different types of bacteriological media were used
in this study. Luria Bertani (LB) was used as general
purpose medium consisted of (g l−1) bacteriological
tryptone 10.0, bacteriological yeast extract 5.0, sodium
chloride 10.0 and distilled water to make1.0 l. Mineral
salt medium (MSM) as given by Shaw and Burns (2004)
was used as minimal medium for enrichment of
thiamethoxam-degrading bacterial species and their
subsequent studies. This medium was consisted of (g l-
1) Na2HPO4·12H2O 3.0, KH2PO4 1.0, ammonium ferric
citrate 0.01, bacteriological yeast extract 0.1, trace ele-
ment solution 10 ml and distilled water to make 1.0 l.
Trace element solution was consisted of (g l−1):
MgSO4·7H2O 10.0, CaCl2·2H2O 2.0 and MnSO4·H2O
3.0. Initial pH of these media was adjusted between 7.0–
7.2 and medium was autoclaved at 15 psi of steam for
20 min. When needed, the medium was supplemented
with bacteriological agar (at 1.6 %) before autoclaving
to make solidified LB—or MSM—agar medium. The
sterilized MSM was supplemented with calculated
amounts of thiamethoxam stock (10mgml−1 in acetone)
just before use to provide thiamethoxam (at 20 or
50 μg ml−1) as sole source of carbon, nitrogen and
energy.

Source of thiamethoxam-degrading bacterial species

Twelve different bacterial species that were earlier iso-
lated from agricultural soils for phorate ((O,O-diethyl-
S-[(ethylthio) methyl] phosphorodithioate) degradation
by this lab (Jariyal et al. 2013) were used for the studied
of thiamethoxam degradation. These species are given
in Table 1.

Screening of bacterial species for thiamethoxam
degradation in liquid cultures

For studies on relative thiamethoxam degradation po-
tential of individual bacterial isolates, 15 ml of MSM
broth in 50-ml conical flasks supplemented with
thiamethoxam, MSMT (at 50 μg ml−1) was inoculated
with 500 μl of overnight-grown bacterial culture in LB
(108 CFU ml−1). The bacterial species were allowed to
grow at 37±1 °C on an orbital shaker (120 rpm) for
15 days. During this period, 1-ml aliquots of each
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culture broth drawn at specific intervals (3, 8 and
15 days) were analysed for thiamethoxam contents.
Similarly, incubated MSMT broth but without any bac-
terial inoculation served as respective controls.

Analysis of thiamethoxam

The technical grade analyt ica l s tandard of
thiamethoxam (purity 99.7 %) was procured from Sig-
ma-Aldrich, India. Thiamethoxam (Actara 25WG) for-
mulation was used for broth application. This formula-
tion was obtained fromM/S Syngenta India Ltd., Mum-
bai, India. Analysis of acetone extract of the formulation
showed only thiamethoxamwith no additional peak due
to any contaminant that could interfere with
thiamethoxam analysis. Moreover, thiamethoxam con-
centration was found to be accurate with respect to its
purity as claimed by the manufacturers. All other sol-
vents and reagents used in this study were of analytical
reagent grade. The quantitative estimation of
thiamethoxam was carried out using GLC equipped
with 63Ni ECD (Electron Capture Detector). A capillary
column Rtx-5 (30 m×0.53 mm i.d.×0.25 μm film
thickness of 5 % diphenyl and 95 % dimethyl
polysiloxane) with splitless mode was used for estima-
tion of thiamethoxam. The working conditions of GLC

were injector temperature of 280 °C, column tempera-
ture of 220 °C and detector temperature of 300 °C.
During analysis carrier gas (N2) flow was maintained
at 30 ml min−1. Before use, the column was primed with
several injections of standard solution of thiamethoxam
till a consistent response was obtained. Under these
operat ing condit ions, the retent ion t ime of
thiamethoxam was found to be 7.591 min. The
thiamethoxam in the sample was identified and quanti-
fied by comparison of the retention time and peak
heights of the sample chromatograms with that of stan-
dard run under identical operating conditions.

