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Abstract Ashes produced during on-farm burning of crop
residues are mixed in soil before sowing next crop and stud-
ies suggest that they can enhance adsorption of pesticides
in soil. Enhanced adsorption of pesticides in soil can reduce
their availability for degradation and pest/weed control.
Therefore, present study evaluated effect of sugarcane trash
ash (STA) on degradation of atrazine (used to control annual
grasses and many broad-leaved weeds) and fipronil (used
for control of early shoot borer and termites) in three sug-
arcane growing soils and bioavailability of atrazine. Three
sugarcane-growing soils (silty clay loam, sandy clay loam
and loam) were used to study effect of 0.1 and 0.2% STA
on atrazine and fipronil degradation in laboratory incubated
soils. Field study for effect of STA on atrazine degrada-
tion was performed in silty clay loam soil. Effect of STA
on atrazine bioavailability was assayed using its effect on
mustard seed germination. Pesticides and their metabolites
were quantified using high-performance liquid chromatog-
raphy (HPLC)/ gas—liquid chromatography (GLC)/ liquid
chromatography-mass spectroscopy (LC-MS/MS). Under
laboratory condition 0.2% STA doubled atrazine half-life
(t,p) in sandy clay loam, increased ¢,,, by 40% in silty clay
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loam, while no significant effect was observed in loam soil.
The STA did not affect fipronil degradation in all three soils.
Metabolites, hydroxyatrazine and deethylatrazine (atrazine)
and sulfide, sulfone, amide and desulfinyl (fipronil) were
detected in soil samples; but their spectrum and quantities
varied with the soil type. The ¢,,, of atrazine under field
condition was 3.61, 2.73 and 2.86 days in control, 0.1% and
0.2% STA-mixed silty clay loam, respectively. The STA
reduced atrazine availability suggesting that higher amount
of herbicide will be needs for the desired effect in STA-
mixed soils. This study has relevance in assessing fate and
bioavailability of atrazine and fipronil in sugarcane soils
where trash is burnt year after year and mixed in soils. The
STA mixing might have cumulative effect due to regular
burning of trash.

Keywords Pesticide - Ash - Soil types - Degradation -
Bioavailability

Introduction

On-farm burning of residue left after crop harvest by farmers
is convenient, cost effective and less labor-intensive way to
get rid of huge quantities of waste biomass (Jain et al. 2014;
Franca et al. 2012). Pre-harvest and post-harvest burning
of sugarcane or trash is commonly practice world wise in
sugarcane-growing countries. Pre-harvest burning is done
to make manual harvest easier and problem is more serious
in Brazil that is the world’s largest producer of sugarcane.
Post-harvest burning of trash is prevalent in India and sug-
arcane is third most important crop, after rice and wheat,
whose residues are burnt in fields. State of Uttar Pradesh is
the greatest contributor to burning of sugarcane trash fol-
lowed by Karnataka (Jain et al. 2014). Post-harvest burning
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is done as trash resists biodegradation, is highly indigestible
as fodder, voluminous in nature and difficult to transport.
Although, mulching of chopped trash is advised to avoid
burning in field as burning results in loss of soil organic mat-
ter, nutrients in the trash and causes environmental pollution.

