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Abstract

This study was conducted at ambient (398 + 10 pmol mol™'), elevated (450 + 10 pumol mol~!) and elevated
(550 + 10 umol mol ") atmospheric CO, under three moisture regime and also three level of temperature (4, 25, and 40°C) to
assess the degradation of pretilachlor and butachlor. Under dry condition at 398 + 10 umol mol ™', T, , was 28.5 and 59.4 days
for pretilachlor and butachlor, respectively; slowly decreased to 18.2 and 44.5 days at 550 + 10 umol mol~! indicated that
elevated condition enhanced degradation than ambient condition. Under field capacity with increasing CO, levels from ambi-
ent to elevated, T/, decreased from 18.9 to 11.6 days and 39.4 to 16.2 days for of pretilachlor and butachlor, respectively.
Similarly, under submerged conditions with increasing CO, levels T, decreased 14.7-7.1 and 26.3—11.8 days for pretilachlor
and butachlor, respectively. Study also revealed that both pretilachlor and butachlor dissipated faster at 40°C (T,,,, 9.7 and
19.4 days) than 25°C (T,),, 16.2 and 36.7 days). Slower dissipation was recorded at 4°C (T,,,, 87.6 and 182.4 days).
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Globally averaged combined land and ocean surface tem-
perature data shows a warming of 0.85 [0.65-1.06]°C over
the period 1880-2012 (IPCC 2014). The CO, concentration
in the atmosphere has increased by nearly 37%, since the
dawn of industrial revolution. Besides it is likely to increase
upto 570 ppm by the middle of the current century with
2.0-4.5°C warmer of earth surface. Elevated atmospheric
CO, concentration may have a profound effect on dissipation
pattern of soil applied different pesticides. It has well proven
that changes in soil temperature and atmospheric CO, due
to global warming affect the fate of different xenobiotics
(Das 2013). The persistence of pesticides in soil depends
on intrinsic chemical properties and extrinsic environmental
factors, mostly soil properties and climatic conditions (Das
et al. 2017). Intrinsic pesticide properties, such as vapour
pressure, water solubility, biological activity and resistance
to chemical changes, indicate the tendencies of pesticide
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fate, while the extrinsic factors, such as soil microbial activ-
ity, soil organic carbon content, soil temperature, solar radia-
tion and rainfall can greatly modify the pesticide fate (Rao
and Davidson 1980). Soil temperature influence degradation
rate of different xenobiotics as most reaction catalyzed by
enzymes tends to double for every 10°C increase in tem-
perature (Mukherjee et al. 2016). Temperatures 40°C, or
higher is desirable for the faster degradation rate of different
organochlorine pesticide like DDT. The half-life of pesti-
cides in soils might decrease by 60% with 10°C increase
in temperature (Bloomfield et al. 2006; Das 2014a, b, c).
Degradation rate of pesticide in soil depends on various fac-
tors like soil texture, soil moisture (Das et al. 2015), com-
position of organic matter and available nitrogen, soil acid/
base, number of strong and weak bond and also mode of
action (Das 2014a, b, c). Increased CO, may not affect pes-
ticide degradation directly but may be indirectly (by alter-
ing soil microbial community) has reported by Mukherjee
et al. (2016). Butachlor and pretilachlor belongs to the chlo-
roacetanilide group of herbicides that are one of the most
consumed herbicides in agriculture worldwide (Zheng et al.
2012). They are mainly applied on rice, tea, wheat, corn,
soybean and beans (Dwivedi et al. 2012) and commonly
used to control broad leaf weeds and annual grass (Wang
et al. 2016). Both butachlor and pretilachlor inhibit in lipid,
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fatty acids, isoprenoids, flavonoids and proteins biosynthesis
process. These herbicides are often detected in the ground
water and are highly persistent in the water bodies (Samuel
et al. 2015). The half-life of butachlor is 1.65-2.48 days in
field water and 2.67-5.33 days in soil (Huarong et al. 2010).
Pretilachlor dissipate readily in rice soil and does not affect
soil properties (Adachi et al. 2007). There was no evidence
of residue buildup due to continuous use of pretilachlor her-
bicide and dissipation of butachlor and pretilachlor in two
soil types under laboratory and field conditions was very
rapid. Absolutely no real-time information/study is avail-
able on the degradation of pretilachlor and butachlor under
three different level of CO, and temperature condition. Thus
the investigation was carried out to study the effect of three
different level of atmospheric CO, (398 + 10, 450 + 10, and
550+ 10 umol mol™!) and temperature (4, 25, and 40°C) on
degradation pattern pretilachlor and butachlor in subtropical
soil under National Phytotron Facility at IARI, New Delhi,
India.