Quantification of thiamethoxam degradation in culture
broths

One-milliliter aliquots of culture broths were drawn at
specific intervals (0, 3, 8 and 15 days) and each aliquot
was transferred into individual separatory funnels. Each
sample was diluted with 500-ml brine solution (near
saturated sodium chloride solution) and the funnel con-
tents partitioned three times into dichloromethane using
100, 75 and 50 ml of dichloromethane, respectively. The
combined organic layers were collected and passed
through anhydrous sodium sulphate along with glass
wool and collected in 500-ml beakers. The

Table 1 Relative thiamethoxam degradation by identified bacterial species after different periods of growth in the MSMT liquid culture

Bacterial species 3 days 8 days 15 days

1 2 1 2 1 2

B. aerophilus strain IMBL 1.2 48.38±0.65 1.63 33.0±0.25 32.39 33.07±0.40 32.76

B. aerophilus strain IMBL 1.4 43.47±0.73 11.61 41.59±0.35 15.43 37.61±0.31 23.52

B. aerophilus strain IMBL 2.2 45.96±0.53 6.55 39.54±0.23 19.60 38.91±0.51 20.88

B. aerophilus strain IMBL 3.2 38.08±0.78 22.57 36.35±0.42 26.09 33.26±0.36 32.37

B. aerophilus strain IMBL 4.1 38.95±0.45 20.80 34.82±0.24 29.20 26.91±0.41 45.28

B. alkalinitrilicus strain IMBL 4.2 44.39±0.32 9.73 38.94±0.34 20.82 37.50±0.42 23.75

B. flexus strain IMBL 3.1 45.64±0.46 7.20 45.06±0.37 8.38 33.36±0.48 32.17

B. frigoritolerans strain IMBL 2.1 39.54±0.65 19.60 35.34±0.47 28.14 33.69±0.31 31.59

B. thuringiensis strain IMBL 1.3 45.36±0.54 7.77 39.83±0.33 19.01 36.10±0.33 26.59

P. fulva strain IMBL 5.1 48.38±0.67 1.63 35.99±0.41 26.81 33.26±0.42 32.37

P. monteilii strain IMBL 4.3 44.13±0.50 10.27 37.28±0.39 24.20 32.24±0.43 34.44

P. putida strain IMBL 5.2 45.36±0.39 7.77 38.47±0.37 21.78 30.38±0.44 38.23

Control 48.74±0.51 0.89 46.95±0.40 4.53 44.85±0.59 8.80

Data is mean±SE of triplicate values each. Mean thiamethoxam concentration under all treatments at 0 day was estimated to be 49.18±
0.0.64 μg ml−1

1 = total thiamethoxam residue (μg ml–1 ), 2 = percent thiamethoxam reduction
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dichloromethane fractions were concentrated to near dry-
ness using rotary vacuum evaporator at <35 °C. The final
volume was reconstituted to about 15 ml using acetone.
Thiamethoxam contents in sample aliquots were

quantified with the help of gas liquid chromatography
(GLC). The contents of thiamethoxam in the final acetone
extract were estimated by GLC. The thiamethoxam con-
tents were quantified by using following formula:

Thiamethoxam level μml‐1
� �

¼
Inecticide standard
injected ngð Þ

Peak area
.
height of the standard injected

�
Peak area

.
height of

the sample injected
Sample extract
injected μlð Þ

�
Total volume of the
sample extract mlð Þ

Volume of the culture mlð Þ

Half-life period of thiamethoxam

The half-life of thiamethoxam was determined by the
procedure specified by Johnson et al. (1992). The deg-
radation kinetics of the total thiamethoxam was deter-
mined by plotting the log of residue concentration
against time, and the coefficients of determination were
calculated to determine the equations of best fit curves.

