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1. INTRODUCTION

Indian agriculture plays pivotal role in economy of the whole country and
most of the farmers’ family lies in the village. Modern agriculture systems are consuming
large number and quantities of pesticides for maximize the food grain production to fulfill
the food demand of growing populations. Pesticides are a broad group of chemicals,
which are used to manage illnesses, pests, and weeds. Pesticides are regarded a regular
and constant component of the agricultural system (Ahmad et al., 2019). It has been
observed that very little quantity of total applied pesticides reaches to the target
organisms, while the remaining is releases into surrounding environments (Carriger et al.,
2006). Therefore, released pesticides from the extensive use of these pesticides under
modern agriculture used in an inefficient manner can cause the contamination on
agricultural soil and their surrounding associated ecosystems. Pesticides can contaminate
air, groundwater, and other areas of the environment once they are present heavily in soil.
The extent of this contamination depends on how long the pesticides are present in the
soil. The higher accumulation of these toxic substances in the environment like food, soil
and water may cause serious health hazard for human and other animals (Chiari et al.,
2017; Jallow et al., 2017; Mostafalou and Abdollahi, 2017; Shahid et al., 2016; Tosi and
Nieh, 2019) Extensive use of pesticides in agriculture may also degrade the soil quality
especially in microbial and enzymatic activity of soil. However, poor microbial
community may alter the soil physico-chemical properties and reduces the crop vyield
(Karpouzas et al., 2016; Niemi et al., 2009). Globally, United States has securing first
position with respect to the pesticides as manufacturers, traders, and consumers, While
China, France, Japan, and Brazil are contributing after United State for pesticides
consumption. Among all the pesticides herbicides is maximal uses and it share about 40%
in the worldwide consumption followed by insecticides (18%) and fungicides (10%).

Herbicides are chemical substances which are used to control unwanted plants
or weeds in cultivated crops field. Weeds are aggressively competed with crops for
available moisture, nutrients, air, light, and other micro-environmental factors, which
ultimately reducing crop yield up to 30-80 percent (Kumar and Sarkar 2020). Although
herbicides boost crop production by suppression of weed growth but their negative impact
is also exhibited due to indiscriminate use which can pollute the surrounding environment

and pose a threat to biota (Nakatani etal. 2014). Once herbicides are released to



environment, they residually impair the quality of soil, water, air and sometimes its shows
toxicity to crop and also residual effect on successive crop or entities and non-target

organisms depending upon their persistence (Sondhia 2013).

Imazethapyr is an imidazole compound that is used as a selective herbicide for
soybean and other pulse crops as pre-plant incorporation, pre-emergence and post-
emergence. This herbicide compound able to control weeds by reducing the levels of
three branched chain aliphatic amino acids, isoleucine, leucine and valine through the
inhibition of aceto-hydroxy acid synthase. However, inhibition causes a disruption in
protein synthesis which leads to interference in DNA synthesis, cell growth and
eventually to weed death. (Breccia et al., 2013; Zhou et al., 2010). This herbicide is used
to control grasses and other broad leave weeds including barnyard grass, crabgrass,
cocklebur, pigweeds and foxtails etc. The application of imazethapyr is having the
negative effect on successive sensitive crops like wheat, spanich, raya, canola, barley, pea
and sugarbeet (Alister and Kogan 2005). Total consumption of imazethapyr was 61.07
MT in 2016-17 which is increased to 74.00 MT in 2020-21(DPPQS, GOI). Imazethapyr
has been classified as a slightly toxic compound under Class 111 as per the USEPA (1989).
It is designed as biologically active but residues of imazethapyr are also found in crop
produce, soil and water. Increasing use of such herbicide may pose serious environmental
problems through off site movement and leaching which must be controlled to minimize
harmful effects on non-targeted organism. Similarly, the herbicide has been reported as a
harmful irritant for human can damage the respiratory track, skin, and eyes (PPDB,
2014). This herbicide is also reported to induce nuclear abnormalities such as blebbed and
notched nuclei, only when tadpoles were exposed for 96 hours. In addition, imazethapyr
exposure to it about 0.39-1.17 mg L * increase the possibility to genetic damage index in

tadpoles lasting for both 48 and 96 hours respectively. (Pérez-Iglesias et al., 2015).

Processes related to sorption, degradation, and transport is the key factors that
affect how pesticides behave in the environment. Pesticides are divided between the solid
and aqueous phases of soil by the transfer process known as sorption, which has a
significant impact on the other processes (Wauchope et al., 2002). Soil sorption of
organic contaminants is an important physico-chemical process that strongly influences
contaminant transport and its fate in the surrounding environment. Sorption and
bioavailability of pesticides in agricultural soils is influenced by the presence of soil
organic matter and clay content. Imazethapyr is susceptible to leaching loss due to having

2



more water solubility (1400 mg L™) and poor soil adsorption coefficient (KFads).
Therefore, imazethapyr is possible source of surface and groundwater contaminants from
leaching losses. It has been observed that about 71% of the surface and groundwater
samples is exceed the maximum imazethapyr residue limit of 0.01 pg L™ (Battaglin
etal., 2000; Espy etal., 2011). It is important to understand the kinetics of pesticide
degradation since it describes the chemical concentration over time and it is used to assess
the persistence of applied pesticides and their potential risks to exposed species. The
environmental dispersion of pesticides is influenced by both biotic and abiotic variables.
The two main processes that contribute to the abiotic breakdown of pesticides which are
hydrolysis and photo-degradation. The biological mechanism which reduces severity
level of pesticides from soil, and even in the most persistent ones, is known as microbial
degradation. Imazethapyr is primarily degrades by microbial decomposition, which is
influenced by soil physicochemical properties, environmental variability, and agricultural
practices. Other factors like climatic, edaphic features and pesticide properties are also
influencing the breakdown of pesticides in soil. Imazethapyr is a long-lasting herbicide
with having a half-life (DT50) of 7 and 513 days (Sullivan et al., 1998; Punia et al., 2011;
Grichar et al., 2012).

Biochar is a carbon-rich material prepared from the pyrolysis of plant and animal
wastage under low oxygen and high temperature conditions. The application of biochar
has been increasingly used for soil compartmentalization and it happening through carbon
sequestration and other soil quality improvement. Biochar as an environmentally benign
and low-cost sorbent has an emerged viable technique for reducing the high residue of
pesticide in soil and also able to alleviate the pesticide-related health hazards problems
(Ahmad et al., 2014; Mohan et al., 2014). Parthenium and Lantana weeds are majorly
found in India, which is having wide range of adaptability to the variety of ecosystems.
Whenever, these weeds are found in the cultivated fields it reduces the profibilty of crop.
Therefore, it can be used for two directional profits by use of weeds biomass for biochar
preparation, it reduce the herbicide applications and by application of biochar in
contaminated site reduce the pesticide level in soil. Soil application of biochar increases
the soil quality via enhancing soil microbial activities (Irfan et al., 2019), carbon
sequestration (EI-Naggar et al., 2019b; Lehmann et al., 2006), modifying soil nutrient
holding capacity and their bioavailability (EI-Naggar et al., 2019a; Bilgili et al., 2019),

alteration in soil physicochemical characteristics (Su et al., 2019), and establishing



mycorrhizal associations (Aggangan et al., 2019; Solaiman et al., 2019). Additionally,
application of biochar can increase plant growth and production through improving soil
structure (Jien, 2019) and nutrient availability (Yu et al., 2019). Application of biochar is
also reported to increase the sorption capacity of pesticides and decrease its dissipation

which can consequently minimize the risk of human health hazard exposure to pesticides.

As a result, biochar has been found to be very effective in reducing the
pesticide contaminations and increases the sorption phenomena in agricultural soils. This
is owing due to biochar is having high surface area and nano-porosity (Abdul et al., 2017;
Lehmann, 2007) By altering of pesticide sorption, desorption, degradation, leaching, and
bioavailability in soil system and have a significant impact on pesticide behaviour in soil
system (Nag et al., 2011).

The implication of biochar on pesticide behaviour is limited studied and poorly
understood especially for the herbicides. Hence, we are going to investigate the effect of
biochar of most majorly weed i.e. Parthenium and Lantana. The present investigation
was undertaken with the following objectives:

1. Preparation & characterization of biochar and soil

2. Effect of biochar on sorption behaviour of imazethapyr in soil
3. Effect of biochar on leaching behaviour of imazethapyr in soil
4

Effect of biochar on dissipation of imazethapyr.



2. REVIEW OF LITERATURE

Agriculture is an important sector where 60% of the Indian population
depends for their source of income and they are mostly lives in the rural background. The
human populations are increasing day by day which creates huge pressure for food grain
production to supply their demands in limited land resources. The crop can be damaged by
certain pest like insects, fungi, bacteria, nematodes, weeds, and other pests and possible
source to reduce crop productions which harm Indian agriculture. For maintaining farmers
employ to keep maximum production and productivity of different crops to fulfill the food
demands pesticides (insecticides, fungicides, and herbicides etc.) are using to repel various
pest. Herbicides are consuming about 16% of the total pesticides use in Indian agriculture
(Anonymous, 2016, Devi et al., 2017). Application of herbicides removes the unwanted
plants from the cultivated field and helps to increase crop production. However,
indiscriminate use of herbicides having a variety of negative effects on the agriculture and
associated environments (Baran et al., 2011; Bassil et al., 2007; Pingali et al., 1994;
Balabanic et al., 2011).

(m)

‘i 2N\ S
/ [ \ \Ietabollsm 23 3, Wind drift s mmp

Photolysis Volatilization

Soil adsorption

Microbial Degradation

Leaching to Chemical Degradation

Geosphere

Figure.2.1 Factors affecting fate of herbicide in the environment (Ahemad and Khan.,
2013)



The applied herbicides interacted with the different systems through various physical,
chemical and biochemical processes like photolysis, hydrolysis, degradation, leaching,
volatilization, adsorption, and other processes depicted in Fig. 2.1 and only 0.1 % herbicide
compounds reach to the target weeds from the applied quantity. While, the remaining
quantity of herbicides are dispersed in ecosystems and resulting degrade environments
(Pimentel and Levitan, 1986).