The ashes produced are alkaline in nature and may change
physico-chemical properties of soils. Reports suggest that
ashes decrease soil bulk density and increase soil porosity
and water holding capacity (Pandey and Singh 2010). Addi-
tionally, ashes, due to presence of alkaline metal oxide, can
have agronomic benefits like regulation of pH of acidic soils
and better soil nutrient status which resulted in better plant
growth due to increased availability of nutrients (Trivedi
et al. 2016; Basu et al. 2009). Further, ashes contain fair
quantities of highly porous and have high surface area carbon
residues; therefore, exhibited significant potential to adsorb
pesticides (Yadav and Singh 2020; Kumar et al. 2019a, b;
Deokar et al. 2016a, b, ¢). Thus, ash mixing in soils affected
adsorption, leaching and degradation of pesticide applied
for pest control (Kumar and Singh 2020a; Singh et al. 2013;
Hillier et al. 2009, 2013; Sheng et al. 2005; Yang and Sheng
2003). This is attributed to reduce availability of pesticide
in soil solution due to higher retention of pesticides in ash-
mixed soils (Yadav and Singh 2021; Kumar et al. 2019a, b;
Zhang et al. 2005). Zhang et al. (2005) reported that wheat
residue chars enhanced initial degradation of benzonitrile
and attributed it to higher cell density in the presence of the
char nutrients; however, degradation slowed down in second
phase due to adsorptive inhibition. Few reports suggested
substantial reduction in diuron and MCPA degradation in
presence of ash (Hiller et al. 2009; Yang et al. 2006). Loga-
nathan et al. (2009) reported inhibition in atrazine degra-
dation by Pseudomonas sp., where *CO, production was
reduced by 11% in the char-mixed soil. Ash amendments
resulted in lesser leaching of alachlor (Giori et al. 2014),
sulfosulfuron and pretilachlor (Kumar and Singh 2020b).
However, all these studies were performed at very high ash
levels that are not realistic in field condition.

Atrazine and fipronil are commonly used pesticides in
sugarcane cultivation in India. Atrazine is a selective, sys-
temic, pre- and post-emergent herbicide used to control
annual grasses and many broad-leaved weeds in sugarcane
(Turner 2015). Fipronil is a broad-spectrum insecticide of
phenylpyrazole group and is used for control of early shoot
borer and termites in sugarcane. Burning sugarcane trash in
fields generates a significant amount of sugarcane trash ash
(STA) that is mixed in the soils. Recently, authors reported
that STA (0.1 and 0.2%) enhanced adsorption of both pes-
ticides in three sugarcane-growing soils; although effect
varied with soil type and STA content (Yadav and Singh
2021). The Freundlich adsorption coefficient (K;) values
were increased by 135-395% for fipronil and 143-241% for
atrazine. Thus, higher adsorption of pesticide in STA-mixed
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soils will reduce its concentration in soil solution that is
available for degradation and biological action. Less avail-
ability of pesticide in soil solution will reduce it degradation
by microbial community and will increase the persistence of
pesticide. However, ashes are reported to increase soil pH
and it has been reported to change soil microbial population
and community composition (Bang-Andreasen et al. 2017);
thus, can increase degradation of pesticides, especially atra-
zine, which is prone to microbial degradation (Govantes
et al. 2009). Further, ashes can enhance surface catalyzed
chemical degradation of pesticides, therefore, might result
in faster degradation of pesticides in ash-mixed soils (Kumar
et al. 2019a, b). However, no information is available on
the effect of STA on degradation behaviour of atrazine and
fipronil in Indian soils, where sugarcane residues are mainly
burnt on fields. Therefore, the present study reports the
effect of STA on degradation and bioavailability of atrazine
and fipronil in three sugarcane soils of Northern India.

Materials and Methods
Chemicals

Analytical grade atrazine (98.9%) and fipronil (97.5%) were
purchased from Sigma-Aldrich, India while metabolites,
deethylatrazine, deisopropylatrazine and hydroxyatrazine
were obtained from Fluka Analytics, Australia. Fipronil
metabolites sulfone, sulfide, amide and desulfinyl were
synthesized by methods earlier reported by Chatterjee and
Gupta (2010).

Soils

Three soils from sugarcane growing regions of the state of
Uttar Pradesh namely, the silty clay loam (Indian Institute
of Sugarcane Research, Lucknow, 26.56° N and 80.52° E),
the sandy clay loam (G.B. Pant University of Agriculture
and Technology, Pantnagar, 29° N and 79° E) and the loam
(Baraut, 29.10° N, 77.26° E) were used in the study. Soils
were collected from the surface 0—15 cm, air-dried and
stored at room temperature. Soils were characterized for
physicochemical characteristics using standard analytical
methods (Table 1).

