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Abstract An experiment was conducted in open-top
chambers (OTC) to study the effect of elevated CO2

(580±20 μmol mol−1) on azoxystrobin degradation
and soil microbial activities. Results indicated that
elevated CO2 did not have any significant effect on
the persistence of azoxystrobin in rice-planted soil.
The half-life values for the azoxystrobin in rice soils
were 20.3 days in control (rice grown at ambient CO2

outdoors), 19.3 days in rice grown under ambient CO2

atmosphere in OTC, and 17.5 days in rice grown
under elevated CO2 atmosphere in OTC. Azoxystro-
bin acid was recovered as the only metabolite of
azoxystrobin, but it did not accumulate in the soil/
water and was further metabolized. Elevated CO2

enhanced soil microbial biomass (MBC) and alkaline
phosphatase activity of soil. Compared with rice
grown at ambient CO2 (both outdoors and in OTC),
the soil MBC at elevated CO2 increased by twofold.
Elevated CO2 did not affect dehydrogenase, fluores-
cein diacetate, and acid phosphatase activity. Azoxy-
strobin application to soils, both ambient and elevated

CO2, inhibited alkaline phosphates activity, while no
effect was observed on other enzymes. Slight increase
(1.8–2 °C) in temperature inside OTC did not affect
microbial parameters, as similar activities were recorded
in rice grown outdoors and in OTC at ambient CO2.
Higher MBC in soil at elevated CO2 could be attributed
to increased carbon availability in the rhizosphere via
plant metabolism and root secretion; however, it did not
significantly increase azoxystrobin degradation, sug-
gesting that pesticide degradation was not the result of
soil MBC alone. Study suggested that increased CO2

levels following global warming might not adversely
affect azoxystrobin degradation. However, global
warming is a continuous and cumulative process, there-
fore, long-term studies are necessary to get more realis-
tic assessment of global warming on fate of pesticide.
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Introduction

Global warming is projected to have significant
impact on conditions affecting agriculture, including
temperature and precipitation. During the last
12 years, the average rate of increase of CO2 has
been 1.9 μL L−1 years−1 (Krull et al. 2005) and the
Intergovernmental Panel on Climate Change (IPCC)
has projected that, by 2050, the respective ranges
for atmospheric carbon dioxide concentration will
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be 463–623 ppm (McCarthy et al. 2001). Accord-
ingly, a consequence of this rise in CO2, a rise in
earth’s average temperature from 2.0 °C to 4.5 °C
(IPCC 2007) is predicted.

Plant protection has become a key component of
modern intensive agriculture where high-yielding crop
varieties are highly susceptible to disease and pest
attack. Fate of xenobiotics has become crucial in de-
fining the quality of our environment. Due to global
warming, the change in soil microbial population and
increase in temperature may have effects of the fate of
plant protection chemicals that are applied to the soil
or ultimately end up in the soil when foliar-sprayed.

Not much literature is available on the effect of
climate change on pesticide fate. Reports based on
modeling of the available data suggested that increase
in temperature over last few decades has resulted in
decrease in pesticides persistence (Williams et al.
1992; Bailey 2003; Bloomfield et al. 2006). Bailey
(2003) estimated the change in persistence of autumn-
applied isoproturon using real weather data for the
period 1980–2001. The results suggested approxi-
mately 25 % decrease in the duration of weed control
in the last 5 years and attributed this decline to increase
in soil temperature.

Azoxystrobin [methyl (E)-2-{2-(6-(2-cyanophenoxy)
pyrimidin-4-yloxy) phenyl}-3-methoxyacrylate] (Fig. 1),
a strobilurin fungicide, is a broad-spectrum, systemic, and
soil-applied fungicide. Azoxystrobin is moderately per-
sistent in the soils with half-life of 54–135 days in aerobic
soils and 36–45 days in anaerobic soils (Joseph 2000;
Ghosh and Singh 2009; Singh and Singh 2010). Not
much literature is available on effect of azoxystrobin
on soil microbial activity. Bending et al. (2007)
reported that azoxystrobin did not affect the microbial
biomass in soils; however, fungicide significantly re-
duced dehydrogenase activity to varying extents in the
low organic matter (OM)/biomass soil. However,
Adetutu et al. (2008) suggested that azoxystrobin in-
creased fungal diversity under light incubation while
dark incubation reduced fungal diversity and bacterial
diversity was unaffected.