2.1. General information about imazethapyr

Imazethapyr (5-ethyl-2-(4-methyl-5-ox0-4-propan-2-yl-1H-imidazol-2-yl)Pyridine-
3-carboxylic acid) is an imidazole compound used as a selective herbicide in soybean and
pulse crops are presented in table 2.1. Imazethapyr is locally available in the different
names like Contour, Hammer, Overtop, Passport, Pivot, Pursuit, Pursuit Plus, and Resolve
in market but all contains active component only is imazethapyr. It is applied as pre-plant
incorporated, pre-emergence, and post-emergence. Applied herbicides inhibits weed
growth by lowering levels of three branched chain aliphatic amino acids, isoleucine,
leucine and valine through the inhibition of aceto-hydroxy acid synthase. This inhibition
causes a disruption in protein synthesis which in turn leads to interference in DNA

synthesis, cell growth and ultimately weed death (Breccia et al., 2013; Zhou et al., 2010).

Table 2.1: Basic profile of the Imazethapyr.

Parameter Imazethapyr

Structure CoHg COOH

X

CHy




Introduced in

1989

Chemical name

5-ethyl-2-(4-methyl-5-0x0-4-propan-2-yl-1H-imidazol-2-yl)
pyridine-3-carboxylic acid

CAS Reg. No.

81335-77-5

Physical state

Colourless crystals

Chemical formula Ci5H19N303
Molecular mass 289.33
Melting point (°C) 171
Boiling point (°C) 180 (decomposes)
Vapor pressure (20°C) 1.33x1072
Bulk density (g/cc) 1.11
Solubility in water (25°C) 1415 ppm
Log Kow (25°C), pH 7.0 1.49

Mode of action

Systemic herbicide which inhibits acetohydroxy acid synthase
(AHAS) enzyme that helps in synthesis of branched chain
amino acid (Leucine, Isoleucine and Valine)




Use Control grasses and broad-leaved weeds including barnyard
grass, crabgrass, cocklebur, pigweeds and foxtails millets

Rate of application 75-100 g a.i./ha
Formulation and application Usually supplied as an aqueous concentrate
Applications Soybeans, peanuts, beans and peas

Therefore, the study was conducted entitled “Effects of biochar on fate of imazethapyr
in sandy loam soil.” to see the behavior of imazethapyr on different sorption phenomena,
leaching and dissipation of applied biochar. The literature cited below based on research

findings from the national and international work.
2.2. Review of literature is grouped into following sub-heads:

1. Preparation and characterization of biochar
2. Effect of biochar on sorption behaviour of imazethapyr in soil
3. Effect of biochar on leaching behaviour of imazethapyr in soil

4. Effect of biochar on dissipation of imazethapyr

2.2.1. Preparation and characterization of biochar

Brewer et al., 2009 noticed that the biochar is prepared by pyrolysis of biological
materials and a stable form of carbon having a capacity to adsorb pesticides and hence it
reduce the bioavailability of pesticides in soils. However, biochar was also having ability

to improve soil nutrient status, increase crop output, and sequester carbon (C) in the soil.

The study was conducted to synthesis and characterization of water hyacinth biochar for
cadmium (Cd) removal from aqueous solutions at temperatures ranging from 300°C to
700°C. The factors for Cd removal like solution pH, contact time, and initial concentration

of Cd was also investigated. The ideal pH value was 5.0 which eliminated about 90% of




the Cd. The Langmuir isotherm having maximal Cd adsorption capacities were 49.837,
36.899, and 25.826 mg g. The biochar adsorption processes followed pseudo-second-

order kinetics with an equilibrium occurring approximately 5 hours (Shen et al. 2016).

Tang et al., 2013 studied that the characteristics of biochar and apply for the
remediations of contaminated soil. Biochar has been shown to improve soil characteristics
and also increasing crop biomass. They reported that heavy metals reduced in the
contaminated site due to the involvement of process like electrostatic interaction and
precipitation and organic pollutants by the mechanism of surface adsorption, partition, and
sequestration through applying biochar in soil system has been proven to reduce pesticide

efficacy.

Khorram et al., 2016 studied on biochar and its impact on pesticide behavior in
soil environments with their potential applications. They concluded that the biochar is
regarded as a distinctive adsorbent due to its large specific surface area and largely
carbonaceous composition. Whenever, soil additives containing tiny concentrations of
biochar may lead to more adsorption and decrease the bioavailability of pollutants to

plants, earthworms, and other soil-dwelling creatures.

Kookana, 2010 revealed that the role of biochar in modifying the environmental
fate, bioavailability, and efficacy of pesticides in soils and found that the distinctive nature
of biochar having high specific surface area, high carbonaceous, and aromatic nature. It has
been observed that the biochars having >2000 times more effective at pesticides sorption
than soil. It has also been demonstrated that adding very tiny amounts of fresh biochar to
soil (0.05 % by weight) can restrict the availability and effectiveness of pesticides to
plants.

Ying & Kookana, 2009 investigated that the efficiency of two different forms of
biochar in lowering the bioavailability of two pesticides (chlorpyrifos and carbofuran)
which were applied to the soil of onion (Allium cepa). The biochar was prepared from the
wood chips at 450 and 850 °C (BC850) were also well mixed into the soil. They noticed
that when the amount of biochar was increased in the soil loss of both pesticides appeared
through degradation and sequestration. It was observed that at 35 days about 86-88% of
the pesticides were lost from treated soil and only 51% of carbofuran and 44% of

chlorpyrifos were lost from the soil when it supplemented with 1.0 % BC850. The total



plant residues of carbofuran and chlorpyrifos were reduced up to 10% and 25%,

respectively than control treatment.

Nartey & Zhao 2014, determined the fundamental composition and
characteristics of biochar and forecast its potential for use in diverse environmental
applications, physical and chemical characterizations. Biochar was a promising alternative
to treat soils contaminated with heavy metals and organic compounds due to huge surface

area, charged surface, and functional groups by adsorption and immobilization mechanism.

Khorram et al., 2018 reported that the biochar had distinctive adsorbent due to its
large specific surface area and largely carbonaceous composition. However, it was unclear
how organic pollutants, particularly pesticides in soil altered with biochar and affect their
behaviour and environmental fate. Pesticide destiny and effects can be seen to be affected
by biochar and it has also been demonstrated to alter pesticide breakdown and
bioavailability to living things. Additionally, certain important facets of biochar uses in

agriculture and the environment were also emphasized.

2.2.2. Effect of biochar on sorption behaviour of imazethapyr in soil

Ahmad et al., 2001 investigated that the sorption of imazethapyr in 25 soils
collected from Pakistan and Australia using the batch method. They concluded that soils
varied widely in their intrinsic capacities to sorb herbicide as indicated by the sorption
coefficients. They also noticed that soil pH was strongly correlated with imazethapyr

sorption.

Yavari et al., 2020 experimented on sorption behavior of polar imidazolinone
herbicides in tropical paddy fields and concluded that Imidazolinones were persistent and
have a high leaching potential. The adsorption—desorption of imazapic and imazapyr
herbicides in various types of Malaysian agricultural soils was investigated in this study.
The effects of soil characteristics on the sorption capabilities of soils were also examined.
The Freundlich isotherm (R2 > 0.991) were best fitted in the adsorption data due to the G
values were negative and below 40 kJ/mol and the herbicide adsorptions were physical and

spontaneous processes.
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Yavari et al., 2021 revealed that the fate of imazapyr herbicide in the soil
amended with carbon sorbents and found that the use of biochar to stabilize herbicides is a
cost-effective and efficient way for environment safety. The goal of this study was to see
how biochar made from oil palm empty fruit bunches (EFB) and rice husk (RH) were
affected imazapyr destiny in soil. The soil amendment considerably boosted soil sorption
capacity (up to 2.34 folds) and reduced herbicide leaching.

Dechene et al., 2014 conducted this experiment to see how a soil amendment
including biochar was affected the sorption of polar herbicides and herbicide metabolites
(log Kow 0.32). Three anionic and one neutral polar molecule were tested for one
herbicide (imazamox) and three herbicide metabolites (methyl-desphenyl-chloridazon,
metazachlor oxalic acid, and metazachlor sulfonic acid).The presence of biochar boosted
the soil's sorption capacity solely in the case of the uncharged molecule methyl-desphenyl-
chloridazon for which the average distribution coefficients in biochar-amended soils were
2.1-2.5 times greater than in pure soil. However, rather than a favored sorption of methyl-
desphenyl-chloridazon to biochar, this effect appeared to represent an increase in soil
organic carbon content after the addition of biochar. Whereas, biochar amendment did not
increase the sorption capacity of the soil for the all anionic chemicals imazamox,
metazachlor oxalic acid, and metazachlor sulfonic acid due to likely because of its negative
net charge. Similarly, desorption experiments revealed that the biochar amendment had no

effect on desorption.

Untreated, chemically, thermally, and chemical-thermally treated rice husk
adsorbents were used for investigation of their ability to adsorb imazethapyr and imazamox
from aqueous solution. The pseudo second order kinetic model accurately represented the
adsorption kinetics of imazethapyr and imazamox on untreated and treated rice husk
adsorbents and the adsorption isotherms suited in the Langmuir model as well. Treated rice
husk adsorbents had a larger potential to adsorb imazethapyr and imazamox than untreated
rice husk. Imazethapyr (0.636 103 to 166.514 103 g g1) adsorption potential was higher in
the synthesized adsorbents than imazamox (0.158 103 to 131.835 103 g). Imazethapyr and
imazamox desorption rates from rice husk adsorbents ranging from 92.82 to 99.34 %.
Finally, they concluded that the rice husk has the potential to be a useful and low-cost
adsorbent for removing imazethapyr and imazamox from water contaminations (Kaur et
al., 2020)
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Yavari et al., 2017 observed that the biochar a biomass-derived solid
substance which was prepared from the pyrolyzing oil palm empty fruit bunches (EFB)
and rice husk (RH). However, they recorded the impacts of three pyrolysis factors
(temperature, heating rate, and retention time) on biochar ability to remove imazapic and
imazapyr herbicides from soil. The findings revealed that when the temperature was
reduced up to 300 °C sorption capacity was improved in both biochar which owing to
increased biochar efficient functionality in polar molecule sorption. The sorption
capabilities of both biochar were maximized under ideal conditions of 3°C/min heating
was reported and for EFB and RH biochar retention times of between 1 h and 3 h were
determined to be the best. The chemical composition and greater polarity index (0.42) of
EFB biochar proved more effective in removing herbicides particularly imazapyr than RH
biochar (0.39). Furthermore, EFB biochar had greater cation exchange capacity (CEC)
values (83.90 cmolc/kg) compared to RH biochar (70.73 cmolc/kg) which indicated a
stronger surface polarity efficient in polar herbicide sorption.