Effect of various cultural parameters (medium pH,
temperature and aeration) on growth of bacterial species

Ability of bacterial species to potentially metabolize
different insecticides is directly related to their growth
rate (Chishti and Arshad 2012). Therefore, the effect of
different cultural parameters—initial medium pH (5.5,
6.0, 6.5, 7.0, 7.5, 8.0, 8.5 and 9.0), incubation temper-
ature (32, 37 and 42 °C) and aeration (shaking at
120 rpm vs. stationary conditions) on growth of bacte-
rial isolate (in terms of OD600)—was studied in 15 ml of
MSM broth supplemented with glucose at 0.5 % level
(MSMG) as sole source of carbon and energy. Each
medium aliquot was inoculated with 300 μl of overnight
grown culture of a bacterial isolate to provide an initial
OD600 of 0.030±0.005. Using 1-ml aliquots of culture
broth drawn at 24-h regular intervals, the growth of the
bacterial isolate was recorded in terms of OD600 in an
‘Eppendorf Biophotometer’ up to 7 days.

Effect of supplemented carbon and nitrogen sources
on thiamethoxam degradation in liquid cultures

The effect of glucose and ammonium sulphate as added
carbon and nitrogen sources on thiamethoxam degrada-
tion by selected bacterial species was studied in
thiamethoxam-supplemented (at 50 μg ml−1) MSM

broth and raised with optimum pH. Glucose was used
at constant level of 0.1 % to provide 0.04 % carbon.
However, ammonium sulphate as nitrogen source was
studied at two different levels (0.1 and 0.2 %) to provide
C:N ratio of 1:1.34 and 1:1.67. Fifteen milliliters of so
prepared media were inoculated with the bacterial inoc-
ulum to provide initial OD600 of 0.030±0.005 and
growth allowed at optimum temperature in an orbital
shaking incubator (120 rpm). After 15 days of growth,
the whole medium was analysed for bacterial growth
(OD600) and contents of thiamethoxam through GLC as
described earlier.

Results

Enrichment and isolation of bacterial species

Through enrichment, 12 bacterial species were previous-
ly isolated from sugarcane field and identified through
16S rDNA nucleotide sequence homology with
GenBank database by Jariyal et al. (2013) which has
the ability to degrade phorate, so we used these bacterial
species for the degradation of thiamethoxam—a
neonicotinoids.

Screening of bacterial species for thiamethoxam
degradation

Thiamethoxam degradation by 12 different bacterial
species was given in Table 1. These species exhibited
thiamethoxam reduction over a wide range of 20.88 to
45.28 % after 15 days. In the control (uninoculated)
treatment, thiamethoxam degraded slowly, showing a
maximum reduction of only 8.80 % after 15 days. With
most of bacterial species, the insecticide degradation
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improved with increase in growth period from 3 to
15 days. However, in this respect, different bacterial
species differed significantly in the rate by which insec-
ticide degradation by day 3 (Bacillus aerophilus strain
IMBL 4.1, 20.80 %; Pseudomonas monteilii strain
IMBL 4.3, 10.27 %; B. aerophilus strain IMBL 3.2,
22.57 % and Pseudomonas putida strain IMBL 5.2,
7.77 %) was improved to a maximum by day 15
(B. aerophilus strain IMBL 4.1, 45.28 %; P. monteilii
strain IMBL 4.3, 34.44 %; B. aerophilus strain IMBL
3.2, 32.37 % and P. putida strain IMBL 5.2, 38.23 %).
This might be having a relation with the biochemical
mechanism utilized by these different bacterial species
in insecticide metabolization. Compared to above, all
the bacterial species caused active metabolization of
thiamethoxam within 15 days of growth. But the values
being higher with B. aerophilus strain IMBL 4.1
(45.28 %) followed by P. putida strain IMBL 5.2
(38.23 %) followed by P. monteilii strain IMBL 4.3
(34.44 %).