Soil microorganisms and soil enzymes play impor-
tant roles in the soil fertility and are the indicators of soil
quality. Drigo et al. (2008), who reviewed the effect of
elevated CO2 on soil microbial parameters and activities
in rhizosphere of upland crops, showed mixed response
on microbial biomass (MBC); some suggested increase
in MBC (de Graff 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). How-
ever, studies on the effect of elevated CO2 in rice crop
have suggested that MBC was significantly higher in
rice grown in elevated CO2 environment than in the rice
maintained at ambient CO2 (Hoque et al. 2001; Inubushi
et al. 2001, 2011). Soil enzyme activities are “sensors”
of soil microbial functioning and soil physicochemical
conditions. The impact of elevated CO2 on soil enzyme
activities is not much studied, and available information
suggests that specific enzyme activities are directly and/
or indirectly affected by elevated CO2 (Kang et al. 2005,
Henry et al. 2005; Das et al. 2011).

Absolutely no real-time study is available on the
fate of pesticides under elevated CO2 atmosphere.
Rice is an important C3 crop, and azoxystrobin is
recommended in rice cultivation for the control of
sheath blight and powdery mildew diseases. There-
fore, this paper reports the effect of elevated atmospheric
CO2 (580±20 μmol mol−1) on the degradation of azox-
ystrobin in rice-planted (Oryza sativa L.) soil during
kharif season of 2010 in open-top chambers (OTCs) under
Indian tropical environment. Effect of elevated atmospher-
ic CO2 and azoxystrobin on microbial activities, viz.,
MBC, dehydrogenase, fluorescein diacetate (FDA), and
acid and alkaline phosphatase, was also studied.

Materials and methods

Soil

A sandy loam soil used in the present study was
collected from the experimental farm of the Indian
Agricultural Research Institute, New Delhi. Soil was

O
CH3O

OO

CH3O

N N

CN

Azoxystrobin 

O
CH3O

OO

HO

N N

CN

Azoxystrobin acid 

Fig. 1 Chemical structure
of azoxystrobin and azoxy-
strobin acid
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collected from the surface at 0–15 cm depth and
was used for filling pots without drying. Physico-
chemical characteristics of the soil determined by
standard methods were pH 7.9 measured at 1:2.5
soil-to-water ratio (Jackson 1967); organic carbon,
0.3, by Walkley and Black method (Jackson 1967);
and mechanical fractions (%) sand, 54.4; silt, 23.3;
and clay, 22.3 employing the Bouyoucos hygrometer
method (Black 1965).

Chemicals

An analytical grade azoxystrobin (96.2 % purity) was
supplied by the Rallis India Ltd. The solvents and
other reagents used were of analytical grade and were
purchased locally from Merck Specialties Private Ltd,
Mumbai, India.

Experimental setup

The present study was carried out in the OTCs of size
1.8 and 1.6 m located in the experimental farm of the
Indian Agricultural Research Institute, New Delhi, as
described by Pal et al. (2004). To maintain elevated
levels of CO2 in OTC at 580±20 ppm at crop canopy
level, continuous injection of pure CO2 into OTC was
carried out where it was mixed with air from air
compressor before entering into the chamber. The air
sample from the middle of the chamber was drawn
periodically into a CO2 sensor (NDIR, make Topak,
USA), and the set level of CO2 was maintained with
the help of solenoid valves, Program Logic Control,
and Supervisory Control and Data Acquisition
(SCADA) winlog software (Make SELCO Italy). Car-
bon dioxide data logging, control, and operation were
performed using a computer through DOIP (digital
input and output module) on a real-time basis.