Sugarcane Trash Ash (STA)

The sugarcane trash ash (STA) used in this study was
reported earlier [10]. The STA was characterized for pH,
organic carbon (OC), electrical conductivity (EC), spe-
cific surface area (SSA) and pore volume (Quantachrome
NOVA 10.01, Quantachrome Instruments, Florida, USA).
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Table 1 ‘Ph%/slilco—‘cl.lle‘mi‘ce:il . Soil pH Organic carbon (%) Sand (%)  Silt (%) Clay (%)  Electrical con-
p;operges of the soils used in ductivity (mS
the study m—l)
Silty clay loam 7.5+£0.1 0.63+0.03 13.1+£1.1 58.0x14 289+1.4 0.525+0.011
Sandy clay loam 6.3+0.1 0.80+0.01 55.1+£1.2 26.0x1.1 189+0.7 0.142+0.006
Loam 7.7+0.2 0.75+0.02 33.1+£0.8 44.0+09 229+0.6 0.160+0.004

Values are mean =+ standard error

The properties of the STA were: pH 10.5, OC—8.21%,
EC—7.01 mS m~!, surface area—27.23 m? g~!, poros-
ity—0.0596 cm? g~ .

Degradation Studies

Laboratory studies were performed by taking soil (100 g) in
sterilized flasks (250 mL), thoroughly mixed with STA (O,
0.1 and 0.2%) and sterile distilled water to attain 60% water
holding capacity and incubated for 10 days at 27+ 1 °C for
stabilization. Treatments that were named as: (1) Control
(2) STA (0.1%) (3) STA (0.2%). Samples, in triplicate, were
treated with atrazine (2 ug g~') or fipronil (1 pug g7') in
0.1 mL acetone while untreated samples served as control.
The soil samples were incubated at 27 + 1 °C and water lost
during incubation was supplemented every week (weight
basis). The soil samples were withdrawn at regular inter-
vals for atrazine/fipronil residues extraction and analysis by
high-performance liquid chromatography (HPLC)/ gas-lig-
uid chromatography (GLC)/ liquid chromatography-mass
spectroscopy (LC-MS/MS).

Effect of STA on atrazine degradation was studied under
field conditions in the silty clay loam soil at Indian Institute
of Sugarcane Research, Lucknow. The experiment was con-
ducted in July 2019, 1.5 x 1.0 m? plot size, in triplicate using
randomized block design. The STA was broadcasted in fields
at 20 and 40 t ha™! (equivalent to 0.1 and 0.2% STA). Plot
without STA served as control. After STA application, plots
were irrigated and 5—7 two budded setts (CoLK 09204) were
planted. After 8-10 h, atrazine (Attari, 50% WP) was sprayed
@ 2 kg ha™! by dissolving required amount of formulation
in 900 mL water. Plots were irrigated as and when required.
Soil samples were drawn randomly from O to 15 cm depth
using tube auger from 6 to 7 spots in each plot at different
time intervals and analyzed for pesticide residues.

Bioavailability Studies

Effect of STA on atrazine availability was determined by
observing its effect on mustard seedling. Mustard [Bras-
sica juncea (L.) Coss] was selected as a test plant as it was
sensitive to atrazine. The plastic pots (3.3 cm i.d. X 4.5 cm
length) were filled with 50 g of silty clay loam soil mixed

with 0, 0.1 and 0.2% STA. Atrazine concentration of 1, 1.5
and 2 pg g~! were applied while untreated soil/soil + STA
mixtures served as control. Treatments were replicated three
times. Mustard seeds (5), soaked overnight in water, were
sown in each pot, kept in laboratory under light condition at
room temperature and watered as and when required. Ten
days after sowing mustard seedling were uprooted and roots
were washed with water to remove soil particles and root and
shoot length measured.

Extraction and Analysis

Soil (5 g) was taken in 50 mL glass tube and distilled water
(4 mL), 2-3 g anhydrous sodium sulphate and 10 mL ethyl
acetate were added. The samples were shaken for 2 h using
horizontal shaker. After shaking samples were centrifuged
at 5000 rpm for 5 min and 1 mL of ethyl acetate fraction
was transferred to a test tube and solvent evaporated. After
evaporation, residue was re-dissolved in 1 mL of acetonitrile
for atrazine/metabolite analysis by high-performance liquid
chromatography (HPLC) or liquid chromatography-mass
spectroscopy (LC-MS/MS) (Kumari et al. 2021) and 1 mL
hexane for fipronil/metabolite analysis by gas chromatog-
raphy (GC, Varian CP-3800) (Chatterjee and Gupta 2010).