The experiment was conducted to determine biochar sorption behaviour on
the highest temperature treatment of pyrolysis factor. The pyrolysis peak temperature rise
to causes the expansion of microporosity and surface area, increase in biochar organic
carbon content and hydrophobicity. Biochar is now suitable for the immobilization of
organic pollutants due to these improvements was noticed. After the pyrolysis
temperatures, heating rate, gas pressure, and reaction retention time were successively key

pyrolysis variables that affect biochar sorptive characteristics (Yavari et al., 2015).

Marinho et al., 2018 studied on the sorption-desorption of imazethapyr and
imazapic in six agricultural soils. High-performance liquid chromatography and the batch
equilibrium method were applied in this investigation. Imazapic and imazethapyr Kf values
were found between 0.43 and 2.72 mgl-n kg-1 Ln and 0.38 to 2.52 mgl-n kg-1 Ln,
respectively which indicated modest sorption in the studied soils. Lower desorption (50%)
was also seen in the soils of Cambisol, Alisol, and Dystric Gleysol highlighting the
possibility that these herbicides could harm the sensitive crops grown in rotation.

The effects of maize stalk biochar on the persistence and sorption behavior
of flubendiamide in two distinct Indian soils were investigated. At a fortification level of
10 g g1 West Bengal soil were reported more persistence (178.6 days) than Sikkim soil
(165.3 days). The Half-life (T1/2) values for biochar amended Sikkim and West Bengal
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soil were observed as 103.5 and 117.4 days, respectively. The results of a sorption
investigation using the batch equilibrium method and showed that the soils of Sikkim and
West Bengal had adsorption rates of 6.22 %, 0.16 % and 5.26 % 0.16 %, respectively after
4 hours of equilibrium time. Whereas, Sikkim soil that had been modified with biochar
showed more adsorption than West Bengal soil. Desorption values that were slower than
adsorption values suggested a hysteresis effect with hysteresis coefficients (H1) in two test
soils ranging from 0.025 to 0.151( Das & Mukherjee, 2020 ).

Eucalyptus bark (EBBC), corn cob (CCBC), bamboo chips (BCBC), rice
husk (RHBC), rice straw (RSBC), and acid treated RSBC (T-RSBC) biochar were
described for their physico-chemical properties and the atrazine and imidacloprid sorption
behaviour was investigated. A Kinetics analysis revealed that the modified Elovich model
was a good fit for the sorption of atrazine and imidacloprid with applied biochar. While the
exception of atrazine adsorption on RSBC which was best explained by the pseudo second
order model was observed. The RSBC displayed the highest levels of atrazine (37.5-
70.7%) and imidacloprid (39.9-77.8%) sorption among the five typical biochar. The
sorption of both pesticides in T-RSBC was further improved by the phosphoric acid
treatment of RSBC. The percent adsorption decreased with a rise in pesticide concentration
in solution where the Freundlich adsorption isotherms were extremely nonlinear. Their
aromaticity, polarity, pore width, pH, and weak acid percentage had an impact on the
pesticide adsorption on the biochar was reported. As a result, rice straw biochar can be
used as adsorbents for the purification of pesticide industry waste water and have

significant environmental effects (Mandal et al., 2017).

Utilizing two pretreatment methods without and with ammonium
dihydrogen phosphate (ADP)), biochar (CS450 and ADPCS450) were generated in this
study using maize straw. Elemental analysis, specific surface area (SSA), and Fourier
transform infrared spectra were used to compare the characteristics of the two biochar
(FTIR). In comparison to CS450, ADPCS450 produced more residue and had a
significantly greater specific surface area. The sorption behavior of atrazine (2-chloro-4-
ethylamino-6-isopropylamino-1,3,5-triazine) was studied using the Freundlich, Langmuir,
and Redlich-Peterson models. However, the results best suited in the Redlich-Peterson
equation. The isothermal sorption parameters atrazine's had capacity to bind to ADPCS450
was significantly higher than that of CS450 where acidic environments and high

temperature were also favored atrazine sorption as well (Zhao et al., 2013).
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Ren et al.,, 2018 investigated on sorption behaviours of atrazine and
phenanthrene (Phen) on soil-biochar mixes aged for various lengths of time. Biochar were
made from pig manure at two different temperatures. In comparison untreated biochar
treated soils with biochar were showed a considerable increase in the sorption of atrazine
(up to 23.4 times at C e = 0.01 S w) and Phen (up to 3.12 times at C e = 0.01 S w). With
the soil-biochar mixes changed their physical and chemical characteristics which in turn
had an impact on their sorption capacity. The sorption of atrazine and phen in black soil
(BS) and fluvo-aquic soil (FS) was increased to varying degrees after the biochar generated
at 300 °C (BC300) was aged in soil except phen's sorption on BS. However, the sorption of
atrazine on the two soils significantly decreased when the biochar was generated at 700 °C
(BC700) but it was still 56.3 percent higher than that on the original soil.

A silt loam soil was treated with the herbicides of aminocyclopyrachlor (6-
amino-5-chloro-2-cyclopropyl-4-pyrimidinacarboxylic acid), bentazone (3-isopropyl-1H-
2,1,3-benzothiadiazin-4 (3H)-one 2,2-dioxide), and the fungicide pyraclostrobin (methyl 2-
[1-(4-chlorophenyl) Bentazone and aminocyclopyrachlor were almost entirely absorbed by
soils that had been treated with biochar made from wood pellets. As reported amended soil
with biochar derived from macadamia nut shells showed decreased herbicide sorption,
which was explained by the competition between the herbicides and dissolved organic
carbon (DOC) from the biochar for sorption sites. However, pyraclostrobin has a high level
of soil sorption, and adding biochar to the soil had no further impact on its sorption. The
sorption of highly mobile pesticides in soil, however, can be increased by biochar with

high surface areas and low DOC levels (Cabrera et al., 2014).

Chen & Yuan, 2011 recorded that the pine needle biochar was prepared at
various pyrolytic temperatures at 100°C, 300°C, 400°C, and 700°C (P100 - P700) and
added in paddy soil. Different effects of biochar were imposed on the sorption of PAHs by
biochar-amended soil. However, P100 increased the sorption isotherm's linearity while, the
addition of more biochar to the soil increased the nonlinearity of the sorption isotherm for
P300, P400, and P700 treated soil. P300 content was reported to increase sorption affinity
as 0.5 percent and 0.1 percent in P400 and P700. Experimental finding were projected
sorption of soil modified with P100 and P300 was accurate and actual sorption was lower
than expected for P400 and P700 treated soil.
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Ahmad et al., 2009 used batch equilibration method for study the sorption
properties of two widely used herbicides i.e. atrazine and imazethapyr in 101 soils having
both allophanic and non-allophanic clays in New Zealand. As the Kd values for atrazine
and imazethapyr were varied from 0.7 to 52.1 and from 0.1 to 11.3 L kg1, respectively.
Atrazine had an average soil sorption coefficient or Koc that varied more than imazethapyr
which had a mean Koc of 13.2 L kg1.

Manna & Singh 2015 explained that how wheat and rice biochar were affected
the sorption of pyrazosulfuron-ethyl in a sandy loam soil. Pyrazosulfuron-ethyl had a low
adsorption in the soil (3.5-8.6%), however adding biochar improved the herbicide
adsorption with varying results depending on the feedstock and pyrolysis temperature.
Pyrazosulfuron-ethyl was more easily adsorbable by biochar made at 600°C compared to
400°C. Pyrazosulfuron-ethyl sorption and desorption showed strong correlations with
biochar content. The pyrazosulfuron-ethyl sorption process was exothermic, spontaneous,
and physical in character as their free energy change (G). The half-lives of the herbicides
in the control was 0.5 percent WBC600- and 0.5 percent RBC600-amended rice planted
soils were 7, 8.6, and 10.4 days, respectively with respect to persistence studies. The
herbicides were not significantly affected by the biochar (0.5 percent) amendment on

herbicide degradation was found.

This study looked at how the biochar amendment to the soil affected the
adsorption, desorption, and leaching of the chemical fomesafen. Hardwood biochar (B4)
had the highest fomesafen adsorption coefficient (kfads = 20.67) was observed when put to
the soil. In contrast, the soil amended with 2 percent rice straw biochar (B1) had the lowest

adsorption coefficient (kfads = 16.64) was recorded by Khorram et al., 2018.
2.2.3. Effect of biochar on leaching behaviour of imazethapyr in soil

This research was conducted to examine how imazapic, imazapyr, and a
combination leach from charcoal. The percentages of pesticides that leached into the soil
were dramatically reduced by adding biochar made from rice husk and empty fruit bunches
from oil palm trees. However, Imazapic was leached by 16 percent from soil devoid of
charcoal while, 4.3% for rice husk-modified soils and 3.6% for soils amended with empty
fruit bunches. Imazapyr was leached out of soil in the greatest concentrations (14.2%) from
non-modified soil followed by soil amended with charcoal and rice husk (4.0%) and empty

fruit bunch (2.8%). Biochar made from rice husk and empty fruit bunches can lower the
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herbicide leaching to 4.2 and 3.0 percent, respectively. The top 7.5 cm of soil modified
with biochar retained the highest percentages of the herbicides. It was also determined that
applying biochar could lessen the leaching of imidazolinones and reduce the environmental

damage (Yavari et al., 2021).

Yavari et al., 2021 experimented that the soil amendment greatly increased
soil sorption capacity (up to 2.34 times) and decreased herbicide leaching. In soil modified
with EFB biochar and reported lowest percentage of leached herbicide (2.8%) and
maximum percentage of retained herbicide (97.1%) were attained. The photo-degradation
rate was dramatically reduced with a half-life of 53.3 days in soil amended with EFB
biochar compared to 38.5 days in non-amended soil. However, the application of biochar

led to an increase in the bio-degradation of herbicides.

In columns of homogenized packed soil and the addition of pine chip biochar
(commercially pyrolyzed between 300 and 550 °C) decreased cumulative atrazine leaching
by 52% (p = 0.0298). Leaching of atrazine was not significantly (p > 0.05) reduced by
biochar additions in columns of undisturbed soil. In a field experiment the mean peak
groundwater atrazine concentrations were reported 53 percent lower after additions of 10 t
ha™ acidified biochar (p = 0.0056) compared to no additions of biochar. They concluded
that the use of biochar has the potential to lower peak atrazine leaching but that
heterogeneous soil characteristics, particularly preferential flow pathways, may mitigate
this effect were recorded by Delwiche et al., 2014.