Five-week-old rice seedlings (var Pusa 44) were
transplanted in plastic pots (20×20 cm) having
3.75 kg of farm soil (20 % moisture content). Three
seedlings were planted in each pot, and a total of 90
pots were maintained. Pots were divided into three
groups of 30 pots each. After 2 weeks, when the plant
established well, pots of one set were transferred to
OTC having elevated CO2 concentration (580±
20 ppm), one set to OTC at ambient CO2 concentra-
tion (~390 ppm) while third set was kept in the open.
After 23 days of shifting the plant in OTC, azoxystro-
bin was applied to each pot at recommended dose

(375 g a.i.ha−1) that corresponded to 0.86 mg per
pot. Acetone solution (0.5 mL) of azoxystrobin was
mixed with 500 mL water, and water was directly
applied to the individual pot by drenching the soil.
Among each set, 15 pots were treated with azox-
ystrobin while 15 pots were maintained as untreated
control. Pots were maintained under flooded condi-
tions, and water lost was supplemented daily. Top
dressing of nitrogenous fertilizers was done by ap-
plying urea at 2 g per pot. Pots were removed at
regular intervals for extraction of azoxystrobin res-
idues. The meteorological observatory of the Indian
Agricultural Research Institute, New Delhi, recorded
the weather parameters.

Azoxystrobin extraction and analysis

At each sampling day, three azoxystrobin-treated and
three untreated pots were removed from each group.
Water was decanted from each pot and kept separately
for azoxystrobin extraction and analysis. The rice
plants were uprooted, soil separated from the roots,
and then thoroughly mixed before taking sample for
fungicide extraction.

Azoxystrobin from soil and water samples was
extracted according to the method described by
Ghosh and Singh (2009). Fifty grams soil (oven
dry basis) or water sample (50 mL) was extracted
using ethyl acetate (50+30+20 mL); ethyl acetate
fraction from three extractions was pooled, dried
over anhydrous Na2SO4, and evaporated to dryness
at room temperature. The azoxystrobin residues
were redissolved in 10 mL of acetone and were
quantified for azoxystrobin using gas chromatogra-
phy (Hewlett Packard, Model 5890) equipped with
a Ni63 electron capture detector and fitted with HP-
1 column [10 m (l)×0.50 mm (i.d.)×2.53 μm film
thickness]. The operating conditions were oven temper-
ature, 270 °C; injector temperature, 300 °C; detector
temperature, 300 °C; carrier gas (nitrogen) flow rate,
45 mL min−1. Recovery of azoxystrobin from soil and
water at 0.1 and 1 μg mL−1 levels was 88.6 % and
89.5 %, respectively (soil) and 90.3 % and 91.2 %,
respectively (water). The limit of detection for azoxy-
strobin was 0.05 μg mL−1.

Samples (soil and water extracts) were analyzed for
azoxystrobin metabolites using Hewlett Packard high-
performance liquid chromatography (HPLC) as de-
scribed by Ghosh and Singh (2009).
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Microbial activity

MBC and enzymes were estimated in the soil samples at
each sampling day. MBC was estimated by chloroform
fumigation extraction method (Vance et al. 1987). Dehy-
drogenase activity was estimated by monitoring the rate
of production of triphenyl formazan (TPF) from triphenyl
tetrazolium chloride (Casida et al. 1964). The FDA hy-
drolysis assay was carried out following the method of
Green et al. (2006). The alkaline and acid phosphatase
activities of soil were determined by following methods
described by Tabatabai and Bremner (1969).

Results and discussion

Azoxystrobin degradation

Figure 2 represents the azoxystrobin recovered from the
rice-planted soil under different conditions, viz., control
(ambient CO2 outdoors), ambient CO2 in OTC, and
elevated CO2 in OTC. Results indicated that azoxystro-
bin persisted till the 50th day in soils of all the three
treatments. There was not much difference in the
amounts of azoxystrobin recovered from the rice-
planted soils incubated under different conditions. At
50th day, 13 % of initially applied azoxystrobin was
recovered from the soil maintained under elevated
CO2, while the amount recovered from the treatments
under ambient CO2 in OTC and outdoors were 16 %
and 19 %, respectively. No azoxystrobin was recovered

from the standing water samples after tenth day, and
amounts recovered on tenth day were very low (0.3 %
to 0.9 % of the initially applied azoxystrobin), suggest-
ing that fungicide was fairly sorbed in the soils.