Bacteria and Fungus Population Counts in Soil,
Without and with STA

Population of bacteria and fungi, in terms of colony-forming
unit (CFU), was studied in silty clay loam soil mixed with O,
0.1 and 0.2% STA by serial dilution method. Soil samples:
(1) Control (2) STA (0.1%) (3) STA (0.2%) were prepared
as mentioned earlier 2.4 and CFU were counted on 10th
day. After 10 days, soil sample (0.1 g) from each treatment
was suspended in 0.9 mL sterilized phosphate buffer saline
(PBS). Further, suspension was serially diluted using PBS
to get dilutions up to 10~ and 50 pL of these dilutions, in
duplicate, were plated on tryptone soya agar medium (tryp-
tone soya broth—0.6 g, agar—15 g, antifungal agent Delvo-
cid—100 mg, water—1 L) for bacteria and potato dextrose
agar medium (potato-dextrose broth—24 g, agar—15 g,
water—1 L) for fungi. The plates were incubated in an
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incubator at 27 + 1 °C and after 48—72 h of incubation, the
colonies were counted and expressed as CFU per gram soil.

Results and Discussion
Degradation Studies

Degradation results in laboratory incubated soils suggested
that atrazine was moderately persistent and except 0.2%
STA-mixed silty clay loam, atrazine residues reached below
detection limit on 30th days in all treatments. The STA
(0.1%) slightly increased atrazine degradation in silty clay
loam soil while increasing STA content (0.2%) slowed down
degradation (Supplementary Table A.). At 20th days, 36.02,
20.34 and 54.03% of atrazine was recovered from control,
STA (0.1%) and STA (0.2%) treatments. After 30 days, atra-
zine concentration reached below detectable limits except
STA (0.2%) where 33.71% atrazine was recovered unde-
graded. The STA slowed down atrazine degradation in sandy
clay loam and on 20th day 0.9, 11.13 and 14.01% atrazine
was recovered undegraded from control, STA (0.1%) and
STA (0.2%) treatments. However, atrazine degraded at faster
rate in STA-mixed loam soil and on 10th day 17.11, 5.57 and
6.46% atrazine was recovered from the control, STA (0.1%)
and STA (0.2%) treatments.

Compared to atrazine, fipronil was fairly persistent in
all three sugarcane soils as insecticide was detected for 95
(silty clay loam) and 120 (sandy clay loam and loam) days
(Supplementary Table B.). The STA did not show much
impact on fipronil degradation. After 95 days, 30.77, 29.45
and 28.11% % fipronil was recovered from the control, STA
(0.1%) and STA (0.2%) treatments in silty clay loam soil,
respectively. Similarly, on 120th day 6.3, 6.2 and 7.6%
(sandy clay loam) and 17.7, 12.2 and 12.4% (loam) fipronil
was recovered from the respective treatments. Degradation
of atrazine and fipronil in the laboratory incubated soils fol-
lowed order: silty clay loam > sandy clay loam >loam.

Metabolites detected in soil samples are expressed in
Supplementary Tables A-D. Atrazine can be degraded,
both chemically and microbially, by (1) hydrolysis of chlo-
rine group leading to formation of hydroxyatrazine and
(2) dealkylation to deethylatrazine or deisopropylatrazine
(Supplementary Figure A). Metabolite analysis suggested
that hydroxyatrazine and deethylatrazine were detected as
metabolites of atrazine (Supplementary Table C). No detec-
tion of deisopropylatrazine did not indicate that it was not
formed during atrazine degradation. Probably, it might have
formed, but degraded immediately; so, did not accumulate
at detectable concentration. Both metabolites were detected
on 10th day in silty clay loam soil. Concentration of deeth-
ylatrazine was more in the control than STA (0.1%) and STA
(0.2%) treatments, while no effect of STA was observed on
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hydroxyatrazine concentration. Traces of only deethylatra-
zine were detected in sandy clay loam soil samples in 6-15th
day samples and STA did not affect its concentration among
different treatments. Both metabolites were detected on 6th
day in loam soil, but, no difference in hydroxyatrazine con-
centration among the samples of different treatment was
observed. However, concentration of deethylatrazine in
STA (0.1%) treatment was more than in the control and STA
(0.2%) treatments. Both metabolites were relatively less per-
sistent in STA (0.2%) treatment. These results suggested that
hydroxyatrazine was detected only in silty clay loam and
loam soils having alkaline pH and STA further increased
pH (> 8 in 0.2% STA). Earlier reports suggested that atra-
zine gets hydrolysed to hydroxyatrazine in alkaline soils (Nel
and Reinhardt, 1984). Thus, hydrolysis and dealkylation pre-
dominated for atrazine degradation in silty clay loam and the
loam soils, while dealkylation followed in sandy loam soil.