Sondhia, 2013 studied on leaching behavior of imazethapyr in soil columns
under natural rainfall conditions and founded that the imazethapyr could leach in clay loam
soil up to the depth of 70 cm when columns were arranged randomly and allowed to
receive approximately 850 mm rain for three months with imazethapyr application rate of

100 and 200 g/ha on the soil columns.

Majumdar et al., 2007 evaluted that the impact of fly ash and organic manure
amendments on the downward mobility of metribuzin in sandy loam soil columns.
Metribuzin retention in the soil was improved by applying animal manure (T-1(OM) and
T-2(OM)) and fly ash (T-1(FA) and T-2(FA)) at 2.5 percent and 5.0 percent levels,
respectively. This study found that fly ash and animal dung were both very effective at

lowering the mobility of metribuzin in packed soil columns of a sandy loam soil.
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Six biochar were made from various feedstocks compared to other sorbents,
including  activated carbon, an Arizona montmorillonite  modified  with
hexadecyltrimethylammonium organic cation (SA-HDTMA) and an agricultural organic
residue from the production of olive oil used to see how they affected the sorption and
leaching of fluometuron and 4-chloro-2-methylphenoxyacetic acid (MCPA) (OOW). The
batch equilibration technique experiments was conducted after soil amended at a rate of 2
percent (w/w).The findings showed that not all biochar amendments was boost sorption
and reported lessen fluometuron and MCPA leaching. The amount and make-up of the
organic carbon (OC) content of the amendment particularly in the soluble component
(DOC) can also have an impact on sorption and leaching of these herbicides was observed
(Cabrera et al., 2011).

The effects of charcoal amendment on the adsorption, leaching, and
degradation of the herbicide isoproturon in soils were investigated by Wang et al., 2011.
All of the adsorption data matched with the Freundlich empirical equation accurately. It
was discovered that the pace of charcoal amendment increased the amount of isoproturon
that soils could adsorb (correlation coefficient r = 0.957, P 0.01). The retention of
isoproturon in soils rose with an increase in the charcoal content of soil samples. Whereas
the amount of isoproturon in leachate reduced with an increase in the amount of charcoal
addition to the soil column. The main mechanism for isoproturon dissipation from soil was
still biodegradation. The biodegradation of isoproturon in soils was significantly slowed
down by charcoal amendment and this study concluded with adding of charcoal to soil may
be a useful management technique for lowering pesticide leaching and increasing its

persistence in soils.

Rani et al., 2014 evaluated that the mobility of pesticides like chlorpyriphos and
cypermethrin in sandy loam soil at two application rates of 25 and 50 g with a simulated
rainfall of 300 mm. Gas-liquid chromatography was used to estimate and gas
chromatography-mass spectrometry to confirm the presence of chlorpyriphos and
cypermethrin residues in soil and leachate, respectively. The top 10 cm of soil contained
the highest concentration of both insecticides was observed. However, the soil was found
to be spread with chlorpyriphos up to a depth of 35 cm and cypermethrin up to 15 cm.
Results showed that both insecticides had minimal mobility under conditions of saturated
moisture and might not pollute ground water. The leachate fractions contained no pesticide

residues of any kind.
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Chen et al., 2011 studied on the use of rice straw biochar simultaneously as the
sustained release carrier of herbicides and soil amendment for their reduced leaching. The
rice straw charcoal (RS350) was served as a vehicle for the incorporation of herbicides.
Additionally, depending on the depth (50 or 100 mm) of the biochar-amended soil horizon,
the RS350 biochar dramatically decreased the leached amount of herbicides by 25.4
percent - 40.7 percent for acetochlor and by 30.2 percent - 45.5 percent for 2,4-D. It is
possible to increase both herbicides' potency due to the high retention of those substances
in the topsoil treated with biochar. They found that this was viable method for employing

low temperature biochar to lessen herbicide leaching while maintaining their efficiency.

Using a 14C labelling method by Cheng et al., (2017) investigated how biochar
and straw affected the simazine behaviour in a soil. A sandy loam soil was amended with
biochar, which was created by thermally treating wheat straw at four different temperatures
(250, 350, 450, and 550°C). The biochar soil had minimal samizine leaching from 21.8
percent to 42.6 percent due to the simazine sorption in the soil from 83.9 percent to 87.5
percent, which was significantly greater than the 43.0 percent in the unamended soil and
the 35.7 percent in the soil supplemented with unprocessed straw. They suggested that the
use of biochar can greatly increase simazine adsorption and decrease leaching, both of

which are advantageous for reducing environmental pollution.

Zhang et al., 2013 assesed that the adsorption and other physicochemical
processes utilized biochar to lessen the bioavailability and leachability of heavy metals and
organic contaminants in soils. Typically an alkaline substance, biochar can raise soil pH
and aid in the stability of heavy metals. Applying biochar to clean up contaminated soils
could offer a fresh approach to the problem of soil contamination. This document gives an
overview of the effects of biochar on the mobility and environmental destiny of heavy
metals and organic contaminants in contaminated soils as well as the implications for soil

restoration.
2.2.4. Effect of biochar on dissipation of imazethapyr

The study was compare oil palm EFB and rice husk (RH) biomasses as
biochar feedstocks for imidazolinones-contaminated soil remediation. During a 70-day
incubation period degradation of imazapic, imazapyr, and a mixture of the two (Onduty®)
was studied in the presence of tailored biochar in the soil. The polar herbicides were shown

to be resistant to hydrolysis degradation and biochar amendment had a greater impact on
18



imazapyr photodegradation. The biodegradation of imidazolinones on the other hand was
greatly accelerated in the presence of EFB and RH biochar in soil with the higher effects as

reported by Yavari et al., 2019.

Huang et al., 2018 experimented an alluvial soil and apply 0.2 percent and 0.5
percent (w/w) of biochar made from sugarcane tops in paddy field. The sorption
coefficients (Kd) of atrazine (Ce = 10 mg L1) were increased after the addition of 0.2
percent and 0.5 percent biochar by 26.97 percent and 79.58 percent, respectively in the
moist soil with a low level of total organic carbon (TOC) and by 31.43 percent and 60.06
percent, respectively in the paddy soil with a high level of TOC. The Deisopropylatrazine
and desethylatrazine, atrazine breakdown products were decreased after reaching 3.2 and 1

mg kg1, respectively.

At lower application rates (0.0375 and 0.187 g g1) in all soils and tested
temperatures, dissipation followed single first-order kinetics with a half-life ranging from
30.15 to 52.16 days. Although dissipation followed biphasic first-order kinetics at higher
application rates (0.8 and 1.5 g g1). The half-lives varied between 6.57 and 7.79 days (p >
0.05) during the initial phase and 93.74-152.83 days (p 0.05) during the final phase.
Alkaline soils (pH = 8.0-8.8), neutral soils (pH = 7.4) and acidic soils (pH = 5.0) had the
fastest dissipation rates. Imazethapyr dissipated more quickly after farmyard manure

amendment and temperature rise were also observed (Kaur & Kaur, 2022).

Janaki, et al., 2015 evaluated that the Triaizines, isoxazolidinones,
imidazolinones, and a few sulfonylureas were persistent herbicides and five main
categories like cultural and mechanical practices were increased degradation, deactivation,
lowering the availability in soil.The combining mechanical and cultural management
approaches with herbicides to control weeds was a valid protective measure because the
safeners have different behaviours in soil that affect the persistence of the herbicide.
Biostimulation, when used in conjunction with other tools like crop rotation and increasing
the organic matter content was undoubtedly a promising method for managing the
persistence of herbicides and minimising their residue in the soil even though it

necessitates extensive field evaluation studies.

Cheng et al., 2017 used a 14C labelling method to investigate how biochar and
straw affected the behaviour of simazine in a soil. At four different, contrasting

temperatures (250, 350, 450, and 550°C) was applied for wheat straw was thermally
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treated to form biochar which was then mixed with sandy loam soil. These findings
showed that the simazine adsorption and leaching can both be greatly increased by the
application of biochar and advantageous for reducing environmental pollution. The biochar
qualities have a significant impact on the simazine behaviours in the soil and lessen

simazine pollution in comparison to straw.

Butachlor, pretilachlor, and 2,4-D dispersed by first order Kinetics in long-term
tests on rice with half-lives of 6.0-11.8, 9.9-10.8, and 6.5-11.4 days, respectively.
However, herbicides such as traizines, dinitroanilines, acetoanilide, imidazolinones,
diethyl-ether, pyrimidinyloxybenzoic acid, phenoxy, and propionic acid lasted between 60
and 150 days in the soil. Atrazine, pendimethalin, and metolachlor each had soil half-lives
ranged between 31.8 to 44.9, 12.2 to 30.1, and 16.0 to 38.5 days, respectively. Imazethapyr
is followed by atrazine, pendimethalin, metolachlor, metribuzin, alachlor, butachlor,
pretilachlor, oxyfluorfen, and then imazethapyr. 99.2% of the crop samples tested for
pesticide residues had levels below the MRL. It was determined that Tamil Nadu had very
low amounts of pesticide pollution in its soil, crops, and water was observed (Janaki et al.,
2019).

Lonappan et al., 2018 studied on the impact of biochar amendment in agricultural soils
with their sorption, desorption, and degradation of pesticides along with the material’s
primary characteristic such as porosity and surface area, pH, surface functional groups,
carbon content, aromatic structure, and mineralogical composition. Furthermore, by
analysing the bioavailability of pesticide residues in the soil and assess the impact of other
contaminants on the removal of pesticides by biochar in soils was influence of pesticide
properties on its behaviour in biochar-amended soils. The combined effect of biochar and
soil microorganisms on pesticide degradation and the widespread application of biochar in
agricultural soils for multifunction an insight into future research directions has been

provided.

Jones et al., 2011 investigated that the effect of biochar type, duration after
incorporation into the soil, dose rate, and particle size on the sorption, biodegradation, and
leaching of the herbicide simazine was assessed in this study. The amount of sorption,
leaching, and the rate of simazine mineralization were negatively linked with the size of
the biochar particles. The sorption and mineralization of simazine were not affected by the

presence of aged biochar in the field after two years which indicated that biochar may have
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long-lasting effects on herbicide behaviour. They concluded that applying biochar to the
soil will decrease the foliar pesticide dissipation, reducing the risk of environmental
contamination and human exposure through the food chain but reduce the efficacy of soil-

applied herbicides was also recorded.