Materials and Methods

Soil was collected from the experimental farm of TARI,
New Delhi, India (28°3823"N and 77°09"27"E; 228.61 m
above mean sea level; subtropical India) at a depth of
0-15 cm. Physico-chemical parameters of soil were ana-
lysed with standard method (Jackson 1967). Certified
Reference Material of pretilachlor (98.7%) and butachlor
(97.4%) were purchased from Rallis India Ltd., Banga-
lore, India. All glassware washed with H,CrO, solution
and then thorough washing with H,O, rinsed with C;H,O
and dried at 115°C for 4 h prior to use. Extraction sol-
vent was purchased from Merck Specialties Private Ltd,
New Delhi for residue analysis. Chemical structure of
butachlor and pretilachlor has shown in Fig. 1. Degra-
dation study was carried out in a CRD experiment with
three treatments and three replication in the National
Phytotron Facility, IARI, New Delhi, India in a circular
shaped UV shielded chamber (4.93 x2.87 m). The treat-
ment were 398 + 10, 450+ 10, and 550+ 10 pumol mol™!
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Fig.1 Chemical structure of butachlor and pretilachlor

level CO,. At three condition viz. chamber maintained at
ambient (398 + 10 umol mol~!) and elevated CO, level
(450410 and 550 + 10 umol mol ™) effect of CO, on pre-
tilachlor and butachlor degradation in soil was studied at
10.0 ug g~! fortification level at three moisture regimes
viz., dry, field capacity and submerged condition. For
treatment under field capacity moisture regime, the cal-
culated amount of water was added to bring the soil to
field capacity moisture level (19.9%), while in case of
submerged condition enough water was added to raise the
level of water to about 3 cm above the soil surface. No
water was added in dry treatments (Mukherjee et al. 2016;
Das 2014a, b, c). The treated and control soil samples were
transferred to 250 mL beakers and with aluminium foil
beaker were closed. Two set of beaker were transferred
to chamber having elevated CO, concentration (450 + 10
and 550 + 10 umol mol~!) while another set to chamber
at ambient CO, concentration (398 10 umol mol~!) at
three moisture levels. Constant weight was maintained
throughout the experiment by adding required quantity of
water every alternate day. All the beakers in triplicate were
withdrawn at 0, 3, 5, 7, 10, 15, 30, 50 and 60 days interval
along with control sample for all moisture regime. For
submerged and field capacity moisture regime residues in
soil were extracted with ethyl acetate (50 mL) in 150 mL
separatory funnel by intermittent shaking followed by fil-
ter with Whatman Filter Paper No. 1 and again extracted
with fresh 50 + 30 mL ethyl acetate. Ethyl acetate extracts
pooled, concentrated and redissolved in 10 mL of acetone
and were quantified for pretilachlor and butachlor residues
using gass liquid chromatography (GLC). Samples kept
under air dry condition were mixed with 0.2 mL of NH;4
solution followed by activated Florisil (0.5 g) thoroughly
mixed. The mixture was dried in a glass column containing
a layer (2 cm) of anhydrous sodium sulfate at the bottom
and eluted with about 125 mL of a mixture of ethyl ace-
tate + hexane (5 + 95 v/v). The extract concentrated, redis-
solved in 5 mL of acetone and were quantified. Degrada-
tion behavior of pretilachlor and butachlor in soil was also
studied at 10 ug mL~! fortification level under three differ-
ent temperatures regimes (4, 25, and 40°C) at field capac-
ity moisture level only. The experiment was conducted in
a complete randomized design (CRD) under laboratory
condition. Samples were fortified at 10 ug mL~! level and
after fortification the beakers were divided 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
third set placed in BOD incubator at 25 + 1°C. Samples in
triplicate were withdrawn at 0, 3, 5, 7, 10, 15, 30, 50 and
60 days interval along with control. Residues in soil were
extracted with ethyl acetate (50 mL) in 150 mL separatory
funnel by intermittent shaking followed by filter through
Whatman Filter Paper No. 1. Then again extracted with
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fresh 50 + 30 mL ethyl acetate. All extracts pooled, con-
centrated and redissolved in 5 mL of acetone and finally
quantified for pretilachlor and butachlor residues using
GLC. Residues of pretilachlor and butachlor were esti-
mated by GLC system (Hewlett-Packard 5890 Series 1I)
electron capture detector (**Ni). Flow rate through column
(CP-SIL 5CB; 30 0.25 mm i.d., X 0.25 p film thickness)
was 2 mL min~! and make up flow was 27 mL min~! hav-
ing injection volume 2 pL. Pretilachlor eluted at retention
time 5.19 min and butachlor at 7.96 min under these con-
ditions. GLC chromatogram of pretilachlor and butachlor
are presented in Fig. 2. Half-life (T, value was calculated
using first-order dissipation kinetics.