Fipronil get metabolized to different metabolites viz.,
sulfide is formed by reduction of > S = O moiety, sulfone is
formed by oxidation of > S =0 moiety, amide is formed by
hydrolysis of cyanide group and desulfinyl is mainly formed
by photolysis. Among them, only sulphide was detected on
20th day in silty clay loam soil and no effect of STA was
observed on metabolite concentration (Supplementary Table
D). All four metabolites were detected in sandy clay loam
(Supplementary Table E); sulfide and sulfone on 10th day,
amide on 30th day and desulfinyl traces (0.05 pg g~') on
50th and 60th day. Among them, sulfide and sulfone were
the major metabolites and their maximum concentrations
were 0.28 and 0.46 pg g~!, respectively, in 70th day sam-
ples; thereafter, concentrations decreased. Sulfide, sulfone
and amide were detected in loam soil (Supplementary Table
F) and their concentrations were more in the control soil.
Maximum amounts of sulfide in the control (0.414 ug g™,
STA (0.1%) (0.397 ug g~') and STA (0.2% (0.238 pg g1
treatments were observed on 70th, 70th and 60th day,
respectively. Similarly, maximum concentration of sulfone
in the control (0.215 ug g='), STA (0.1%) (0.186 pg g™ ")
and STA (0.2% (0.151 pg g~") treatments was observed on
70th, 70th and 40 day, respectively. Maximum amounts of
amide (miner metabolite), were observed between 50th and
60th days. All metabolites formed degraded with incubation.
Comparison of metabolites formed across all three soils sug-
gested that concentrations of sulfone and sulfide metabolites
were highest in loam, followed by sandy clay loam and silty
clay loam. These results are in agreement with the rate of
fipronil degradation in these soils. Further, highest recovery
of sulfide metabolites from silty clay loam and loam, hav-
ing high clay content suggested that reduction was the main
mechanism of fipronil degradation in these soils. However,
sulfone was the major metabolite in sandy loam soil suggest-
ing oxidation was the main degradation mechanism opera-
tive in this soil.
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Table 2 Degradation .rate Treatment Atrazine Atrazine + metabolites
constants (K ), half-life (¢, ,,)
and correlation coefficient (r) Ky, (ugg™td™ 1, ([Day) r Ky, (ugg™td™ 1, ([Day) r
values for atrazine, without and
with metabolites, in laboratory Laboratory incubation
incubated sugarcane trash ash Silty clay loam
(STA)-mixed soils Control 0.059 11779 0.954 0.048 14.59E 0,928
STA (0.1%) 0.070 9.94%  0.990 0.053 13.03°®  0.975
STA (0.2%) 0.042 16.46°F 0990 0.033 20.879  0.959
Sandy clay loam
Control 0.229 3.03%%  0.959 0.207 335 0.961
STA (0.1%) 0.099 7.00®  0.970 0.096 7.22°8 097
STA (0.2%) 0.096 722 0985 0.093 7.45°8  0.987
Loam
Control 0.218 3.184 0933 0.128 542 0972
STA (0.1%) 0.207 3.35% 0936 0.113 6.13% 0977
STA (0.2%) 0.262 2654 0.956 0.253 274 0.973
Field study (silty clay loam)
Control 0.192 3.61° 0958 0.184 3.77% 0950
STA (0.1%) 0.254 273 0.985 0.24 2.89°  0.988
STA (0.2%) 0.242 286" 0.987 0.225 3.084  0.986

