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Degradation of flubendiamide as affected by elevated CO2,
temperature, and carbon mineralization rate in soil
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Abstract An experiment was conducted under three levels of
atmospheric CO2 [ambient (398 ± 10 μmol mol−1), elevated
(570 ± 10 μmol mol−1) and open condition], three levels of
temperature (4, 25, and 40 °C) to study the degradation pattern
of flubendiamide in soil and also carbonmineralization in soil.
Results of this study revealed that flubendiamide was found to
persist longer under outdoor condition (T1/2, 177.0 and
181.1 days) than ambient (T1/2, 168.4 and 172.3 days) and
elevated condition (T1/2, 159.3 and 155.3 days) at 1 and
10 μg g−1 fortification level, respectively. Results also re-
vealed that flubendiamide dissipated faster at 40 °C (T1/2,
189.4 days) than 25 °C (T1/2, 225.3 days). Slower dissipation
was recorded at 4 °C (T1/2, 326.3 days). Thus, increased CO2

levels and temperature following global warming might ad-
versely affect flubendiamide degradation in soil. Laboratory
study on microbial biomass carbon (MBC) and carbon miner-
alization (Cmin) in soil revealed that in des-iodo
flubendiamide-treated soils, MBC significantly increased up
to 45 days and then decreased. Flubendiamide-treated soil
showed a non-significantly decreasing trend of soil MBCwith
time up to the 15th day of incubation and after 15 days signif-
icantly decreased up to 90 days of incubation. In des-iodo
flubendiamide-treated soil, the evolution of CO2 decreased
up to 45 days, whichwas increased after 45 days up to 90 days.

In flubendiamide-treated soil, CO2 evolution decreased up to
30 days and after 45 days, it increased up to 90 days.
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Introduction

Concentration of CO2 in atmosphere has risen from pre-
industrial times (∼280 μmol mol−1) to a current global mean
(∼398 μmol mol−1). Climate scientists are predicting that CO2

will exceed 500 μmol mol−1 during the later half of this cen-
tury. Using IPCC report on climate model projections it indi-
cated that during the twenty-first century, atmospheric CO2

concentration is likely to be doubled along with global aver-
age temperature probably rise further by 1.1–6.4 °C (IPCC
2007). For the development of sustainable plant protection
practices, monitoring of pesticide residues in environmental
body is very critical. Persistence of agrochemicals in soil and
water body has social, environmental, as well as economic
significance, which are often used for the environmental im-
pacts and monitoring of pesticide use. The change in atmo-
spheric CO2, as well as changes in temperature, may have
effects on the fate of xenobiotics that end up in environment
when sprayed (Das and Mukherjee 2011; Das and Mukherjee
2012a; Das and Avasthe 2015). The temperature of the soil
influences degradation rates of pesticide; the rate of most re-
actions catalyzed by enzymes tends to double for every 10 °C
increase in temperature [between 10 and 45 °C]. An increase
in soil temperature will thus lead to an increase in degradation
rate. The grade of the degradation is increased with the rise of
the temperature, as proved in some studies completed under
tropical circumstances. Some studies suggest a temperature of
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40 °C, or higher, as the desirable temperature for the best
degradation rate of DDT (Guerin 1999). No more literature
is available on the effect of CO2 and temperature on pesticide
fate in our environment. Most of the reports are based on
modeling of the available data and suggested that increase in
temperature has resulted in decrease in pesticides persistence
over the last few decades (Williams et al. 1992; Bailey 2003;
Bloomfield et al. 2006). Rate of pesticide degradation in soil
depends on different physico-chemical properties like soil tex-
ture (Choi et al. 1988), composition of organic matter (Xing
and Pignatello 1997), soil pH (Walker et al. 2001), mode of
action of pesticide, chemical structure, etc. Microbial biomass
carbon (MBC) in soil acts as a strong predictor of the pesticide
degradation capacity of a particular soil (Voos and Groffman
1997) and is considered as an important attribute of soil qual-
ity (Doran and Parkin 1994) and carbon mineralization (Cmin)
is an age-old reliable method for studying microbial activities
in soil. Changes in Cmin have also been used as criteria for
pesticide toxicity (Torstenssen and Stenstorm 1986). Drigo
et al. (2008), who reviewed effect of elevated CO2 on soil
microbial parameters and activities in rhizosphere of upland
crops, showed mixed response on MBC; some suggested in-
crease in MBC (De Graaff et al. 2006; Carney et al. 2007; Li
et al. 2010), while others suggested no effect (Janus et al.
2005; Bazot et al. 2006; Lesaulnier et al. 2008).