Fig.2 GC-ECD chromatogram of pretilachlor and butachlor

Results and Discussion

Half-life values (T,,,) for pretilachlor and butachlor under
different CO, level and moisture regime at 10.0 ug g~! are
presented in Table 1 and Fig. 3. From the first order dis-
sipation kinetics calculated half-life for pretilachlor under
ambient CO, condition was 28.5, 18.9, and 14.7 days
(Table 1; Fig. 3). Calculated half-life for butachlor under
ambient CO, condition were 59.4, 39.4 and 26.3 days
(Table 1; Fig. 3). Dissipation of pretilachlor and butachlor
in soil at different moisture regime at 398 + 10 umol mol ™!
CO, level has been presented in Fig. 4. Half-life values for
butachlor under ambient CO, condition were 52.2, 28.4
and 19.4 days (Table 1 and Fig. 3). Dissipation of preti-
lachlor and butachlor in soil at different moisture regime

70 A B Butachlor

B Petrilachlor

Fig.3 Half-life values of pretilachlor and butachlor under different
CO, level and moisture regimes at 10.0 pg g~! level

Table 1 Regression equation and half-life (T ,,) of pretilachlor and butachlor incubated under different CO, level and moisture regime

Treatment Pesticides Moisture Regression equation Y= R? value K values T, (days)
regime
Ambient (398 + 10 umol mol™!) Pretilachlor Dry —0.169x +1.042 0.975 0.0243 28.5
FC —0.047x+40.956 0.995 0.0366 18.9
SM —0.109x+0.949 0.994 0.0471 14.7
Butachlor Dry —0.083x+0.948 0.994 0.0116 59.4
FC —0.068 x+0.943 0.974 0.0175 394
SM —0.094 x +1.005 0.987 0.0263 26.3
Elevated CO, (450 + 10 umol mol ™) Pretilachlor Dry —0.080x+40.966 0.999 0.0292 23.7
FC —0.081x40.995 0.986 0.0501 13.7
SM —0.094 x+1.005 0.987 0.0647 10.7
Butachlor Dry —0.063 x40.980 0.981 0.0132 52.2
FC —0.093x+0.980 0.993 0.0244 28.4
SM —0.099%x+0.915 0.98 0.0357 19.4
Elevated CO, (550 10 umol mol ™) Pretilachlor Dry —0.063x40.954 0.998 0.0380 18.2
FC —0.0014x+0.981 0.986 0.0597 11.6
SM —0.0016x+0.982 0.981 0.0973 7.1
Butachlor Dry —0.0019%x+40.990 0.979 0.0155 44.5
FC -0.0012%x—-0.014 0.991 0.0426 16.2
SM —0.0011x-0.018 0.976 0.0582 11.8
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at 450+ 10 umol mol~!'CO, level has been presented in
Fig. 5. Calculated half-life for butachlor under ambient CO,
condition was 44.5, 16.2 and 11.8 days (Table 1; Fig. 3).
Dissipation of pretilachlor and butachlor in soil at differ-
ent moisture regime at 550+ 10 umol mol~! CO, level has
been presented in Fig. 6. Considering ambient condition
(398 + 10 umol mol ™) the pattern for degradation followed
BD <BFC <PD <BSM < PFC < PSM (where, PD = pre-
tilachlor in dry soil, PFC = pretilachlor in field capac-
ity, PSM = pretilachlor in submerged; BD =Butachlor in
dry soil, BFC =Butachlor in field capacity, BSM = Buta-
chlor in submerged soil). Considering elevated CO,
(450 + 10 umol mol~!) the pattern for degradation followed
BD <BFC < PD < BSM < PFC < PSM. Similarly, consid-
ering elevated CO, (550 + 10 umol mol~!) the pattern for
degradation follow BD < PD < BFC < BSM < PFC < PSM.
In case of pretilachlor, its persistency was longer under dry
ambient CO, level (T;,, 28.5) and lowest persistency was
observed in submerged elevated CO, (550 + 10 umol mol ™)
level (T, 7.1). Similarly, in case of butachlor, its persistency