This study looked into how two different forms of biochar was affected the
bioavailability of pesticides that were applied to the soil and sprayed to Chinese chives
(Allium tuberosum), namely chlorpyrifos and fipronil and how the pesticides dissipated in
the biochar-amended soils. In order to obtain 0, 0.1, 0.5, and 1 percent by soil dry weight,
the biochars (BC450 and BC850) made from burning cotton (Gossypium spp.) straw chips
at two different temperatures (450 and 850 °C) were thoroughly mixed into the soil. In the
biochar-amended soils supplemented with 50 mg kg™ of each pesticide and Chinese chives
were grown for 5 weeks. As the amount of biochar was increased in the soil the loss of
both pesticides in the soil fell noticeably. As a result, it was discovered that biochar BC850
was successful in lowering the bioavailability of both pesticides from the soil and
contaminated soils biochar can be used to store pesticide residues and inhibit plant

absorption was recorded by Yang et al., 2010.

Zhelezova et al., 2017 investigated that how ageing of the biochar was
influenced the adsorption and breakdown of two herbicides, glyphosate (N-
(phosphonomethyl)-glycine) and diuron (3-(3,4-dichlorophenyl)-1,1-dimethylurea) in soil.
A wood-based biochar that had been added at 0, 1, 10, 20, and 30% w/w to one sandy and
one clayey soil. Biochar amendment improved the adsorption of diuron in both soils while
reducing the adsorption of glyphosate in the sandy soil. Compared to newly modified soil
containing biochar, the adsorption of both herbicides was reduced over time. Ageing in any
of the soils or the addition of biochar did not consistently change the rates of herbicide
degradation. However, glyphosate half-lives corresponded with the clayey soil and

Freundlich Kf values suggested that there was availability constrained degradation.

Kumar & Singh, 2020 studied on the impact of rice straw ash (RSA) and
wheat straw ash (WSA) on the leaching, degradation, and bioactivity of sulfosulfuron in
soils. Both types of ash decreased the downward mobility of their respective herbicides
which depends on the type of soil and ash dosage. Pretilachlor degradation tests showed
that the WSA accelerated degradation and effect was more pronounced in the flooded soil.

In the sandy loam soil was observed that the impact of RSA on sulfosulfuron
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decomposition was substantial. These findings were also corroborated by a wheat pot
culture investigation. By observing the effect of the WSA on mustard seedlings and the
effect of the WSA on the bioavailability of sulfosulfuron was also tested and the results

revealed that even 0.1 percent WSA lowered herbicide availability.

Janaki et al., 2012 evaluated that the pretilachlor persistence and degradation in
sandy clay loam and clay loam soils from 2007 to 2009 at two degrees of treatment. They
demonstrated that pretilachlor and other herbicides dissipated in soil according to first
order kinetics. They discovered that the pretilachlor was half-life of 12.44 days.
Additionally, they also noticed that more than 98 percent of soil moisture disappeared

throughout the crop harvest time.

Curran et al., 1992 assessed a number of imidazolinone herbicides in

solution and on soil undergo photolytic degradation. After 48 hours Imazaquin,
Imazethapyr, and Imazapyr were totally deteriorated under ultraviolet light. Whereas,
Imazamethabenz and Atrazine only degraded by 87 and 8%, respectively. In descending
order imazaquin was more photosensitive than imazethapyr, imazapyr, imazamethabenz,
and atrazine. They also tested soil in which 48 hours of exposure to damp sand resulted in
a loss of imazaquin and imazethapyr of 45% and 52%, respectively. Herbicide dissipation
on air-dry sand, field capacity, and air-dry silty clay loam was frequently reported less than
10% and Atrazine did not appear to be photolyzed. This study showed that the in solution,

imidazolinone herbicides photolyze rapidly due to moist, coarse-textured soils.

Morrica et al., 2002 experimeted that on degradation of imazosulfuron in four
different soils under aerobic laboratory settings to estimate its environmental destiny.
Tested soils were treated with this herbicide at a final dosage of 0.2 mg kg-1 (100 g ha)
before being extracted with methylene chloride and analysed using reversed-phase liquid
chromatography (RP-HPLC) using a C18 column and UV detection and 84.3 to 99.8
percent of the recovered spiking soils were retrieved (RDS 0.0-4.9 percent; n = 4). The
range for measurement was recorded 0.002 to 0.004 mg kgl. The t1/2 of imazosulfuron in
each of the examined soils was determined which was varied between 1 and 50 days under

aerobic settings.
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3. MATERIALS AND METHODS

Details of the materials dealt with and the methods adopted, during the course
of present investigation in order to achieve objectives of the present study are given

below:
3.1. Pesticide

Analytical grade imazethapyr (> 98% purity) was purchased from M/S Sigma
Aldrich chemicals Pvt Ltd, Bangalore, India.

3.2. Chemicals

HPLC grade acetonitrile, methanol and solvents (analytical reagents) like
dichloromethane, acetonitrile and acetone were purchased from the Himedia. Reagents
like calcium chloride and HPLC grade water were purchased from the SD Fine
Chemicals Ltd., Mumbai.

3.3. Glass and plastic wares

Erlenmeyer flasks, round bottom flasks, beakers, funnels, volumetric flasks,
test tubes, separating funnel, petri-plates, micro-centrifuge tubes, pipette tips etc. were
locally purchased. 0.45 p PTFE filter used for filtration was purchased from Rankem
India Itd.

3.4. Soil

Soil from ICAR-Indian Grassland and Fodder Research Institute farm was
collected from the 0-15 cm depth, dried in shade, ground, sieved through 2 mm sieve
and stored in polythene bags which was further placed in metallic container at room
temperature. The physico-chemical properties of the soil (Table 3.1) were determined
using standard analytical procedures: pH was measured at 1:1.25 soil to water ratio
using Control Dynamics pH meter (Systronics pu pH system 361)) equipped with

calomel glass electrode assembly (Jackson, 1967); organic carbon (OC) content through
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Walkley and Black method (Black, 1965); and soil mechanical fractions using the
Bouyoucos hydrometer method (Jackson, 1967).

Table 3.1. Physico-chemical properties of the soil

Location Name OC%  Sand Silt% Clay% EC pH
% (dS/m)

ICAR-  Sandy  0.65 58 30 12 0.18 7.40

IGFRI loam

Farm soil

3.5. Preparation of standard solution

Imazethapyr (51.02 mg, 98% purity) was weighed, transferred into a 50 mL
capacity volumetric flask and dissolved in ~5 mL acetonitrile (HPLC grade). The
volume was made up to the mark with additional acetonitrile. This gave a stock
solution of 1000 pg mL™.

Working standard solutions of lower concentrations were prepared from the
stock solution by serial dilution. One millilitre of the primary stock solution (1000 pg
mL?1) was taken in a 10 mL volumetric flask and volume was made up with
acetonitrile to give a standard solution of 100 png mL™ concentration. Similarly, serial
dilution was done to get working standards of lower concentration. Standard curve of
atrazine was prepared using serial dilutions method from 100 pg mL™*to make 0.1, 1,

2,4, 6, 8 and 10 pg mL* respectively.
3.6. High performance liquid chromatography (HPLC) analysis

Imazethapyr was analyzed using HPLC (Young Ling 9100 HPLC System)
equipped with Vacuum Degasser , Binary Pump, PDA detector and using Reverse
phase Chromatopak 30 cm C-18 stainless steel column [250 mm x 4 mm (i.d.)],
acetonitrile: 0.1% aqueous o-phosphoric acid (55:45) as a mobile phase at a flow rate
of 1 mL min at wave length of 250 nm. Under these conditions the retention time of

imazethapyr was 2.88 min.
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3.7. Recovery experiments and detection limit of instrument
3.7.1. Recovery of imazethapyr from water

Recovery of imazethapyr was done at two fortification levels in triplicate for 5
and 0.5 ug ml. For this, 50 mL oak ridge tube was taken and requisite amount (for 5
and 0.5 pg mL™* an amount of 1.25 mL and 0.125 mL of 100 pg mL™* working standard
solution in acetone) amount of imazethapyr was added into it. The samples were then
left for 30 minutes to evaporate solvent and then 25 mL of water was added into it.
Further, tubes were shaken on horizontal shaker for 30 minutes. As a control, 2 mL each
of water mixed - imazethapyr was taken. Further, pH of 20 ml sample was reduced to 2
using 6 N hydrochloric acid (HCI) and then 10 mL of sample was extracted using 10 mL
of dichloromethane (DCM) to partition. The organic fraction was taken out from
separatory funnel dried over anhydrous sodium sulphate. The aqueous fraction was
again extracted using 10+10 mL DCM and further dried over anhydrous sodium
sulphate. The three organic fraction was mixed and was dried at room temperature. The
residue was re-dissolved in 2 mL of acetonitrile and further proceeded for high
performance liquid chromatography (HPLC) analysis. On the basis of results obtained,
92.12% and 94.08% of imazethapyr were recovered (Table 3.2) (Sondhia, 2008).

Table 3.2. Recovery of imazethapyr from water

Fortification Imazethapyr recovered (ug ML)
(Mg mL™) R1 R2 R3 Mean+SD
(% recovered)
0.385 0.373 0.328 0.363 0.355+0.024
(92.12%)
4.874 4.639 4.445 4.672 4.585+0.123
(94.08%)
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3.7.2. Recovery of imazethapyr from soil

Recovery of imazethapyr was done with modified QUEChERS (Quick, Easy,
Cheap, Effective, Rugged and Safe) as depicted by Marinho et al., 2019 with slight
modifications. The recovery of imazethapyr was done at two fortification levels in
triplicate for 5 and 0.5 pg ml*. 5 g of soil was taken in 50 mL oak ridge tube and
requisite amount (for 5 and 0.5 pg mL™* an amount of 0.25 mL and 0.025 mL of 100
ng mL™ working standard solution in acetone) of imazethapyr was added into it. Then
tubes were left for half an hour for evaporation of solvent. Soils were thoroughly
mixed and 1.5 mL of distilled water, 10 mL of HPLC grade acetonitrile (ACN), 4 g of
anhydrous magnesium sulphate (MgSOs), 1 g fine ground sodium chloride (NaCl), 1g
tri sodium citrate dihydrate (Na3CsHs0O7.2H20) and 0.5 g disodium hydrogen citrate
(Na2CsHeO7.1.5H20) were added to each tubes and vortexed for 5 min. Further,
samples were centrifuged at 5000 rpm (1396 x g) for 5 min and 1 mL of sample from
each tube was withdrawn for imazethapyr analysis. Simultaneously, another 1 mL of
supernatant sample was taken in 2 mL centrifuge tube and 150 mg of anhydrous
MgSO4 and 50 mg of primary secondary amine (PSA) were added. The sample was
vortexed and centrifuged at 10000 rpm (5585 x g) for 5 min. The supernatant were
separated and analyzed for imazethapyr by HPLC. Results of recovery study are
shown in Table 3.3 and suggested that recovery of imazethapyr without and with PSA
85.37% & 87.81% and 40.00% & 49.58% for 0.5 and 5 pg mL™, respectively. Thus,
addition of PSA significantly decreased imazethapyr recovery (Saha et. al., 2014).