F l u b e n d i a m i d e , N 2 - [ 1 , 1 - d i m e t h y l -
2-(methylsulfonyl)ethyl]-3-iodo-N1-[2-methyl-4-[1,2,2,2-
tetrafluoro-1-(trifluoromethyl)ethyl]phenyl]-1,2-benzene
dicarboxamide, which belongs to phthalic acid diamide group
(Fig. 1) is mainly effective for controlling lepidopteron pests
in rice, cotton, other fruits, and vegetables like chilli, cabbage,
etc. (Tohnishi et al. 2005). It affects Ca+2 ion balance irrespec-
tive of Na+ or K+ ion balance, which is responsible for con-
traction of insect skeletal muscle (Masaki et al. 2006). In in-
sects, it activates ryanodine sensitive intracellular calcium re-
lease channels (Das et al. 2015). Literature showed that
flubendiamide persisted more in dry soil (T1/2, 206.6–
215.0 days) as compare to field capacity (T1/2, 177.0–
181.1 days) and submerged (T1/2, 150.5–158.4 days) condi-
tion (Das et al. 2012). Under sterile and nonsterile conditions,
DT50 of flubendiamide in red soil were found to be 140.3 and

93.7 days, respectively, and in alluvial soil it was 181.1 and
158.4 days, respectively (Das and Mukherjee 2014).
Flubendiamide dissipated in okra fruits with T1/2 ranged from
4.7 to 5.1 days (Das and Mukherjee 2012b). Absolutely no
real-time information/study is available on the fate of
flubendiamide under elevated CO2 and temperature and also
its effect on Cmin. Owing to the ever increasing use of
flubendiamide in the agricultural land, the investigation was
carried out to study the effect of elevated atmospheric CO2

(570 ± 10 μmol mol−1) and temperature (4, 25, and 40 °C) on
degradation pattern flubendiamide in soil. Keeping in mind
the toxicological importance of photo metabolite, in the pres-
ent study, investigation also finds the effect of flubendiamide
and its photo metabolite des-iodo flubendiamide onMBC and
Cmin.

Materials and methods

Soil sampling and chemicals

A sandy loam soil used in the present study was collected
from the experimental farm of IARI, New Delhi with no his-
tory of pesticide application. Different physico-chemical
properties of the soil were analyzed with standard method
(Jackson 1967). Sand, silt, and clay contents were measured
by using Bouyoucos hygrometer (Bouyoucos and Cook
1967). Exchangeable Ca+2, Mg+2, K+, and Na+, along with
acid oxalate-extractable Fe+2 and Al+3, were determined by
Blakemore et al. (1987) method. Soil pH (1:2.0 H2O), Olsen P
(0.5 M NaHCO3 extraction), CEC [1-M NH4OAc (pH 7.0)
extraction], and SO4

−2 [0.04-M Ca(H2PO4)2 extraction] were
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Fig. 1 Chemical structure of flubendiamide