Values followed by different lowercase letters within a column are significantly different at 5% level based
on the Duncan’s multiple range test performed using SPSS. Similarly, values followed by different upper-
case letters within a row are significantly different at 5% level

Degradation data, without and with metabolites, fit-
ted well to the first-order degradation equation as corre-
lation coefficient (r) values were > 0.9 (Tables 2, Fig. 1).
The K, values of atrazine alone in silty clay loam, sandy
clay loam and loam were 0.042-0.059, 0.096-0.229 and
0.207-0.262 ug g~ d7!, respectively. The half-life (z,,,)
of atrazine degradation in the control, STA (0.1) and STA
(0.2%) treatments were 11.77, 9.94 and 16.46 (silty clay
loam), 3.03, 7.0 and 7.22 (sandy clay loam) and 3.18, 3.35
and 2.65 (loam) days, respectively. Thus, atrazine was max-
imum persistent in silty clay loam and least in loam soil.
Degradation kinetics calculation including all metabolites
detected during degradation, slightly decreased degradation
rate. The K, of atrazine + metabolites in silty clay loam,
sandy clay loam and loam were 0.033-0.0593, 0.096-0.207
and 0.113-0.253 ug g~! d7!, respectively. This resulted in
slightly increase in the t,,,, which in the control, STA (0.1)
and STA (0.2%) were 14.59, 13.03 and 20.87 (silty clay
loam), 3.35, 7.22 and 7.45 (sandy clay loam) and 5.42, 6.13
and 2.74 (loam) days, respectively. Thus, except silty clay
loam (all three treatments) and control & 0.1% STA loam,
t,, without and with metabolites did not vary significantly.

Degradation rate constants (ug g~' d~!) for fipronil
(Table 3, Fig. 1) were lowest in silty clay loam (0.013-0.014),
followed by sandy clay loam (0.016-0.017) and loam soil
(0.022-0.024). The t,,, for fipronil in control, STA (0.1%)
and STA (0.2%) treatments were: 53.31, 53.31, 49.5 d (silty
clay loam); 43.31, 40.76, 40.76 d (sandy clay loam); 28.88,

28.88d, 31.50d (loam). Including metabolites in total resi-
dues recovered, decreased the rate of degradation and the
K, of fipronil + metabolites in silty clay loam, sandy clay
loam and loam soils were 0.0097-0.01, 0.006—0.0077 and
0.014-0.016 ug g~' d~!, respectively. The t,), for fipronil
residues in control, STA (0.1) and STA (0.2%) treatments
were 60.30, 71.44 and 71.19 (silty clay loam), 115.52,
115.52 and 90.02 (sandy clay loam) and 49.51, 46.21 and
43.32 (loam) days, respectively. Thus, including metabolites
in fipronil residues significantly increased the ¢, suggesting
that fipronil metabolites were more persistent than atrazine
metabolites.