Half-life period of thiamethoxam

Based upon the data in Table 1, the relative
thiamethoxam degradation potential of the different bac-
terial species was interpreted in terms of half-life (t1/2)
period of thiamethoxam in the presence of growth of
specific bacterial species (Table 2). For all the samples
studied, the exponential relations were found to apply
corresponding to the first-order rate equation. The total

thiamethoxam residues did not follow the first-order
kinetics because the R2 values were less than 0.99
(Jariyal et al. 2013), except P. putida IMBL 5.1 which
followed the first-order kinetics, R2 values was 0.99
(Table 2). The highest potential of the two spices
B. aerophilus IMBL 4.1 and P. putida IMBL 5.2 strain
in most actively metabolizing thiamethoxam was also
supported by the lowest calculated half-life for the dis-
sipation of total thiamethoxam (18.58 and 21.20 days
with high correlation coefficient values of 0.96 and 0.99,
respectively) by the same amongst all the species eval-
uated (Table 2). In this study, the control, thiamethoxam
was degraded by 8.80 % during 15 days, equivalent to a
half-life of 103.79 days.

All further studies were conducted with two bacterial
species, i.e. P. putida strain IMBL 5.2 and B. aerophilus
strain IMBL 4.1, which were established to express
maximum thiamethoxam degradation potential amongst
all the earlier available bacterial species.

Effect of various cultural parameters (medium pH,
temperature and aeration) on growth of bacterial species

Ability of bacterial species to potentially metabolize
specific insecticides as major nutrients is directly related
to their growth rate (Chishti and Arshad 2012). In view
of above, the effect of medium pH, incubation temper-
ature and aeration (shaking vs. stationary conditions) on
cell growth (OD600) of P. putida strain IMBL 5.2 and
B. aerophilus strain IMBL 4.1 is given in Fig. 1. Results

Table 2 Statistical data on regression analysis and half-life for the dissipation of total thiamethoxam by identified bacterial species in liquid
cultures

Bacterial species Regression equation Y=a+bx (Y) Half-life (days) Correlation coefficient (R2)

B. aerophilus strain IMBL 1.2 3.69+(−0.0079x) 23.33 0.89

B. aerophilus strain IMBL 1.4 3.68+(−0.0067x) 44.93 0.92

B. aerophilus strain IMBL 2.2 3.68+(−0.0068x) 44.26 0.87

B. aerophilus strain IMBL 3.2 3.65+(−0.0097x) 31.03 0.81

B. aerophilus strain IMBL 4.1 3.67+(−0.0162x) 18.58 0.96

B. alkalinitrilicus strain IMBL 4.2 3.68+(−0.008x) 37.63 0.90

B. flexus strain IMBL 3.1 3.70+(−0.0109x) 27.61 0.89

B. frigoritolerans strain IMBL 2.1 3.66+(−0.0097x) 31.03 0.80

B. thuringiensis strain IMBL 1.3 3.68+(−0.0088x) 34.20 0.97

P. fulva strain IMBL 5.1 3.69+(−0.0124x) 24.27 0.91

P. monteilii strain IMBL 4.3 3.68+(−0.0119x) 25.29 0.98

P. putida strain IMBL 5.2 3.70+(−0.0142x) 21.20 0.99

Control 3.69+(−0.0029x) 103.79 0.96
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suggest that these two bacterial species could grow over
a broad range of incubation temperature (32–42 °C), but
the optimum growth was achieved at a temperature of
37 °C (Fig. 1a). At this optimum temperature, irrespec-
tive of bacterial species the maximum growth was ob-
served after an incubation period of 3 days, which in
case of B. aerophilus and P. putida was recorded as
OD600 of 1.341 and 1.560, respectively. The use of
incubation temperature below or above 37 °C and incu-
bation period more or less than 3 days resulted in sig-
nificant decrease in cell growth, irrespective of bacterial
specie. All the two bacterial species achieved maximum
growth within 2–4 days of incubation, though growth
was significantly higher under shaking conditions than
in stationary cultures (Fig. 1b). Thus, shaking conditions