Table 1 Physico-
chemical properties of
soil under study

Physico-chemical properties IARI soil

pH 8.1

Sand, 0.02–2 mm (%) 56.1

Silt, 0.002–0.2 mm (%) 24.3

Clay, <0.002 mm (%) 19.6

Organic carbon (%) 0.37

CEC (meq/100 g) 12.74

Surface area (m2/g) 42.1

EC (mS/m) 0.22

Specific gravity 2.17

Olsen P (mg kg−1) 29.12

SO4 (mg kg−1) 13.27

Acid oxalate Al% 0.28 %

Acid oxalate Fe% 0.09 %

K (cmol Kg−1) 0.78

Ca (cmol Kg−1) 7.19

Mg (cmol Kg−1) 1.21
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measured by Black et al. 1965 method. By using the Walkley
and Black (1965) method organic carbon content. Electrical
conductivity of soil was measured with conductivity meter.
Analyzed soil properties are given in Table 1. Analytical grade
flubendiamide (99.5 %) and des-iodo flubendiamide (99.2 %)
were purchased from M/s Bayer Crop Science Limited,
Mumbai, India. All the glassware were washed with chromic
acid solution and then thoroughly washed with water, rinsed
with acetone, and then dried at 115 °C for 4 h prior to use. The
solvents and other chemicals were purchased from Merck
Specialties Private Ltd, New Delhi, India. High-performance
liquid chromatography (HPLC) solvents were doubled filtered
and de-gassed prior to use.

Degradation study under different CO2 level

Effect of elevated CO2 study was carried out in a complete-
ly randomized design experiment in the National Phytotron
Facility, IARI, New Delhi, India in an open top chamber
(1.85 and 1.62 m). Continuous injection of pure CO2 into
the open top chamber was carried out to maintain elevated
levels of CO2 in open top chamber (OTC) at 570
± 10 μmol mol−1. Before entering into the chamber, it
was mixed with air from the air compressor. From the mid-
dle of the chamber, the air sample was drawn periodically
into a CO2 sensor. Thereafter, in the chamber set, level of
CO2 was properly maintained. CO2 data logging, control,
and operation were performed through digital input and

output module using a computer on a real-time basis. At
three conditions, viz. open top chamber maintained at am-
bient (398 ± 10 μmol mol−1), elevated CO2 level (570
± 10 μmol mol−1), and open condition effect of CO2 on
flubendiamide degradation in soil was studied with two
concentration level viz., 1.0 and 10.0 μg g−1. It was con-
sidered that in phytotron growth chamber, the narrow
range of f luctuat ions of CO2 concentrat ion was
±10 μmol mol−1 which has been reported elsewhere
(Sujatha et al. 2008). This study was carried out at 1.0
and 10.0 μg g−1. Standard solution (1000 μg g−1) of
flubendiamide was added (20 mL) in 200-g air dry soil to
fortify at the level of 100 μg g−1. To obtain 10.0 and
1.0 μg g−1 levels, this fortified soil sample was serially
diluted with the untreated soil. Air dry soil was brought
to field capacity moisture level (20.1 %) by adding re-
quired amount of water as per the methodology of Das
and Mukherjee 2014. The treated and control soil samples
were transferred to 250-mL beakers, and with aluminium
foil, all beakers were closed. Constant weight was main-
tained throughout the experiment by adding required quan-
tity of water every alternate day. One set of beaker was
transferred to OTC having elevated CO2 concentration
(570 ± 10 μmol mol−1), one set to OTC at ambient CO2

concentration (398 ± 10 μmol mol−1), while the third set
was kept in the open condition. Beakers in triplicate were
withdrawn at 0, 3, 5, 7, 10, 15, 30, 50, 60, and 90-day
interval along with control sample. Residues in soil were

Des-iodo flubendiamide  

Flubendiamide  
Fig. 2 HPLC chromatogram of
flubendiamide and des-iodo
flubendiamide

Table 2 Physico-chemical properties of flubendiamide and des-iodo flubendiamide

Pesticide Kow log P MW MP Density (at 20.8 °C) VP Solubility in water (at 20 °C)

Flubendiamide 4.2 (25 °C) 682.4 217.5–220.7 °C 1.659 g cm−3 <1 × 10−1 mPa (25 °C) 29.9 × 10–6 g L−1

Des-iodo flubendiamide – 556.5 – – –

Determination of field capacity

MW molecular weight, MP melting point, VP vapour pressure
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extracted with acetone (50 mL) in 150-mL separatory fun-
nel by intermittent shaking. The contents in the flask were
collected through filtered paper (Whatman filter paper no.
1). Soil was then transferred back to beaker and again ex-
tracted with fresh 50-mL acetone (two times). All acetone
extracts were pooled and concentrated by rotary evapora-
tor. Two percent of saturated NaCl solution (100 mL) was
mixed with concentrated extract, transferred to separatory
funnel, and exchanged into DCM solvent (3 × 30 mL).
Combined DCM extract was collected in a round bottle
flask passed through anhydrous NaSO4. Extract was evap-
orated to dryness and dissolved in HPLC grade acetonitrile
for residue analysis.