Dissipation data from all of three treatments fitted
well to the first-order kinetic equation—log(C/Co)0
−Kobst, where, Co is the initial concentration of azox-
ystrobin (in milligrams per kilogram), C is its concen-
tration (in milligrams per kilogram) after time t (days),
and Kobs is the rate constant of the dissipation. The
half-life (t1/2) values for azoxystrobin were calculated
using following:

t1=2 ¼ 0:693=Kobs � 2:303

The half-life values for the azoxystrobin in the dif-
ferent treatments were 20.3 days in rice grown outdoors,
19.3 days in rice grown in OTC under ambient CO2, and
17.5 days in rice grown in OTC under elevated CO2

(Table 1). These results suggested that azoxystrobin
dissipated at slightly faster rate in rice grown under
elevated CO2 atmosphere than in rice grown under
ambient CO2 atmosphere, both in OTC and outdoors,
but this difference was not statistically significant.

Half-life values of azoxystrobin in rice soils ob-
served in this study are similar to the results earlier
reported by Joseph (1999) who recorded a half-life of
14 days for azoxystrobin under field conditions. How-
ever, Gajbhiye et al. (2011) reported a much shorter
half-life of 7.5, 7.9, and 8.1 days for azoxystrobin in
grape field soils of Karnataka, Maharashtra, and Tamil
Nadu, respectively.

Ethyl acetate extracts from soil and water samples
were analyzed for the formation of azoxystrobin me-
tabolite using HPLC. HPLC chromatograms showed a
peak other than the azoxystrobin at retention time of
2.57 min (Fig. 3). The figures given in Table 2 for

Table 1 Half-life of azoxystrobin in rice-planted soils incubat-
ed under different conditions

Parameter Control
(outdoors)

Ambient CO2

in open-top
chamber

Elevated CO2

in open-top
chamber

Dissipation
constant
(Kobsday

−1)

0.0141 0.0156 0.0176

t1/2 (days) 20.3 19.3 17.5

R (correlation
coefficient)

0.980 0.967 0.967
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azoxystrobin metabolite are the detector response
(millivolts) for the metabolite. Metabolite was
detected both in the soil and water samples, but
not much difference was observed in the amounts
formed in soil/water samples obtained from differ-
ent treatments. Also, the amounts formed at differ-
ent time intervals were nearly the same, suggesting
that metabolite did not accumulate in soil/
water and was further metabolized. HPLC-mass
spectrometry analysis of leachate and soil samples
indicated that this extra peak in HPLC chromato-
gram corresponds to a molecular ion peak at m/z
389 (M+) with base ion peak at m/z 344 (M+–
COOH) and fragment ion peaks at m/z 372 (M+–
OH); m/z 329 (M+–COOH, CH3); m/z 229 (MH2

+–
C6H4CN, –COOH, CH3) and m/z 102 (C6H4CN

+).
The metabolite was tentatively characterized as
azoxystrobin acid, which is formed by the hydrolysis
of the ester moiety. These results are in line with the
results obtained by previous workers, which suggested
that azoxystrobin acid was recovered as the major me-
tabolite of azoxystrobin degradation (Ghosh and Singh
2009; Singh and Singh 2010).

Effect on microbial parameters

Table 3 represents theMBC in rice soils incubated under
different environments. Results clearly indicated that
MBC of soil samples incubated at elevated CO2 levels,
both azoxystrobin-untreated and azoxystrobin-treated,
was higher than the respective treatments maintained at
ambient CO2, both outdoors and in OTC. Nearly two

Fig. 3 High-performance
liquid chromatography
(HPLC) chromatograms of a
standard azoxystrobin, b
30th day soil sample, and c
30th day water samples

Table 2 Azoxystrobin acid recovered from the soil and water
samples during degradation of azoxystrobin in rice-planted soils

Days Azoxystrobin acid (detector response, mV)