3.8. Biochars

3.8.1. Preparation of biochars

Weed biomass of Parthenium hysterophorus L. and Lantana camara L. were
collected from Central Research Farm, ICAR-Indian Grassland and Fodder Research
Institute, Jhansi- 248 003 (U.P.), India. The biomass of both weeds was cut into small
pieces (30-50 mm) and used for preparation of biochar. All biomass was heated at a
temperature of ~ 400 °C for 2 hours in a cylindrical low cost portable biochar kiln, using
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Table 3.3. Recovery of imazethapyr from soil

Fortification Imazethapyr recovered (ug mL™?)
(Mg mL™) Without PSA
R1 R2 R3 MeanSD
(% recovered)

0.385 0.352 0.311 0.323 0.329+0.210
(85.37%)

4.874 4.211 4.019 4.61 4.280+0.301
(87.81%)

With PSA

0.385 0.153 0.185 0.124 0.154+0.031
(40.00%)

4.874 2.159 2.647 2.443 2.416+0.245
(49.58%)

the methodology as described by Venkatesh et al. (2018). After cooling, the biochar was

crushed manually and ground to pass through a 2 mm sieve.
3.8.2. Characterization of biochar/FYM

Biochars were characterized for pH, electrical conductivity, water holding
capacity (Keen and Raczkowski, 1921), bulk density (Veihmeyer and Hendrickson,
1948), cation exchange capacity (Mukherjee et al., 2011) total carbon, nitrogen,
phosphorus and potassium. Total carbon in biochar was determined wet oxidation
diffusion method (Snyder and Trofymow, 1984). Total nitrogen, phosphorus and
potassium were determined by di-acid digestion method (Gupta, 2007). Point of zero

charge was determined as per Trivedi et al. (2016).
3.8.2.1. Point of zero charge (pHpzc)

The point of zero charge (pHpz) is the pH at which the electrical surface charge

of biochar is zero. The 0.1N KNOs aqueous solution (45 mL) was taken in a series of

27



100 mL Erlenmeyer flasks and the pHo values were roughly adjusted from 2 to 12 by
adding either 0.1 N HCI or 0.1 N NaOH. Finally, volume in each flask was made to 50
mL by adding KNOs solution of the same and initial pH (pHo) value of the solution was
accurately noted. Then, 1 g of each biochar (PB or LB) was added to each flask and
maintained in an isothermal condition. The flasks were closed and shaken at 30°C in an
orbital incubator shaker. The final pH (pHs) values of the fluid were noted after 48h
incubation and the difference between the pHo and pHs gave A pH, which was plotted
against pHo values. The point at which the curve crosses the line pHo = pHs gave the

PHpzc.
3.9. Kinetics studies

The kinetics of imazethapyr in sandy loam soil were studied by batch sorption
method. To study Kinetics of imazethapyr sorption in sandy loam soil (5 g, oven dry
basis) alone and with 0.2% & 0.5% each of Parthenium biochar (PB), Lantana biochar
(LB) and farm yard manure (FYM) was taken in 50 mL oak ridge tubes. A
fortification level of 5 pg mL* imazethapyr was done for all the treatments using
working standard solution of 100 pug mL™ concentration in acetone and solvent was
evaporated. Further, 0.01 M CaCl, (10 mL) was added into each tube and no herbicide
controls were also maintained as each treatment was replicate thrice. Samples were
equilibrated for different time period viz:, 0, 15, 30 min, 1, 2, 4,8 ,12, 24 and 48 h for
imazethapyr sorption. After equilibration, soil suspension was centrifuged using Remi
C24 centrifuge at 5000 rpm (1396 x g) for 5 min. imazethapyr residues in the
supernatant were quantified using the HPLC. The amount of herbicide that are
adsorbed by the sorbent was calculated using the difference of initial and final
concentration of the herbicide in the supernatant. Also, calculation of mass balance
indicated that there were no sorption of herbicides on tube surface and they were

stable during the equilibration period.
3.10. Adsorption-desorption studies
Adsorption of imazethapyr in sandy loam soil was studied using batch method.

Adsorption of imazethapyr was studied at 1:2 soil:solution ratio. Sandy loam soil (5 g,

28



oven dry basis) alone and with 0.2% & 0.5% each of Parthenium biochar (PB),
Lantana biochar (LB) and farm yard manure (FYM) and 0.01 M CaCl; solution of
imazethapyr (10 mL) were mixed in 50 mL oak ridge test tubes. The initial
concentrations of imazethapyr used for sorption study were 1, 2, 3, 4 and 5 ug mL™.
Sorption of each concentration was replicated three times. For every treatment blanks,
one without soil and other without imazethapyr, were maintained as control. Tubes
containing samples were equilibrated on an orbital shaker for 24h at room temperature.
After equilibration, the soil suspension was centrifuged at 5000 rpm (1396 x g) for 5
min and imazethapyr residues were quantified using HPLC with prior filtration
through 0.45u PTFE syringe filter. The amount of herbicide adsorbed by the sandy
loam soil/soil-amendment mixture (PB, LB and FYM) was calculated from the

difference of initial and final concentration of herbicide in the supernatant.

Desorption of imazethapyr was studied in the same soil as used for the
adsorption and only two concentrations (highest & lowest) of pesticide were used for
desorption. After adsorption 5 mL of sample was withdrawn from the every tube and
same 5 mL of fresh 0.01 M CaCl, solution were added. Tubes were again shaken to
attain equilibrium. After equilibration, the soil suspension was centrifuged at 5000 rpm
(1396 x g) for 5 min and 5 mL of supernatant was removed and replaced with fresh 5
mL of 0.01 M CaCl; solution. A total of three desorption cycles were performed for one
sample. Imazethapyr residues were quantified in the supernatant solution after each
desorption and amount of imazethapyr desorbed by the soil/soil-amendment mixture
was calculated from the difference of initial and final concentration of herbicide in the

supernatant.
3.11. Theory
3.11.1. Model Validation Criteria

Partition coefficient (Kq): The Kgq values for herbicide adsorption on the sandy loam soil

was calculated from the equation:

Kq = 9¢/Ce
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The adsorption models, which predicted the imazethapyr adsorption in
approximation to the observed partition coefficient, were short listed and were further
analyzed for the best suited model.

The adjusted coefficient of determination (r’adj): A measure of the variability of the

non-linear model is explained by the r?agjvalues.

n—1
n—p

reagj=1-(1-72).—)

3.11.2. Temporal adsorption kinetics models

In the kinetic models, it is normally assumed that the overall rate of adsorption is
exclusively controlled by the adsorption rate of the solute on the surface of the
adsorbent, and the intraparticle diffusion and external mass transport can be neglected.
Moreover, it is considered that the adsorption rate of a solute on the surface can be
represented in the same manner as the rate of a chemical reaction (Ocampo-Perez et al.,
2011). The adsorption kinetics is modeled using pseudo-first-order (PFO) (Lagergren,
1898), pseudo-second order (PSO) (Ho and McKay, 1999; Ho, 2004) modified Elovich
(Chien and Clayton, 1980) and intra-particle diffusion (IPD) models (Weber and Morris,
1963). The kinetics of adsorption process for the boundary conditions t=0 to t=t and gt
=0 to g= qt. The parameter g is the amount of pesticide adsorbed at equilibrium (mg kg

1y and g is the amount of pesticide adsorbed at time t (mg kg™).

The Lagergren pseudo-first order model: This model considers that the rate of
change of pesticide uptake with time is directly proportional to difference in amount of

solute adsorbed at equilibrium time. It is expressed by following equation

dqt

a K1{qe — qt}

After integration and linearization the above equation becomes

K1
Log{ge — qt} = logqe - {m} t
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K1 is Lagergren rate constant of the pseudo first order adsorption (h™*) and can be

determined from the slope of the plot of log (ge -qt) versus time.

Irreversible pseudo-second-order model: The pseudo second order kinetics model is

expressed by following equation

dqy 2
-a;-—-Kz{qe-qt}

After integration and linearization following equation is obtained

t _ 1 +{1}t
at Kaqe?  lqe

K, = Rate constant for pseudo second order adsorption (Kg mg™* h?) can be

determined experimentally from the slope and intercept of t/gt versus t plot.

The modified Elovich model equation: The Elovich equation is expressed as follows:

dqt
P exp(—fqt)

o, =Initial sorption rate (mg Kg ' h™)
B=Desorption constant (Kg mg™!)

To simplify the Elovich equation, it has been assumed that ae fet >>1 (Chien
and Clayton, 1980) and above equation becomes
1

qt = 3 In(ap) + %ln t

The constants o and Bwere calculated from the graph plotted between gt and Int.

Intra-particle diffusional model: It is well documented in the literature that the overall
adsorption rate in a porous adsorbent must consider the three following steps: surface
adsorption and external diffusion (boundary layer diffusion), gradual adsorption step

where the intra-particle diffusion is rate controlled and adsorption on an active site
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inside the pores or the final equilibrium step where the intra-particle diffusion starts to
slow down due to the low solute concentration in the solution. The overall rate of
adsorption is controlled by either film or intra-particle diffusion, or a combination of

both mechanisms.

The rate parameter for intra-particle diffusion was determined using following

equation:

1
qt = Kil’lt X texp (E)] +C

C = Intercept

Kint = Intra-particle diffusion rate constant (mg Kgth"2)

The intercept (C) and rate constant (Kint) were calculated from the graph plotted

between gt and t*2.
3.11.3. Adsorption desorption models

Mathematical equations fitted to isotherm data to summarize the relationship between
equilibrium concentration, amount adsorbed/desorbed and other parameters including

thermodynamic parameters.
3.11.3.1. Calculation of amount of pesticide adsorbed

The amount of herbicide adsorbed on adsorbate after equilibrium was calculated
as the difference between the initial and final equilibrium solution concentrations by the

following equation
= (Ci —Ce) X
qge = (Ci e) X (=)

e = Amount of herbicide adsorbed by adsorbate (mg Kg™) at equilibrium
Ci = Initial aqueous concentration of herbicide
Ce = Final aqueous concentration of herbicide

v = Solution volume (mL)
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m = Mass of the soil (g)

Table 3.4. Lists of adsorption isotherms models analyzed for optimization studies.