Degradation study under different temperature regimes

Degradation behavior of flubendiamide in soil was stud-
ied at 1-μg mL−1 fortification level under three different
temperature regimes (4, 25, and 40 °C). The experiment
was conducted in a completely randomized design under
laboratory condition. In this study, three levels of temper-
ature as mentioned above were carefully chosen to simu-
late the current and future levels of temperature, which is
expected to prevail over the growing regions of Indian
subtropical condition in the later half of this century.
Three temperature levels were selected based on the pre-
vailing temperature regime in Indian subtropical condition
to make it India-specific. Samples were fortified at
1-μg mL−1 level. After fortification, the beakers were di-
vided into three sets. First set was kept in refrigerator
maintained at 4 ± 1 °C; second set was kept at 40 ± 1 °C
in incubating oven; and the third set placed in BOD incu-
bator at 25 ± 1 °C. The beakers were closed with alumin-
ium foil, and constant weight of the beakers was main-
tained throughout the experiment by replenishing the lost
water every alternate day. Samples in triplicate, i.e., three
beakers per fortification level per moisture regime were
withdrawn at 0, 3, 5, 7, 10, 15, 30, 50, 60, and 90-day
interval along with control. Triplicate samples removed
for analysis by HPLC.

Residue analysis and calculation

Final extracts were dissolved in double-filtered HPLC grade
acetonitrile for quantification. Residues of flubendiamide
were estimated byHPLC system (Merck-Hitachi). The mobile
phase was a mixture of acetonitrile-water (70: 30 v/v) and flow
rate 0.5 mL min−1 having injection volume of 10 μL.
Flubendiamide was eluted at retention time (10.1 min) under
these conditions at 210 nm (λmax). HPLC chromatogram of
flubendiamide and des-iodo flubendiamide is presented in
Fig. 2. The limit of detection (LOD) was 0.01 μg g−1.
Obtained residue data were undergone for regression analysis.
Half-life (T1/2) value was calculated using first-order dissipa-
tion kinetics.

Carbon mineralization and microbial biomass carbon
study

This study was carried out in laboratory conducted at room
temperature. At first, air dry soil was brought to field ca-
pacity moisture level (Das and Mukherjee 2014). In dark
condition, field capacity soil was then acclimatized at room
temperature for about 7 days. Fifty-gram soil in individual
beaker was taken. To simulate field application rate,
flubendiamide at 24.0 g a.i. ha−1 and its metabolite des-
iodo flubendiamide at 24 g a.i. ha−1 was applied in solution
form. Both flubendiamide and des-iodo flubendiamide-
treated soils were incubated at 25 °C, along with control
with three replication. The entire beaker contained 0.1-N
NaOH in a vial, which help to trap the evolved CO2 the.
The beakers were withdrawn at 0, 1, 3, 5, 7, 10, 15, 30, 45,
60, and 90 days of incubation for estimation of Cmin. For
microbial biomass carbon experiment, three sets of soil
samples (20 g) were taken. One set fumigated with
ethanol-free chloroform (25 mL) placed in a vacuum des-
iccator and then chloroform was allowed to boil for 2 min
under reduced pressure. They were then incubated at 25 °C
for 1 day (Joergensen 1996). Unfumigated second set was
kept under similar conditions in the desiccators. For mois-
ture estimation, third set was kept in open condition.
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Fig. 3 Dissipation of flubendiamide under different CO2 condition at
1.0 μg g−1 level
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Fig. 4 Dissipation of flubendiamide under different CO2 condition at
10.0 μg g−1 level
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Fumigated and unfumigated soil sample were extracted
with 50 mL 0.5 (M) K2SO4 by an oscillating shaker at
500 rpm for 20 min. Estimation of extracted carbon and
MBC calculation was done by the method of Vance et al.
(1987). Evolved CO2–C from soil was measured by back
titrating the unused alkali verses hydrochloric acid
(Zibilski 1994). This was used for estimating potential car-
bon mineralization. Data analyzed by SAS software pack-
ages 9.3 was subjected to Duncan’s multiple range test.
The details of the insecticides used for the experiment are
presented in Table 2.