Control
(outdoors)

Ambient CO2

in OTC
Elevated CO2

in OTC

Soil Water Soil Water Soil Water

10 400.2 208.1 400.2 440.2 424.2 276.1

20 400.1 307.5 624.3 580.3 400.2 288.1

30 464.2 360.2 432.2 332.2 408.2 308.2

40 552.3 728.4 744.3 416.2 488.2 452.2

50 648.3 208.1 432.2 392.2 704.4 380.2
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times increase in the soil MBC was observed in rice soil
incubated at higher CO2 levels than both the controls.
This increase could be attributed to more soil exudates in
rice grown under elevated CO2 environment (Hill et al.
2007). There was no significant change in the MBC at
different days of incubation. Earlier studies on effect of
elevated CO2 in rice crop have suggested that microbial
biomass carbon in rice grown in elevated CO2 environ-
ment was significantly higher than rice soil maintained at
ambient CO2 (Hoque et al. 2001; Inubushi et al. 2001,
2011), and effect was cultivar-specific (Inubushi et al.
2001). However, Li et al. (2004) suggested that effect of
elevated CO2 on soil biomass carbon was dependent on
applied nitrogen (N). Elevated CO2 significantly in-
creased microbial biomass carbon in the surface soil
when N (90 kg ha−1) was in sufficient supply. Low N
supplement (30 kg ha−1) limited the enhancement of root
growth by elevated CO2, leading to diminished response
of soil microbial biomass carbon to CO2 enrichment.

Azoxystrobin did not affect the MBC in any of the
three treatments, and nearly the same amount of biomass
carbon was observed in rice soils incubated without and
with azoxystrobin, both under ambient and elevated
CO2. Thus, when azoxystrobin is used at recommended
dose, it did not affect MBC. These results are in line with
the findings of Bending et al. (2006), who studied the
effect of azoxystrobin in two soils varying in organic
matter contents. However, Adetutu et al. (2008) sug-
gested that azoxystrobin had some effect on fungal com-
munities after 21 days (up to 84 days) of incubation in
either light or dark soil microcosms. Light incubation

increased fungal diversity while dark incubation reduced
fungal diversity. Bacterial diversity was unaffected.

The dehydrogenase activity of the rice soils main-
tained under different CO2 environment is represented
in Table 4. There was no difference in the dehydroge-
nase activity of soil maintained at ambient or elevated
CO2, both azoxystrobin-untreated and azoxystrobin-
treated, and values ranged between 1.71 and 2.13 μg
TPF released g−1 of soil day−1. Thus, both elevated CO2

and azoxystrobin, alone or in combination, had no effect
on the soil dehydrogenase activity. Earlier, Inubushi et
al. (2010) studied dehydrogenase activity in rice soils
that was earlier subjected at ambient and elevated CO2

and temperature (2 °C) and reported that there was no
significant difference in the dehydrogenase activity of
these soils. However, in a laboratory incubation study,
Das et al. (2011) reported that dehydrogenase activity in
four rice soils incubated at elevated CO2 concentrations
significantly increased, and the increase was CO2

concentration-dependent with maximum increase ob-
served at 600 μmol mol−1 CO2. Bending et al. (2007)
reported that azoxystrobin application to soil had mixed
effect on the dehydrogenase activity, and effect was
dependent on the OM/microbial biomass status of the
soils. Azoxystrobin inhibited dehydrogenase activity in
low OM/biomass (biomass, 139.4 mg Ckg−1 dw soil)
soil while no effect was observed in high OM/biomass
soil (biomass, 622.6 mg Ckg−1 dw soil). In our study, at
the time of azoxystrobin application, the biomass carbon
of the soil was more than 560.4 μg Cg−1 soil. Probably,
this might be the reason that we did not observe any

Table 3 Effect of elevated CO2 and azoxystrobin on microbial biomass in rice soil

Period (days) Microbial biomass carbon (μg carbon released g−1 of oven-dry soil)