Effect of STA on atrazine degradation under field condi-
tion in silty clay loam soil (Supplementary Table G) indi-
cated that on day 1, compared to the control (0.531 pg g™,
higher amounts of atrazine were recovered from STA (0.1%)
(0.575 ug g~!) and STA (0.2%) (0.734 pg g~ ") treatments.
But, thereafter, degradation was faster in STA-mixed soils
and on 10th day 11.24, 7.04 and 8.14% of initially applied
atrazine was recovered from the control, STA (0.1%) and
STA (0.2%) treatments, respectively, and residues reached
below detection limits on 15th day in all three treatments.
Hydroxyatrazine (minor) and deethylatrazine (major) were
detected as atrazine metabolites in all three treatments.
Maximum concentration of hydroxyatrazine was recovered
on 1st day, while deethylatrazine concentration was the
maximum between 3rd and 6th days, while both metabolites
reached below detection limit on 15th day. Data fitted well to
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Fig. 1 First order degradation
of atrazine (a—c) and fipronil
(d—f) in the sugarcane trash
ash (STA)-mixed laboratory
incubated soils
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first-order kinetics equation (» >0.93) (Table 2, Fig. 2) and
t,, in the control, STA (0.1%) and STA (0.2%) were 3.61,
2.73 and 2.86 days, respectively. The respective t,,, calcu-
lated including metabolites 3.77, 2.89 and 3.08 days. Thus,
t,» calculated without and with metabolite were nearly same
indicating that metabolites did not accumulate and degraded
quickly. Faster atrazine degradation under field conditions
can be attributed to photodegradation and volatilization. Fur-
ther, microbial activity dynamics in laboratory incubated
soils and field soils are entirely different and it might con-
tribute to faster microbe-mediated degradation of pesticide.
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This study suggested impact of STA was more on atra-
zine degradation than fipronil. Maximum impact of STA
on atrazine degradation was observed in sandy loam,
where 0.2% STA enhanced ?,,, value by > 2 folds. These
results are not in line with the adsorption result (Yadav
and Singh, 2021) which suggested that STA increased
atrazine adsorption coefficient (K;) by 113% (silty clay
loam), 46% (sandy clay loam) and 43% (loam). Although,
STA (0.2%) increased fipronil adsorption in silty clay loam
(35%), loam (140%) and sandy clay loam (300%) soils, no
significant effect was observed on fipronil degradation;
indicating that degradation of fipronil was not limited by
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Table 3 Degradation rate Treatment Fipronil Fipronil + metabolites

constants (K ), half-life (¢, ,,)

and correlation coefficient (r) Kps(ugg™'d™y  1,MDay) r Ky (ugg™'d™  1,(Day) r

values for fipronil, without and

with metabolites, in laboratory Silty clay loam

incubated sugarcane trash ash Control 0.013 53.31<C 0.961  0.0100 69.30°®  0.966

(STA)-mixed soils STA (0.1%) 0.013 5331°C 0953 0.0097 71.44%° 0957
STA (0.2%) 0.014 49.50°8 0.938  0.0096 72.19°° 0963
Sandy clay loam
Control 0.016 43318 0.979  0.0060 115.52%  0.791
STA (0.1%) 0.017 40.768 0.974  0.0060 115.52% 0914
STA (0.2%) 0.017 40.768 0.969  0.0077 90.02°F  0.889
Loam
Control 0.024 28.88%A 0.962  0.0140 4951 0913
STA (0.1%) 0.024 28.88%4 0.978  0.0150 4621 0.971
STA (0.2%) 0.022 31.50%4 0.943  0.0160 4332 0972

Values followed by different lowercase letters within a column are significantly different at 5% level based
on the Duncan’s multiple range test performed using SPSS. Similarly, values followed by different upper-
case letters within a row are significantly different at 5% level

¢ Control
BSTA (0.1%)
STA (0.2%)

Atrazine (ug g'! soil)

Days

Fig. 2 First order degradation of atrazine in the STA-mixed clay
loam soil in field

its availability in soil solution. Generally, pesticide adsorp-
tion and degradation are inversely related as adsorption
decreases the amount of pesticide in soil solution (Yang
et al., 2010). However, ashes, which contain oxide of some
macro- and micro-nutrients, might increase microbial
activity and pesticide degradation. Earlier, Zhang et al.
(2005) observed faster benzonitrile degradation in wheat
residue char mixed soil and attributed it to higher cell den-
sity in the presence of the char nutrients (stimulation by
soluble phosphorus) than in their absence. Kumar et al.
(2019a, b) reported that wheat straw ash enhanced preti-
lachlor degradation in soils, where 0.2% ash reduced #,,,
by nearly half.

Effect of STA on soil microbial population (culturable
bacteria and fungi) in silty clay loam soil was studied by
CFU counts. Results (Table 4) suggested that STA slightly
increased CFU counts of bacterial and fungal population
and CFU increased with increase in STA dose from 0.1 to

Table 4 Effect of sugarcane trash ash (STA) on microbial population
(colony forming units, CFU, of bacteria and fungi) in silty clay loam
soil

Treatment CFU g~! soil

Bacteria Fungi
Control (No STA) 73%10° 36x10*
STA (0.1%) 85x10° 49 % 10*
STA (0.2%) 98x10° 65x10*

0.2%. It can be attributed to increased nutrient availability
following STA mixing in soil (Bang-Andreasen et al. 2017).