Results and discussion

Effect of elevated CO2 on degradation of flubendiamide

Flubendiamide degradation at 1.0 and 10.0 μg g−1 levels un-
der three different CO2 conditions is shown in Figs. 3 and 4,

respectively. Under outdoor condition, mean-starting residue
deposits were 0.98 and 9.91 μg g−1 at 1.0 and 10 μg g−1

fortifications. With time lapse, flubendiamide residues go
down slowly and found that at 10μg g−1 fortification, residues
were 9.38, 8.75, 7.89, and 7.01 μg g−1 during 10, 30, 60, and
90 days, respectively. These losses amount from 5.3 to 29.2 %
at 10 μg g−1 level (Table 3). In the untreated control samples,
no interfering peaks/residues were observed. From the first-
order dissipation kinetics, calculated half-life values were
177.0 and 181.1 days at 1 and 10 μg g−1 fortification levels
(Table 4).

Under ambient CO2 condition, mean-starting deposits cal-
culated were 0.98 and 9.91 μg g−1 at 1.0- and 10-μg g−1

Table 4 Regression equation and half-life (T1/2) of flubendiamide
incubated under different CO2 conditions

Treatment Fortification
(μg g−1)

Regression
equation Y=

R2 value K values T1/2

(days)

Outdoors 1.0 −0.0015x − 0.004 0.996 0.0039 177.0
10.0 −0.0014x + 0.987 0.944 0.0038 181.1

Ambient
CO2

in OTP

1.0 −0.0016x − 0.007 0.987 0.0041 168.4
10.0 −0.0017x + 0.983 0.951 0.0040 172.3

Elevated
CO2

in OTP

1.0 −0.0021x − 0.008 0.994 0.0043 159.3
10.0 −0.0018x + 0.988 0.952 0.0044 155.3

Table 3 Degradation of flubendiamide under different CO2 condition at 1.0 and 10.0 μg g−1 level

Days Average residuesa (μg g−1) ± SD

Outdoors Ambient CO2 in OTP Elevated CO2 in OTP

1.0 μg g−1 10.0 μg g−1 1.0 μg g−1 10.0 μg g−1 1.0 μg g−1 10.0 μg g−1

0 0.98 ± 0.04 9.91 ± 0.01 0.98 ± 0.05 9.91 ± 0.03 0.97 ± 0.06 9.95 ± 0.04

3 0.97 ± 0.02 (1.3) 9.78 ± 0.05 (1.3) 0.95 ± 0.05 (3.0) 9.75 ± 0.04 (1.6) 0.95 ± 0.04 (2.0) 9.77 ± 0.05 (1.8)

5 0.96 ± 0.04 (2.3) 9.65 ± 0.02 (2.6) 0.93 ± 0.04 (5.1) 9.61 ± 0.06 (3.0) 0.94 ± 0.08 (3.1) 9.65 ± 0.07 (3.0)

7 0.95 ± 0.02 (3.3) 9.52 ± 0.05 (3.9) 0.90 ± 0.06 (8.1) 9.41 ± 0.05 (5.04) 0.91 ± 0.05 (6.18) 9.51 ± 0.06 (4.4)

10 0.94 ± 0.03 (4.3) 9.38 ± 0.07 (5.3) 0.87 ± 0.07 (11.2) 9.34 ± 0.06 (5.7) 0.88 ± 0.05 (9.2) 9.44 ± 0.07 (5.1)

15 0.92 ± 0.05 (6.4) 9.18 ± 0.06 (7.3) 0.84 ± 0.05 (14.2) 9.05 ± 0.05 (8.6) 0.85 ± 0.03 (12.3) 9.15 ± 0.05 (8.2)