Ambient CO2 (outdoors) Ambient CO2 in OTC Elevated CO2 in OTC

Untreated* Treated** Untreated Treated Untreated Treated

0 560.4±16.8*** 580.9±8.9 590.6±15.8 597.6±12.8 1058.8±22.0 1143.6±13.5

10 539.0±12.8 561.0±18.4 527.8±22.7 606.3±20.6 1158.0±14.1 1252.5±20.3

20 503.9±16.3 544.8±16.2 526.0±12.3 618.0±19.1 1129.1±19.4 1213.7±19.3

30 539.6±16.8 597.2±14.3 597.5±25.2 634.6±12.8 1194.9±17.9 1212.0+85.3

40 560.0±36.8 526.9±14.2 612.3±1.2 630.4±7.2 1114.3±10.6 1238.4±38.3

50 553.0±27.4 586.3±2.3 656.5±9.4 585.8±40.3 1217.9±22.2 1246.3±8.9

* Azoxystrobin-untreated soil
** Azoxystrobin-treated soil
*** Standard deviation
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effect on dehydrogenase activity following azoxystrobin
application.

Like dehydrogenase activity, no effect of elevated
CO2 and azoxystrobin or combination was observed
on FDA activity in rice soils (Table 5). However, Das
et al. (2011) reported that FDA activity increased
significantly following CO2 enrichment with mean
increase of 41.9 % in the four soil types used in the
study.

Phosphatases are involved in transformation of or-
ganic and inorganic phosphorous compounds in soil,
and these activities are important factors in maintaining
and controlling the rate of P cycling through soils.

Phosphatase activity, both acidic and alkaline, of the
soils in different treatments is shown in Table 6. Results
suggested that alkaline phosphatase activity of the soils
was more than the acidic phosphatase activity, as soil
used in this study was slightly alkaline in nature (Das et
al. 2011). Elevated CO2 had no effect on acidic phos-
phatase activity, and values ranged between 6.42 and
9.06 μg PNP released g−1 of soil h−1 in rice soil incu-
bated under elevated and ambient CO2. However, there
was a slight increase in the alkaline phosphatase activity
in rice soil maintained at elevated CO2. Azoxystrobin
did not affect the acidic phosphatase activity, but alka-
line phosphatase activity was slightly inhibited, and

Table 5 Effect of elevated CO2 and azoxystrobin on fluorescein diacetate (FDA) activity in rice soil

Period (days) FDA activity (μg fluorescein released g−1 soil h−1)

Ambient CO2 (outdoors) Ambient CO2 in OTC Elevated CO2 in OTC

Untreated* Treated** Untreated Treated Untreated Treated

0 0.29±0.01*** 0.28±0.01 0.28±0.01 0.26±0.01 0.28±0.04 0.28±0.01

10 0.33±0.01 0.32±0.02 0.31±0.02 0.34±0.01 0.30±0.01 0.26±0.02

20 0.30±0.01 0.30±0.01 0.41±0.04 0.38±0.01 0.34±0.01 0.29±0.01

30 0.35±0.03 0.31±0.01 0.43±0.02 0.34±0.02 0.28±0.01 0.28±0.04

40 0.40±0.01 0.37±0.01 0.37±0.01 0.35±0.01 0.34±0.03 0.35±0.01

50 0.43±0.02 0.40±0.01 0.42±0.01 0.43±0.01 0.34±0.01 0.39±0.01

* Azoxystrobin-untreated soil
** Azoxystrobin-treated soil
*** Standard deviation

Table 4 Effect of elevated CO2 and azoxystrobin on dehydrogenase activity in rice soil

Period (days) Dehydrogenase activity (μg TPF released g−1 of soil day−1)