Isotherms Nonlinear form Reference

2-Parameter

Langmuir QobCe Langmuir, 1916
Te =13 b.C,
- 1 .
Freundlich q, = KpCe /n Freundlich, 1906
Temkin RT Temkin & Pyzhev, 1940
de = b In ATem Ce
Tem

3.11.3.2. Linear form of adsorption isotherms

Nonlinear Freundlich isotherm can be converted in to linear form by logarithm of

nonlinear equation as depicted in table 3.4:
1
logqe = logKF + ElogCe

The Freundlich constants Kr and 1/n were determined from intercept and slope of

Freundlich isotherm obtained by plotting log ge vs. log Ce.

A desorption hysteresis coefficient (H) was calculated as the ratio between
desorption and adsorption isotherm slopes and indicates the greater or lesser

irreversibility of adsorption.

1 1
H_

B Ndesorb  Madsorb
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A value of 1 means that desorption proceeds as fast as adsorption does and no
hysteresis occurs. However, a value of H<1 indicates that the rate of desorption is
slower than the rate of adsorption and hysteresis takes place (Pusino et al., 2004). In

case of H>1, greater desorption or negative hysteresis takes place.

The nonlinear form of the Langmuir equation can be linearized and represented

by the following equation

1 1 1

=—+
ge Qo QobLCe

bL = Langmuir adsorption/desorption constant ((L mg™)
Qo = Maximum monolayer coverage capacity (mg g?)

Isotherm constants were calculated from the graph plotted between 1/ge and

1/Ce and constants were calculated.
The linearized form of the Temkin isotherm is expressed as follows

Where, B = RT/bTem

Arem = Temkin isotherm equilibrium binding constant (L g*)
btem = Temkin isotherm constant

R = Universal gas constant (8.314 J K’ mol ™)

T = Temperature (K)

B = Constant related to heat of adsorption/desorption (J mol™?)
Isotherm was plotted between ge and In Ce and constants were calculated.
3.11.3.3. Thermodynamic studies

The Gibb’s free energy (AG) denotes spontaneity of the reaction. If (AG) for a

reaction is negative than the reaction will be spontaneous and these reactions are
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occurred naturally in the environment and vice versa. The AG is used as a measure of
the extent of the driving force in the adsorption process. The greater the absolute
magnitude of AG, the greater is the extent to which the adsorption reaction may take

place. The AG for sorption was calculated using the Kr values with following equation:
AG = —RTInKg
where,

AG = The Gibb’s free energy change (KJ K™ mol?)

Kr = Freundlich constant

R = Universal gas constant (8.314 x 10 KJ K'* mol™)
T = Absolute temperature (K)

3.12. Effect of biochar/FYM on leaching behavior of imazethapyr in soil packed

columns

Columns [sandy loam soil- 300 mm (I) x 59 mm (i.d.), were formed using
polyvinyl chloride (PVC) pipes, which was fixed upon Buchner funnel fitted with 60
um nylon membrane to reduce the dead end volume. Columns (in duplicate) were
packed by adding small portion of soil (around 50 g) and compacting the soil with equal
force through iron rod fitted with flat iron bottom so as to get the columns of uniform
packing. The columns were packed to a bulk density of 1.38 kg L™ for control soil
where no amendments were used soil. The pore volume of the control sandy loam soil
which was determined using the difference of mass of the soil in fully saturated column
and oven dry mass of the soil was 411 mL. To study the effect of biochar/FYM
amendment on the leaching behavior of imazethapyr, PB, LB and FYM was mixed
thoroughly at 0.2% & 0.5% level to soil in the upper 15 cm (plough layer) section of the
sandy loam soil column. The pore volume and bulk densities of sandy loam soil and soil

with amendments were shown in table 3.5.
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Table 3.5. Pore volume and bulk density of soil/soil+PB/soil+LB/soil+FYM filled in

column
Amendment Pore volume Bulk density
(mL) (KgL™)

Soil alone 411.41 1.383
0.2% PB 389.54 1.384
0.5% PB 387.86 1.386
02% LB 374.75 1.384
05% LB 395.50 1.386

0.2% FYM 389.36 1.384

0.5% FYM 371.12 1.386

One day before the imazethapyr application the columns were pretreated with 400 mL
of distilled water to minimize the variation in the soil water content between the
columns. The water was allowed to drain naturally. 50 pg of imazethapyr was applied to
the column surface in 0.1 mL of acetone in a drop wise manner so as to cover the entire
column surface. After application of imazethapyr the columns were left overnight.
Before leaching, the column surface was covered with 0.5 cm thick layer of acid washed
sand (DOC free) to minimize the disturbance of soil surface and to allow even
distribution of water. One day after herbicide application, the columns were leached
with 365 mL (118 mm rainfall) distilled water. The water was applied on the column
surface and the natural drainage was allowed. This application rate allowed a water head
of approximately 1 cm on the soil surface throughout the leaching. The leachate
fractions were collected in approximately 50 mL portions and were analyzed of

imazethapyr residues using HPLC.
3.13. Effect of biochar/FYM on dissipation behavior of imazethapyr

Degradation of imazethapyr in sandy loam soil was studied under field capacity
condition at 27£2 °C in laboratory conditions. The soil (50g) or 0.2 and 0.5% PB, LB
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and FYM mixed soils were taken in 250 mL sterilized Erlenmeyer flask and samples
were supplemented with sterile distilled water so as to maintain 60% water holding
capacity. Samples were fortified with 3 pg g? imazethapyr in 0.1 mL acetone.
Imazethapyr untreated samples were served as control. Each treatment was replicated
thrice and water lost during incubation in BOD was maintained by adding water every
week. The soil samples for imazethapyr degradation were withdrawn at regular intervals

for further extraction and analysis through HPLC.
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4. RESULTS AND DISCUSSION

4.1 Characterization of biochar and farm yard manure

The Parthenium biochar (PB), Lantana biochar (LB) and farm yard manure

(FYM) where characterized for its physio-chemical properties (Table 4.1).

Table 4.1: Characterization of Parthenium biochar (PB), Lantana biochar (LB) and
farm yard manure (FYM)

Parameters Parthenium Lantana Farm yard
biochar biochar manure

pH (1:5 Biochar: water 9.52 10.25 7.80
suspension)
Electrical conductivity 7.5 8.5 1.80
(dS/ m)
Water holding capacity 550 425 -
(%)
Bulk density ( Mg/ m®) 0.38 0.47 0.36
Cation exchange 30.5 27.5 -
capacity (cmol (p+)/ kg)
Total carbon (%) 33 35 15.45
Total nitrogen (%) 2.02 2.25 1.25
Total phosphorus (%) 0.27 0.35 1.2
Total potassium (%) 1.59 1.95 0.74
Point of zero charge 8.85 9.87 -

Both biochars (Figure 4.1) are of alkaline nature with LB having slightly higher pH
than PB whereas FYM is almost neutral in nature. Similar effects are seen for electrical
conductivity, total C%, N%, P%, K% and point of zero charge (Table 4.1). The point
of zero charge (pHzc) is a measure of charge on adsorbent of both biochars did not
show much variation (PB — 8.85; LB -9.87). At pH < pHg., the surface of the
adsorbent is positively charged and favours the uptake of negatively charged adsorbate

with the increased electro-static force of attraction, besides at pH > pHzp, the surface
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becomes negatively charged and preferable for adsorption of positively charged
adsorbate. The alkaline pHzc of biochars can be depicted to the presence of alkali
metal oxides. The pHzpc has an important role in influencing the sorption of ionizable
or polar herbicides. Sorption of negatively charged molecules are favored when pH <
pHzpc because of the positive charged, whereas when pH > pHzpc, the surface were
negatively charged and was favorable for positively charged molecule adsorption of
(Deokar and Mandavgane, 2015). The cation exchange capacity and water holding
capacity is higher for PB when compared with LB. % C was nearly half for FYM when
it is compared with biochars. This may be the reason for low sorption of imazethapyr

as compared to others.

Figure 4.1. Lantana biochar(A) and Parthenium biochar (B) before (I) and after

grinding and sieving (1)

4.3. Kinetics of imazethapyr adsorption

The kinetics of imazethapyr adsorption was studied in the sandy loam soil of
Bundelkhand region, with various treatment combinations viz. soil alone, 0.2% and
0.5% each of PB, LB and FYM with sandy loam soil. The results of kinetics study
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showed that for all treatments used for kinetics study rate of adsorption was increased
with increase in the contact time with adsorbent, which decreased drastically after half
an hour of shaking in orbital shaker (Table 4.2). The adsorption rate for all treatments
proceeded at faster rate during first half hour. The % sorption at half an hour shaking
for control, 0.2% PB and 0.5% PB were 8.46%, 6.82% and 10.29% respectively (Table
4.2 & 4.3). Similarly, % sorption at half an hour shaking for 0.2% LB & FYM and
0.5% LB and FYM mixed sandy loam soil were 10.99%, 4.11%, 16.57% and 5.40%
respectively (Table 4.4 & 4.5). The rate of imazethapyr adsorption decreases as the
time progress and achieved nearly constant value after lapse of 24 h. At equilibration
time i.e. after 24 h of shaking % sorption where 17.68%, 21.85% & 26.77% for sandy
loam soil alone, 0.2% PB mixed and 0.5% PB mixed sandy loam soil respectively
(Table 4.2 & 4.3). Whereas, for 0.2% and 0.5% LB and FYM amended sandy loam
soil adsorption % where 26.91%, 15.28%, 34.45% and 20.50% respectively (Table 4.4
& 4.5). Thus, 24h equilibration was considered as the equilibration time for
imazethapyr adsorption in all the treatment combination with soil.

Table 4.2. Temporal Kinetics of imazethpyr sorption in soil alone

Time Imazethapyr recovered in solution (ug mL1)
(h) Control (Soil alone)

R1 R2 R3 Mean+S.D.