30 0.87 ± 0.04 (11.1) 8.75 ± 0.05 (11.7) 0.81 ± 0.08 (17.3) 8.47 ± 0.07 (14.5) 0.82 ± 0.07 (15.4) 8.57 ± 0.06 (14.0)

50 0.82 ± 0.06 (15.2) 8.32 ± 0.06 (16.0) 0.75 ± 0.04 (23.4) 8.13 ± 0.05 (17.9) 0.74 ± 0.05 (23.7) 8.34 ± 0.05 (16.3)

60 0.77 ± 0.02 (21.0) 7.89 ± 0.05 (20.3) 0.71 ± 0.07 (27.5) 7.30 ± 0.07 (26.3) 0.68 ± 0.05 (29.8) 7.01 ± 0.06 (29.6)

90 0.68 ± 0.03 (30.8) 7.01 ± 0.06 (29.2) 0.64 ± 0.03 (34.6) 6.60 ± 0.10 (33.4) 0.60 ± 0.06 (38.1) 6.12 ± 0.08 (38.6)

Figures in parentheses show % dissipation
a Average of three replicates

Table 5 Degradation of flubendiamide in soil under different
temperature conditions 1 μg mL−1 fortification level

Days Average residuesa (μg mL−1) ± SD

Temperature 4 °C Temperature 25 °C Temperature 40 °C

0 0.97 ± 0.06 0.965 ± 0.05 0.97 ± 0.02

3 0.96 ± 0.04 (0.92) 0.96 ± 0.05 (0.31) 0.97 ± 0.06 (0.10)

5 0.95 ± 0.05 (1.75) 0.95 ± 0.02 (1.13) 0.95 ± 0.05 (1.33)

7 0.95 ± 0.07 (1.85) 0.95 ± 0.05 (1.55) 0.95 ± 0.03 (1.95)

10 0.93 ± 0.06 (3.8) 0.92 ± 0.04 (4.24) 0.94 ± 0.05 (2.98)

15 0.92 ± 0.03 (4.53) 0.90 ± 0.07 (6.52) 0.92 ± 0.04 (5.14)

30 0.91 ± 0.05 (5.76) 0.87 ± 0.06 (9.01) 0.85 ± 0.07 (12.44)

50 0.87 ± 0.071 (10.19) 0.85 ± 0.04 (11.70) 0.81 ± 0.03 (16.46)

60 0.85 ± 0.076 (12.25) 0.80 ± 0.05 (16.58) 0.76 ± 0.07 (21.60)

90 0.84 ± 0.02 (13.28) 0.75 ± 0.03 (22.17) 0.71 ± 0.06 (26.64)

Figures in parentheses show % dissipation
a Average of three replicates
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fortification. With time lapse, flubendiamide residues go
down slowly and found that at 10μg g−1 fortification, residues
were 9.34, 8.47, 7.30, and 6.60 μg g−1 during 10, 30, 60, and
90 days, respectively. These losses amount from 5.7 to 33.4 %
(Table 3). At 1.0-μg g−1 fortification level, 0.87, 0.81, 0.71,
and 0.64 μg g−1 residues were detected during 10, 30, 60 and
90 days, respectively. These losses amount from 11.2 to
34.6 % (Table 3). In the untreated control samples, no inter-
fering peaks/residues were observed. From the first-order dis-
sipation kinetics, calculated half-life values were 168.4 and
172.3 days at 1 and 10 μg g−1 fortification levels (Table 4).
Das et al. (2012) also showed that flubendiamide persisted in
field capacity with a T1/2 of 177.0–181.1 days.