Bioavailability Study

Effect of STA on bioactivity of atrazine was evaluated by
observing its effect on mustard seed germination. Initial
results to find out mustard seedling sensitivity to atrazine
suggested that seedlings were sensitive to 1 pg mL~! aque-
ous concentration (results not shown here) and atrazine
affected both root and shoot lengths, but effect on root length
was more evident. However, 1 and 1.5 pg g~! atrazine con-
centrations (Table 5, Supplementary Figure C.) did not show
any inhibition of mustard seedling’s root length in soil as
part of atrazine get adsorbed to soil particles and was una-
vailable in soil solution. Atrazine concentration of 2 pg g~!
inhibited mustard seedling root length in the control soil,
while did not show much inhibition of seedling growth in
STA (0.1 and 0.2%) mixed treatments. This can be attributed
to reduced availability of atrazine in STA-mixed soils due to
higher adsorption of atrazine. These results suggested that
compared to atrazine availability in the control soil, even
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Table 5 Root and shoot length of mustard plant in the control, 0.1
and 0.2% STA mixed-clay loam soil

Treatment Root length (cm) Shoot length (cm)
No atrazine

Control (No STA) 4.41+0.83° 5.98+0.48°
STA (0.1%) 4.43+0.09° 6.12+0.47°
STA (0.2%) 4.86+0.35° 5.38+0.25°
Atrazine (1.0 ug g™')

Control (No STA) 4.68+0.11° 6.07+1.73
STA (0.1%) 4.65+0.15° 6.38+0.38°
STA (0.2%) 431+0.69° 6.41+0.40°
Atrazine (1.5 ug g7')

Control (No STA) 4.23+0.57° 6.23+0.57°
STA (0.1%) 423+0.32° 6.18+0.70°
STA (0.2%) 4.39+0.79" 6.71+0.26°
Atrazine (2.0 ug g~')

Control (No STA) 2.94+0.27% 2.74+1.42%
STA (0.1%) 4.02+0.03° 6.75+1.09°
STA (0.2%) 4.15+0.11° 6.48 +0.42°

Values followed by different letter within a column are significantly
different at 5% level based on the Duncan’s multiple range test per-
formed using SPSS

0.1% STA reduced availability of atrazine; therefore, no
effect of atrazine on mustard seedling was observed. There-
fore, probably higher amounts of atrazine will be required
for weed control in STA-mixed soils.

Not many studies related to effect of plant biomass ashes
on herbicide activity are available. Kumar and Singh (2020b)
assayed the effect of rice straw ash (RSA) on bioavailability
of sulfosulfuron by observing its effect on mustard seed-
lings and reported that even 0.1% RSA reduced herbicide’s
availability.

Conclusion

Burning of crop residues for land clearing after crop har-
vest is a common agricultural practice in India. Crop residue
ashes contain high surface area unburnt carbon content that
increased retention of pesticides in soils and can affect fate
of pesticides applied after burning. The present study evalu-
ated the effect of sugarcane trash ash (STA) on atrazine and
fipronil degradation behaviour in three sugarcane-growing
soils. The STA affected atrazine degradation in laboratory
incubated soils and effect was maximum in sandy clay loam
soil, however, effect under field evaluation in silty clay loam
soil was nonsignificant. No effect was observed on fipronil
degradation suggesting fipronil degradation may not affected
by its availability in soil solution. These results could not be
explained by pesticide’s adsorption behavior in these soils
which suggested enhanced retention of both pesticides in

@ Springer

STA-mixed soils and should have affected subsequent deg-
radation behaviour in soils. The STA (0.1%) reduced bio-
availability of atrazine evaluated by its effect on mustard
seedling, a sensitive plant. Present study has implications
for assessing the fate of these pesticides in sugarcane fields,
where trash is burnt year after year and STA is mixed in
soil. However, the findings of laboratory studies cannot be
directly extended to field situation as STA might have cumu-
lative effect due to year after year burning of trash.
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