were relatively more promising for efficient growth of
these bacterial species and could be attributed to sample
availability of air (oxygen) which supported efficient
cell growth. These bacterial species however differed
with respect to their growth requirement for medium
pH. Although, these two bacterial species could grow
efficiently over a wider pH range, the preference for this
pH range differed amongst the two species. Thus,
whereas B. aerophilus had its maximum growth in a
pH ranges of 5.0–7.0 with optima at pH of 6.0 (Fig. 1c).
However, maximum growth of P. putida was observed
at pH of 6.5. At an optimum pH of 6.5, the maximum
growth ofP. putida (OD600=2.068) was reached after an
optimum incubation period of 3 and 4 days, respective-
ly. However, under similar conditions, B. aerophilus
achieved its maximum growth (OD600=2.010) at a me-
dium pH of 6.0 after the incubation period of 3 days.
Continuing the growth at optimum medium pH beyond
above-mentioned optimum incubation conditions result-
ed in a slight decline in growth in all the bacterial
species . Besides above, whereas growth of
B. aerophilus at pH higher than its respective optimum
pH range was drastically affected, P. putida could grow
efficiently at medium pH higher than their respective
optimum pH range. These results suggested that the two
bacterial species could grow optimally at a pH range of
6.0–6.5, and P. putida are more or less alkalophillic
bacterial species.

Effect of supplemented carbon and nitrogen sources
on thiamethoxam degradation

Thiamethoxam degradation by B. aerophilus and and
P. putida was studied in MSMT medium that had been
supplemented with additional carbon (as glucose) and
nitrogen (as ammonium sulphate) sources to possibly
support higher degradation through improved bacterial
growth. Whereas effect of glucose was studied at a
single level (C0 and C1—0.0 and 0.1 % glucose, respec-
tively), effect of ammonium sulphate as additional ni-
trogen source was evaluated at two different levels (N0,
N1 and N2—0.0 %, 0.1 % and 0.2 %, respectively). The
so-prepared MSMT media raised with optimum pH of
6.5 were inoculated with the bacterial inoculum of indi-
vidual bacterial species and incubated as described in
material and methods. After 15 days of incubation,
results on its comparative growth and thiamethoxam
degradation under different treatments are given in
Table 3. Thiamethoxam degradation in uninoculated

Fig. 1 Cell growth (OD600) of different bacterial species as influ-
enced by a incubation temperature, b aeration (shaking vs. sta-
tionary culturing) and c initial medium pH. PP P. putida, BA
Bacillus aerophilus, SH shaking conditions, ST stationary
conditions
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control treatments remained low (6.02–6.93 %). Under
unsupplemented conditions (C0N0), the cell growth of
B. aerophilus and P. putida remained low (OD600=
0.484 to 0.510) but was associated with maximum re-
duction in thiamethoxam, i.e. 59.03 and 51.19 %, re-
spectively. Availability of additional nitrogen (C0N1) as
well as carbon source (C1N1, C1N2) in the amended
MSMT resulted in improved growth of these bacterial
species. However, this increase in growth due to addi-
tional presence of carbon and nitrogen sources (C0N1,

C1N1 and C1N2) was associatedwith parallel decrease in
thiamethoxam reduction, i.e. 56.37 to 49.26 and 45.52
to 40.81 %, respectively by these bacterial species.
Thus, the decline in thiamethoxam degradation as com-
pared to unammended MSMT was enhanced in the
presence of additional nitrogen (C0N0→C0N1) and fur-
ther with the increase in level of nitrogen in the presence
of additional carbon (C1N1→C1N2). Though the study
did not include an analysis for degradation products of
thiamethoxam, GLC chromatograms of culture extracts

Table 3 Effect of carbon and nitrogen sources on thiamethoxam degradation (%) by different bacterial species after 15 days of incubation