Under elevated CO2 condition, mean initial deposits cal-
culated were 0.97 and 9.95 μg g−1 at 1.0- and 10-μg g−1

fortification, respectively. With time lapse, flubendiamide
residues go down slowly and found that at 10-μg g−1 for-
tification, residues were 9.44, 8.57, 7.01, and 6.12 μg g−1

during 10, 30, 60, and 90 days, respectively. These losses
amount from 5.1 to 38.1 % at 10-μg g−1 level (Table 3). At
1.0-μg g−1 level, 0.88, 0.82, 0.68, and 0.60 μg g−1 residues
were detected during 10, 30, 60, and 90 days, respectively.
These amount from 9.2 to 38.1 % (Table 3). Calculated
half-life values from first-order dissipation kinetics were
159.3 and 155.3 days at 1.0 and 10 μg g−1 fortifications
(Table 4). Flubendiamide was found to persist longer under
outdoor condition than ambient condition followed by ele-
vated condition. Higher temperature in OTC may result in
increased volatilization losses which hasten faster degrada-
tion of flubendiamide. Similar results have been shown by
Chatterjee et al. 2013 in metaflumizone. It seems that at
elevated CO2 level, slightly higher temperature maintained
in open top chamber (OPT) is responsible for the faster
flubendiamide degradation. Das et al. (2012) reported sim-
ilar degradation pattern under submerged soil with T1/2 of
150.5–158.4 days.

Effect of temperature on degradation of flubendiamide

At different temperatures, the residue data at different time in-
tervals are presented in Table 5. The calculated mean initial
deposits at 4, 25, and 40 °C were found to be 0.97, 0.965,
and 0. 97 μg mL−1, respectively (Fig. 5). On the 15th day, the
percent dissipation recorded was 4.53–6.52, while during the
60th day it was 12.25–21.60 % and 13.28–26.64 % on the 90th
day. Results revealed that residues dissipated faster at higher
temperature 40 °C (26.64%), followed by 25 °C (22.17%), and
4 °C (13.28 %) after 90 days. At the initial stage, i.e., after
15 days, residues of flubendiamide dissipated faster at 25 °C
(6.52), followed by 40 °C (5.14), and 4 °C (4.53). The calcu-
lated half-life values along with correlation coefficient are dem-
onstrated in Table 6. Correlation coefficients in all the cases
were found to be >0.95. Dissipation of the pesticide followed
mono-phasic first-order kinetics. Calculated T1/2 values using
first-order kinetics varied from 189.4 to 326.3 days (Table 6).
Results revealed that flubendiamide dissipated faster at 40 °C
(T1/2, 189.4 days) than 25 °C (T1/2, 225.3 days). The faster
dissipation of flubendiamide in soil under 40 °C could be due
to the breakdown of the two amide linkage present in the mol-
ecule. Besides at higher temperature soil thermophilic microbes
may play an important role for degradation. But slowest dissi-
pationwas recorded at 4 °C (T1/2, 326.3 days). In the
untreated control samples, no interfering peaks/residues were
observed. Faster dissipation of flubendiamide at high tempera-
ture could be due to the breakdown of amide linkage present in
the molecule. Higher temperature-enhanced degradation of var-
ious pesticides molecules has been reported by Starner et al.
(1999), Bobe et al. (1998), and Morishima and Iigaya (1995).
Faster dissipation at higher temperature has also been reported
for synthetic pyrethroids (Watters et al. 1983) and endosulfan
(Kaur et al. 1998).

Effect flubendiamide and des-iodo flubendiamide
on MBC and Cmin in Soil

Effects of flubendiamide and des-iodo flubendiamide addition
on soil microbial biomass carbon are shown in Table 7. In des-

Table 6 Regression equation and half-life of flubendiamide in soil
under different temperature conditions

Temperature (°C) Regression
equation Y=

R2 value K value T1/2 (days)

4 y = 0.0007x + 0.0186 0.984 0.0021 326.3

25 y = 0.0007x + 0.0212 0.992 0.0030 225.3

40 y = 0.0008x + 0.0156 0.979 0.0036 189.4
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Fig. 5 Dissipation of flubendiamide in soil at different temperatures
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iodo flubendiamide-treated soils, results showed that MBC
significantly increased up to 45 days and then decreased spon-
taneously with time up to 90 days. The MBC was statistically
higher in des-iodo flubendiamide-treated soil, compared to the
flubendiamide-treated soil and control throughout the experi-
ment. Flubendiamide-treated soil showed a decreasing (non-
significant) trend of soil MBC, with time up to the 15th day of
incubation and after 15 days, decreased (significant) up to
90 days of incubation. But comparing with control, it was
significantly lower from day 15 onward throughout the incu-
bation period. Handa et al. (1999) reported that during incu-
bation period, an increase in soil microbial biomass might be
due to increased availability of nutrient and energy source
with the mineralization of insecticides. During the first
45 days, higher MBC in des-iodo flubendiamide-treated soil
and control soil might be due to a proliferation of microbial
populations. The toxic effect of flubendiamide decreased with
increase in time; thereby, it resulted in increase in microbial
population after a certain point of time.