Residues (pg/mL)

was longer under dry ambient CO, level (T, 59.4) and low-
est persistency was observed in submerged elevated CO,
(550 + 10 umol mol™") level (T,,, 11.8). Among all the
treatment combination, longer persistence was found under
ambient condition for pretilachlor in dry moisture regime
(T}, 59.4) and faster degradation was found under elevated
condition (550 + 10 umol mol~!) for pretilachlor in sub-
merged moisture regime (T,,, 7.1). Comparing the degra-
dation between both the herbicide, degradation was faster
in pretilachlor than butachlor though both of them are in
same chemical group. The half-life of pretilachlor in flood
water ranged from 3.0 to 3.6 days. Scarponi et al. (2003)
reported that half-life value of pretilachlor is 6 days in rice
soil. Adak et al. (2016) reported that an increased CO,
concentration led to increase in temperature (1.2—1.8°C)
that played a critical role in chlorpyriphos persistence. But
Manna et al. (2013) reported elevated CO, did not have
any significant effect on the persistence of azoxystrobin in
rice-planted soil. The herbicides viz., pretilachlor and buta-
chlor were found to persist longer under ambient condition

——PD —8—PFC —A—PSM —<—BD —%—BFC —e—BSM

40 60

Days after application

Fig.4 Dissipation of pretilachlor and butachlor in soil at different
moisture regime at 398+10 pmol mol~! CO, level at 10.0 pg g~
level. PD pretilachlor in dry soil, PFC pretilachlor in field capacity,

PSM pretilachlor in submerged; BD butachlor in dry soil, BFC buta-
chlor in field capacity, BSM butachlor in submerged soil
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(398 + 10 umol mol™!) followed by two elevated condition
(45010 and 550 + 10 umol mol ™). It is well established
that increased in CO, concentration led to increase in tem-
perature (1.2—1.8°C) that played a critical role in degrada-
tion. At elevated condition higher temperature may results
in increased thermolysis and causes volatilization losses
which hasten faster degradation of pretilachlor and buta-
chlor. Chatterjee et al. (2013) showed similar type of result
in metaflumizone degradation. On the other hand Mukher-
jee et al. (2016) reported that flubendiamide was found to
persist longer under outdoor condition than ambient and
elevated condition at 1 and 10 ug g~! fortification level. He
also reported that increased CO, levels and temperature fol-
lowing global warming adversely affect flubendiamide deg-
radation in soil. It seems that at elevated CO, level slightly
higher temperature maintained in chamber is responsible
for the faster pretilachlor and butachlor degradation. Con-
sidering moisture regimes, pretilachlor and butachlor were
found to persist longer under dry condition followed by field
capacity and submerged moisture regime. Slower dissipation
and hence longer persistence under dry condition could be
attributed to very negligible soil microbiological activity.
Besides soil under this study has very low organic carbon
content (0.31%) which disfavor soil microbes in the entire
three moisture regime. Slower dissipation in dry condition
due to lower microbial activity already been reported by
Mukherjee et al. (2012). They also reported that faster dis-
sipation under submerged conditions could be attributed to
partial anaerobic conditions (redox condition) and anaero-
bic microbes are more capable in degrading pesticides than
aerobic microbes. Similar results have been reported in
cyfluthrin which is dissipated readily under anaerobic soil
conditions. Also Kumar et al. (2017) reported that tricycla-
zole dissipated at a faster rate under elevated CO, condition
than under ambient CO, condition. Faster dissipation under
submerged moisture regime has also been reported for pen-
dimethalin. Khandelwal et al. (2014) have reported the same
for kresoxim-methyl and also reported that increase in the
CO, level from 300 to 660 g g~! slightly increases atrazine
loses (Figs. 7, 8).