Bacterial specie CN level Growth (OD600) Thiamethoxam

Contents, μg ml−1 % reduction

Control C0N0 – 45.89±1.02 6.57

C0N1 – 45.80±0.95 6.93

C1N1 – 46.17±0.89 6.18

C1N2 – 46.25±1.10 6.02

B. aerophilus C0N0 0.510±0.013 20.16±0.96 59.03

C0N1 0.801±0.021 21.47±1.13 56.37

C1N1 1.279±0.032 24.81±0.83 49.58

C1N2 1.192±0.029 24.97±1.09 49.26

P. putida C0N0 0.499±0.013 24.02±0.92 51.19

C0N1 0.901±0.031 26.81±1.17 45.52

C1N1 1.170±0.020 27.90±0. 91 43.30

C1N2 1.212±0.029 29.13±0.98 40.81

Data ismean±SE of three replications each.Mean thiamethoxam concentration in uninoculated control at 0 day irrespective of treatment was
estimated to be 49.21±0.86 μg ml−1 . Irrespective of treatment, mean OD600 was kept constant at 0.030±0.005 through the use of uniform
inoculation conditions. All media also contained ammonium ferric citrate at 0.001 % level to serve as source of iron

C0 no glucose, C1 0.1 % glucose, N0 no nitrogen, N1 and N2 0.1 and 0.2 % ammonium sulphate

Fig. 2 GLC chromatograms of
thiamethoxam (THI). a Standard
thiamethoxam. b, c
Thiamethoxam in 15-day-old
culture broth (C0N0) of Bacillus
aerophilus strain IMBL 4.1 and
Pseudomonas putida strain IMBL
5.2. ACE peak of acetone used as
solvent
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always showed only one peak specific to thiamethoxam
only with complete absence of peaks due to any possible
degradation product of the same suggesting a complete
metabolization of this insecticide to metabolites that are
not detectable by GLC (Fig. 2).

Discussion

Agricultural soils that are being repeatedly exposed to
different pesticides serve as a natural niche supporting
the growth and activity of a variety of microorganisms
including those having potential to degrade the respec-
tive xenobiotics. Several microbial species have been
isolated by enrichment techniques and their potential to
biodegrade specific insecticides in liquid culture media
and in inoculated soils have been established (Singh
et al. 2004; Kumar et al. 2012; Mandal et al. 2013;
Jariyal et al. 2013). In this study, all the 12 bacterial
species earlier isolated from agricultural soils by enrich-
ment on thiamethoxam insecticide expressed low to
high thiamethoxam-metabolizing abilities. Amongst
these two species, i.e. B. aerophilus strain IMBL 4.1
and P. putida strain IMBL 5.2 had exhibited significant-
ly higher thiamethoxam degradation potential. Studies
suggested that these two bacterial species grow over a
wide range of temperature and pH under shaking con-
ditions. Optimum cultural parameters enhance the bio-
degradation of insecticide by bacterial species which is
directly related to their growth rate (Chishti and Arshad
2012).

In case of the two selected bacterial species, i.e.
B. aerophilus and P. putida in spite of improved growth,
thiamethoxam degradation faced a decline by the pres-
ence of additional carbon and/or nitrogen. This was
suggestive of that the thiamethoxam metabolization by
these bacterial species is most likely repressed by the
presence of easily available carbon and nitrogen sources
and is stimulated by the absence of the same from the
culture medium. Bacterial species involved in active
degradation of different insecticide molecules are
known to express their maximum potential only under
nutrition-lacking conditions (Diez 2010; Jariyal et al.
2013). In this study, thiamethoxam degradation did not
result in accumulation of any of its detectable metabo-
lites. Compared to above, similar metabolization of
imidacloprid—another neonicotide—by bacterial spe-
cies belonging to Pseudomonas , Leifsonia ,
Stenotrophomonas, Enterobacter results in intermediate

metabolites, some of which are more toxic than the
parent compound (Anderson and Domsch 1980;
Tomizawa and Casida 1999; Jariyal et al. 2013). Thus,
the two bacterial species which were found to hold a
maximum potential for thiamethoxam reduction
through a potentially risk-free thiamethoxam degrada-
tion holds specific advantages for exploitation under
practical conditions. However, further understanding
on physiology, biochemistry and genetics of this bacte-
rium will help in further enhancing its significance for
purposeful exploitation in bioremediation of agricultural
soils from toxic influence of thiamethoxam and its
residues.
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