The Cmin data has been represented in Table 8. In des-iodo
flubendiamide-treated soil, the evolution of CO2 decreased up
to 45 days. But it increased after 45 days up to 90 days.
Similar trend was also shown by the control-treated soil. In
flubendiamide-treated soil, CO2 evolution decreased up to
30 days and after 45 days, it increased up to 90 days. But
CO2 evolution remained steady between 30 and 45 days in
flubendiamide-treated soil. Interestingly, during the

incubation period among the control, des-iodo flubendiamide
and flubendiamide-treated soil, there were no significant dif-
ferences in Cmin. This showed that applied doses of
flubendiamide and its photo metabolite des-iodo
flubendiamide in soil are not high enough to suppress micro-
bial population. Till date, no study has carried out in
flubendiamide for Cmin study. But, Tu (1992), in his experi-
ment, reported that the Cmin increased significantly after 96 h
of incubation with atrazine. Also, Zelles et al. (1985) reported
a very little effect of lindane, atrazine, and captan on the Cmin

pattern. In des-iodo flubendiamide-treated soil, the decline in
Cmin up to 45 days, soils could be due to utilization of nutrients
and energy by soil microorganism and the establishment of a
suitable environment (Sengupta et al. 2009). Thus,
flubendiamide at recommended field doses (24 g a.i.)
and des-iodo flubendiamide, which is produced by pho-
tolysis of flubendiamide in presence of light, have only
marginal effects on MBC and Cmin and that effect may
be recovered by microbial population rapidly. But, lab-
oratory and field studies may differ considerably due to
presence of various biotic and abiotic factors. HPLC-
MS chromatogram for mineralization pattern of
flubendiamide and its degraded product is shown in
Fig. 6. HPLC-mass spectrometry analysis indicated that
flubendiamide showed molecular ion peak at m/z 680.8
(M+) and after mineralization the molecular ion peak
observed at m/z 274.8 (M+).

Table 8 Carbon mineralization following application of pesticide

Treatment Cmin (mg CO2–C kg−1 soil) at different days of incubation period

0 3 7 15 30 45 60 90

Control 64.49Aab 60.38BCab 58.91Bab 49.46Be 37.59Bd 33.37Bdc 45.95Bbc 52.37Bdc

Des-iodo flubendiamide 62.46Aab 55.37Dbc 46.49Dde 41.28BCfe 35.61Bc 30.39Bde 43.14Bdc 53.94Bab

Flubendiamide 68.28Aab 62.49BCc 54.46Cb 46.82Bbc 39.67Bc 41.38Bf 45.46Bbc 49.81Ba

Means with same uppercase letters in a column are not significantly different in same day; means with same lowercase letters in a row are not
significantly different in same treatment

Table 7 Microbial biomass carbon in soil following application of pesticide

Treatment MBc (mg kg−1) in soil at different days of incubation period

0 3 7 15 30 45 60 90

Control 355.37Aa 357.75Cc 356.34Cbc 364.56Ca 369.75Cab 367.46Cbc 359.31Bbc 355.37Cbc

Des-iodo Flubendiamide 372.15Bab 377.46Bc 387.43Bab 390.49Ba 395.31Bab 400.53Bbc 377.49ABc 375.76ABc

Flubendiamide 365.53Bb 363.23Cab 361.43Dd 358.27Dbc 347.64Dc 335.36Cc 330.28Dbc 325.46Dd

Means with same uppercase letters in a column are not significantly different in same day; means with same lowercase letters in a row are not
significantly different in same treatment
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