Ambient CO2 (outdoors) Ambient CO2 in OTC Elevated CO2 in OTC

Untreated* Treated** Untreated Treated Untreated Treated

0 1.72±0.08*** 1.85±0.05 1.83±0.05 1.92±0.04 1.93±0.08 1.95±0.85

10 1.97±0.03 1.26±0.15 1.96±0.18 1.92±0.11 1.97±0.32 1.91±0.16

20 2.10±0.04 2.04±0.18 2.05±0.11 1.89±0.11 1.84±0.09 2.00±0.18

30 1.83±0.06 1.64±0.07 2.05±0.03 2.18±0.02 1.85±0.13 2.04±0.14

40 2.00±0.31 1.61±0.01 1.96±0.38 2.07±0.07 1.99±0.17 2.04±0.09

50 2.05±0.02 2.07±0.02 2.13±0.02 2.09±0.10 1.91±0.15 1.92±0.05

* Azoxystrobin-untreated soil
** Azoxystrobin-treated soil
*** Standard deviation
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effect was visible till 40th day. Earlier studies suggested
increased phosphatase activity in soils under elevated
CO2 (Kang et al. 2005; Das et al. 2011).

Temperature inside the OTC was nearly 2 °C higher
than the outside temperature. Results indicated that the
the higher temperature in OTC did not affect the soil
biomass carbon and enzyme activity, as nearly similar
results were obtained for various microbial parameters
studied in rice grown outdoors and rice grown in OTC
maintained at ambient CO2. Probably, temperature
was not high enough to affect the soil microbial activ-
ities as Das et al. (2011) reported that significant
change in soil microbial parameters was observed
when temperature was increased by 10 °C.

Hypothesis before starting this experiment was that
elevated CO2 inside the OTC will result in the increase
in photosynthesis in rice, and this will result in better
shoot/root growth and higher soil microbial activity
than the rice grown at ambient CO2. Also, higher
temperature in OTC may result in increased volatili-
zation losses and faster azoxystrobin degradation in
soil. Thus, combination of both parameters (higher
temperature and higher microbial activity) may result
in faster degradation of azoxystrobin in rice grown
under elevated CO2 environment. However, results
of this study suggested that increase in the atmospher-
ic temperature in OTC did not have a significant effect
on the persistence of azoxystrobin. Earlier, there was
no real-time study available on the degradation of
pesticides under elevated CO2 atmosphere or higher
atmospheric temperature environment. The studies
conducted so far on the effect of climate change on
pesticide persistence/degradation are the modeling
studies performed using data available over the last
few decades. It is estimated that climate change would
accelerate pesticide degradation due to increase in the
temperature (Bailey 2003; Bloomfield et al. 2006;
Boxall et al. 2009).

During the study, the rice plants were exposed to
the elevated CO2 atmosphere for total of 73 days,
which included 23 days of exposure before application
of azoxystrobin and 50 days during the study after
azoxystrobin application. Photosynthesis in plants is
dependent on light, thus average sunshine hours per
day will significantly affect the photosynthesis in
plants. It was observed that, during initial 23 days of
elevated CO2 exposure (before azoxystrobin applica-
tion), there were more number of cloudy days and on
an average crop was exposed to only 2 h of brightT

ab
le

6
E
ff
ec
t
of

el
ev
at
ed

C
O
2
an
d
az
ox

ys
tr
ob

in
on

ph
os
ph

at
as
e
ac
tiv

ity
in

ri
ce

so
il

P
er
io
d
(d
ay
s)

P
ho

sp
ha
ta
se

ac
tiv

ity
(μ
g
P
N
P
re
le
as
ed

g−
1
of

so
il
h−

1
)

A
m
bi
en
t
C
O
2
(o
ut
do

or
s)