15 ——40C —m—250C 400C

°
4 &
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T
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Residues (pg/mL)
< n
[ S E—
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Fig.7 Dissipation of pretilachlor in soil at different temperature at
10.0 pg g~ level
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Fig.8 Dissipation of butachlor in soil at different temperature at
10.0 pg g7 ! level

Regression equation and half-life of pretilachlor and buta-
chlor in soil under different temperature condition viz., 4,
25, and 40°C at field capacity moisture regime has been
presented in Table 2. Results revealed that residues dissi-
pated faster at higher temperature 40°C (98.4%) followed
by 25°C (93.6%) and 4°C (29.8%) after 60 days. The half-
life (T,,,) value for pretilachlor was 9.7, 16.2 and 87.6 at
40, 25, and 4°C, respectively. Faster dissipation of preti-
lachlor at high temperature could be due to the breakdown
of weak bond present in the molecule. The half-life (T,,,)
value for butachlor was 19.4, 36.7 and 182.4 at 40, 25, and
4°C, respectively. Significant effect observed at 25°C level
on dissipation of pretilachlor as compared to butachlor. The
faster degradation of these herbicides under 40°C could be
attributed to thermolysis process that breakdown the amide
linkage present in the molecules. The above findings were
in close conformity with the findings of several other work-
ers (Sultana et al. 2005; Chatterjee et al. 2013). Sondhia
and Dubey (2006) reported that butachlor degrade at faster
rate at 40°C at pH 7.0 and also rapidly lost by photo decom-
position and volatilization. Lower temperature delayed the
degradation process for both the pesticides. But at higher
temperature soil thermophilic microbes may be in active
form and may cause faster degradation. Higher temperature
enhanced degradation of various pesticides molecules has
been reported by Starner et al. (1999). Xinfeng and Hanwen
(2016) found that degradation rate of atrazine increased from
5% to 20% when treating soils at 25°C. Faster dissipation at
higher temperature has also been reported for endosulfan
(Kaur et al. 1998). Das et al. (2016) reported that flubendi-
amide dissipated faster at 40°C than 25°C and least at 4°C.
Thus increased temperature following global warming might
adversely affect the degradation of both the herbicides in
soil. The study indicating that elevated condition enhanced
degradation than ambient condition for both pretilachlor
and butachlor. In this experiment it is clear that butachlor
degraded slower than pretilachlor under all the treatment.
Persistency was higher under dry condition followed by field
capacity and submerged condition for all the three level of
CO,. Study also revealed that both pretilachlor and butachlor
dissipated faster at 40°C followed by 25 and 4°C.
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Table 2 Regression equation

. . Temperature  Pesticides Regression equation Y= R? value K values T, (days)
and half—h.fe of.pretllachl.or and °C)
butachlor in soil under different
temperature condition at field 4 Pretilachlor —0.0019x+0.980 0.991 0.0079 87.6
capacity moisture regimes Butachlor ~0.064x+0.970 0.984 0.0037 182.4
25 Pretilachlor —0.00199 x +1.004 0.972 0.0427 16.2
Butachlor —0.00186x+1.024 0.976 0.0188 36.7
40 Pretilachlor —0.0013x+0.982 0.985 0.0714 9.7
Butachlor —0.0024 x +1.004 0.987 0.0357 19.4
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