A
m
bi
en
t
C
O
2
in

O
T
C

E
le
va
te
d
C
O
2
in

O
T
C

A
ci
d
ph

os
ph

at
as
e

A
lk
al
in
e
ph

os
ph

at
as
e

A
ci
d
ph

os
ph

at
as
e

A
lk
al
in
e
ph

os
ph

at
as
e

A
ci
d
ph

os
ph

at
as
e

A
lk
al
in
e
ph

os
ph

at
as
e

U
nt
re
at
ed

*
T
re
at
ed

*
*

U
nt
re
at
ed

T
re
at
ed

U
nt
re
at
ed

T
re
at
ed

U
nt
re
at
ed

T
re
at
ed

U
nt
re
at
ed

T
re
at
ed

U
nt
re
at
ed

T
re
at
ed

0
6.
59

±
0.
09

**
*

6.
64

±
0.
49

18
.9
5
±
0.
15

18
.9
0
±
0.
18

5.
98

±
0.
08

6.
86

±
0.
11

19
.7
1
±
0.
12

18
.7
1
±
0.
78

6.
52

±
0.
20

6.
57

±
0.
55

23
.6
2
±
0.
16

23
.6
8
±
0.
24

10
6.
42

±
0.
06

7.
77

±
0.
18

19
.1
9
±
0.
11

17
.9
9
±
0.
21

7.
21

±
0.
53

6.
62

±
0.
33

18
.1
3
±
0.
49

16
.7
8
±
0.
19

5.
94

±
0.
29

6.
67

±
0.
24

24
.1
3
±
0.
49

20
.4
8
±
0.
55

20
7.
31

±
0.
66

6.
96

±
0.
07

19
.0
6
±
0.
15

17
.6
2
±
0.
56

7.
28

±
0.
56

7.
06

±
0.
29

19
.6
5
±
0.
09

16
.7
2
±
0.
01

6.
58

±
0.
41

6.
75

±
0.
34

25
.6
5
±
0.
09

20
.2
7
±
0.
25

30
8.
46

±
0.
17

8.
90

±
0.
08

19
.7
6
±
0.
17

16
.5
6
±
0.
61

7.
43

±
0.
32

7.
80

±
0.
75

18
.4
6
±
0.
76

16
.5
2
±
0.
87

6.
22

±
0.
17

6.
43

±
0.
49

23
.4
8
±
0.
76

19
.6
1
±
0.
38

40
8.
08

±
0.
56

8.
32

±
0.
49

18
.5
9
±
0.
09

17
.1
5
±
0.
62

8.
34

±
0.
62

8.
44

±
0.
42

19
.5
9
±
0.
25

17
.5
2
±
0.
85

7.
85

±
0.
92

7.
98

±
0.
29

24
.6
1
±
0.
25

20
.3
2
±
1.
25

50
8.
48

±
0.
85

8.
82

±
0.
09

18
.5
5
±
0.
14

18
.2
5
±
0.
67

9.
06

±
0.
05

8.
52

±
0.
55

20
.7
3
±
0.
71

19
.4
8
±
0.
87

8.
19

±
0.
11

8.
39

±
0.
55

23
.7
7
±
0.
71

22
.3
6
±
0.
54

*
A
zo
xy

st
ro
bi
n-
un

tr
ea
te
d
so
il

*
*
A
zo
xy

st
ro
bi
n-
tr
ea
te
d
so
il

*
*
*
S
ta
nd

ar
d
de
vi
at
io
n

2958 Environ Monit Assess (2013) 185:2951–2960



sunshine per day. However, during 50 days of
azoxystrobin persistence study, average sunshine
hours were more than six. During cloudy weather
conditions, the plant did not make much use of the
excess CO2 provided to them due to limited sun-
shine. We observed no visible change in plant
growth parameters like root growth and shoot
growth in rice plants grown under different envi-
ronment. Probably due to more cloudy days during
the experiment, there may not be much difference
in the photosynthesis in rice grown under elevated
and ambient CO2 atmospheres. Although MBC of
soil maintained at elevated CO2 was nearly twice
of MBC of control soils, it did not lead to signif-
icant increase in azoxystrobin degradation. Pesticide
degradation is not the only direct factor of soil MBC
as all soil microbes do not participate in pesticide
degradation. Soil enzymes also play a significant
effect on the pesticide degradation and may con-
tribute towards pesticide degradation.

This short duration study on the effect of ele-
vated CO2 on degradation of azoxystrobin in rice
soils suggested no significant effect of elevated
CO2 on azoxystrobin degradation. Elevated CO2

increased microbial biomass carbon and alkaline
phosphate activities. However, it is not advisable
to draw a conclusion based on one season data, as
climate change is a continuous process. Therefore,
a long-term study under varying levels of CO2 is
suggested to get the real effect of climate change
on pesticide degradation.
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