(% sorbed)

0 2.81 2.78 2.80 2.80+0.017
(0.00)

0.25 2.58 2.63 2.61 2.61+0.024
(6.85)

0.5 2.57 2.60 2.52 2.56+0.036
(8.46)

1 2.51 2.53 2.52 2.52+0.009
(9.99)

2 2.48 2.51 2.50 2.50+0.015
(10.74)

4 2.48 2.49 2.48 2.48+0.006
(11.31)

8 2.43 2.43 2.41 2.42+0.013
(13.46)

12 2.39 2.39 2.39 2.39+0.002
(14.67)

24 2.34 2.32 2.32 2.33+0.010
(16.86)

48 2.30 2.29 2.32 2.30+0.013
(17.68)
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Table 4.3. Temporal kinetics of imazethpyr sorption in 0.2% and 0.5% PB mixed

sandy loam soil

time Imazethapyr recovered in solution (ug mL™1)
(h) 0.2 % PB 0.5 % PB
Rl R2 R3 MeantS.D. R1 R2 R3 Mean#S.D.
(% Sorbed) (% Sorbed)
0 3.80 3.83 3.85 3.82+0.026 380 383 385 3.82+0.026
(0.00) (0.00)
0.25 353 358 356 3.56+0.025 358 352 352  3.54+0.037
(6.93) (7.39)
05 359 354 356 3.56+0.023 344 341 345  3.43%0.021
(6.82) (10.29)
1 3.45 350 342 3.46+0.043 337 339 339 3.38+0.009
(9.62) (11.49)
2 3.46 344 342 3.44+0.017 336 337 332  3.35%0.027
(10.06) (12.33)
4 3.27 320 3.24 3.24+0.036 3.19 322 317  3.19+0.026
(15.27) (16.53)
8 3.34 320 319 3.24+0.081 310 310 3.15  3.1240.027
(15.22) (18.49)
12 3.17 314 320 3.17+0.028 3.01 306 3.00 3.02+0.035
(17.11) (20.90)
24 3.09 3.06 3.08 3.08+0.013 296 288 291  2.92+0.040
(19.52) (23.72)
48 3.05 299 292 2.99+0.061 284 275 281  2.80+0.042
(21.85) (26.77)

Table 4.4. Temporal kinetics of imazethpyr sorption in 0.2% and 0.5% LB mixed

sandy loam soil

time Imazethapyr recovered in solution (ug mL™?)
(h) 0.2%LB 0.5% LB
R1 R2 R3 Mean+S.D. R1 R2 R3 Mean+S.D.
(% Sorbed) (% Sorbed)
0 361 352 3.62 3.58+0.052 361 352 3.62 3.58+0.052
(0.00) (0.00)
0.25 327 326 325 3.26+0.011 3.08 3.03 3.02 3.04+0.032
(9.01) (15.10)
05 319 319 319 3.19+0.002 3.00 3.00 297 2.99+0.014
(10.99) (16.57)
1 317 310 311 3.13+0.034 290 288 287 2.88+0.018
(12.75) (19.52)
2 3.03 302 3.04 3.03+0.011 281 281 278 2.80+0.018
(15.33) (21.90)
4 290 289 294  2.91+0.026 264 269 2.66 2.67+0.027
(18.75) (25.60)
8 287 290 286  2.88+0.020 262 256 260 2.59+0.032
(19.74) (27.65)
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12 280 275 2.83 2.80+0.043 244 250 249 2.48+0.030

(21.97) (30.86)
24 271 270 272 2.71+0.009 245 239 241  2.42+0.029
(24.45) (32.53)
48 264 259 263 262:0026 236 235 233  2.35:0.017
(26.91) (34.45)

Table 4.5. Temporal kinetics of imazethpyr sorption in 0.2% and 0.5% FYM mixed
sandy loam soil

time Imazethapyr recovered in solution (ug mL™)
(h) 0.2% FYM 0.5% FYM
R1 R2 R3  MeantS.D. R1 R2 R3 MeanzS.D
(% Sorbed) (%Sorbed)
0 319 311 318 3.16+0.040 319 311 3.8 3.16+0.040
(0.00) (0.00)
025 3.07 3.08 310 3.08+0.016 3.06 3.07 3.06 3.07+0.003
(2.39) (2.96)
05 308 301 3.00 3.03+0.043 299 3.01 297 2.99+0.023
(4.11) (5.40)
1 298 297 298 298+0.004 292 287 295 2.91+0.037
(5.77) (7.83)
2 295 296 293 295+0.017 290 289 2.89 2.89+0.008
(6.65) (8.38)
4 286 287 288 287+0.008 279 281 277 2.79+0.023
(9.14) (11.67)
8 279 281 281 281+0.009 275 272 272 2.73+0.019
(11.19) (13.56)
12 278 278 278 2.78+0.002 261 260 2.63 2.61+0.172
(12.02) (17.24)
24 272 273 268 2.71+0.023 255 260 261 2.59+0.033
(14.27) (18.04)
48 270 264 2.69 2.68+0.031 255 248 250 2.51+0.038
(15.28) (20.50)

Further, the kinetics data were fitted to the linear form of the pseudo first order, pseudo
second order, modified Elovich and the intraparticle models and constants for the
Kinetics of imazethapyr adsorption in various treatment combinations viz. sandy loam
soil alone, 0.2% & 0.5% PB, 0.2% and 0.5% LB and 0.2% & 0.5% FYM with sandy
loam soil were calculated (Figure 4.2, 4.3 and 4.4; and Table 4.6). Among the three
kinetics models fitted, the values for r?ag were highest for the pseudo second order
model (Soil alone —0.995; Soil+ 0.2% PB- 0.992; soil + 0.5% PB- 0.991, Soil+ 0.2%
LB- 0.994; soil + 0.5% LB- 0.998, Soil+ 0.2% FYM- 0.994; soil + 0.5% FYM- 0.989).
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Figure 4.2. Linear plots of pseudo-first-order (PFO), pseudo-second order (PSO),
modified Elovich and intra-particle diffusion (IPD) models for imazethapyr in control,

0.2% and 0.5% PB-mixed sandy loam soil.
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Figure 4.3. Linear plots of pseudo-first-order (PFO), pseudo-second order (PSO),
modified Elovich and intra-particle diffusion (IPD) models for imazethapyr in control,

0.2% and 0.5% LB -mixed sandy loam soil.
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Figure 4.4. Linear plots of pseudo-first-order (PFO), pseudo-second order (PSO),
modified Elovich and intra-particle diffusion (IPD) models for imazethapyr in control,
0.2% and 0.5% FYM -mixed sandy loam soil.

A best fit to the PSO kinetic model indicated that rate of adsorption was dependent
more on the availability of the adsorption sites than on the concentration of the
pesticide in solution (Liu, 2008). The intra particle diffusion graph was not passing
through the origin suggesting that intraparticle diffusion was not the only rate
determining step and the boundary layer diffusion might also affected adsorption to
some degree. Establishing the linear fitting of the kinetics data in PFO, PSO and the
modified Elovich models suggested that the PSO model was best explained model for
imazethapyr adsorption in the PB/LB/FYM-mixed sandy loam soil. The PSO model
suggests that the adsorption rate is dependent more on the availability of the adsorption

sites than on the concentration of the herbicide in solution.
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Table 4.6. Rate constants k (min?), k2 (Kg mg™® min™), model parameters and r?aqj of the studied kinetic models for imazethapyr in

control, 0.2% and 0.5% PB, LB and FYM mixed sandy loam soil following linear fitting of model

Pseudo-First Order

Pseudo-Second Order

Modified Elovich

Intra-Particle diffusion

Adsorbent g cal e, exp % I’ adj Qe cal e, exp ko I adj OE Be I? adj ki C r? adj
Soil alone  0.408 0.946 0.038 0.541 1.003 0.946 0.789 0.995 0.279 7.215 0.617 0.116 0.341 0.724
0.2% PB 0.751 1.495 0.071 0.822 1.687 1.495 0.338 0.992 0.687 3.799 0.746 0.214 0.429 0.809
0.5% PB 0.898 1.817 0.058 0.734 2.067 1.817 0.261 0.991 0.828 3.146 0.753 0.262 0.513 0.837
0.2% LB 0.779 1.755 0.057 0.716 1.941 1.755 0.364 0.994 0.656 3.460 0.698 0.236 0.587 0.764
0.5% LB 0.880 2.335 0.072 0.701 2.489 2.335 0.417 0.998 0.661 2.910 0.587 0.184 0.632 0.857
0.2% FYM 0.955 0.903 0.047 0.681 0.992 0.903 0.491 0.994 0.660 5.675 0.858 0.138 0.184 0.850
0.5% FYM 0.939 1.142 0.063 0.588 1314 1.142 0.378 0.989 0.904 4.283 0.856 0.184 0.232 0.857




4.4. Adsorption-desorption studies of imazethapyr

4.4.1. Adsorption

Adsorption of imazethapyr with various treatments viz. sandy loam soil alone,
0.2% & 0.5% PB, 0.2% and 0.5% LB and 0.2% & 0.5% FYM with sandy loam soil
was studied at 1:2 adsorbent:solution ratio at five different concentrations of
imazethapyr varying in between 1 and 5 pg mL™. Results showed that in soil alone

I.e. where no any amendments used in sandy loam soil showed adsorption in the range

9.82% to 14.66% (Table 4.7). Whereas, 0.2% and 0.5% PB mixed sandy loam soil

Table 4.7. Adsorption of imazethapyr in Parthenium biochar (PB) mixed sandy loam

soil
Initial Equilibrium conc. (ug mL™?) Amount %
conc. sorbed  Adsorption
(Mg mL?Y) R1 R2 R3 Mean#S.D (Mg g™)
Control
1.050 0.918 0.913 0.922 0.918+0.0045 0.348 12.60
1.962 1.622 1641 1647 1.637+0.0131 0.548 16.58
2.949 2.654 2661 2.663 2.659+0.0047  0.748 9.82
4.241 3639 3.606 3.612 3.619+0.0176  1.005 14.66
5.123 4494 4499 4493 4.495+0.0032 1.255 12.25
0.2% PB
1.398 1.104 1108 1.137 1.116+0.0180  0.685 20.14
2.537 1.999 1998 2.037 2.011+0.0222 1.051 20.72
4.049 3.384 3380 3.353 3.372+0.0169 1.353 16.71
5.555 5239 4582 4.661 4.827+0.3587 1.748 13.10
7.019 5992 5850 5973 5.938+0.0771 2.161 15.39
0.5% PB
1.398 1.009 0.865 0.988 0.954+0.0778  0.888 31.75
2.537 1.837 1903 1.798 1.846%0.0531 1.382 27.23
4.049 3.030 3.028 3.042 3.033+0.0076 2.031 25.08
5.555 4284 4295 4104 4.228+0.1072 2.655 23.89
7.019 6.155 5.619 5498 5.757+0.3497 2.956 17.97
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shows adsorption range 13.10% to 20.72% and 17.97%-31.75% respectively (Table
4.7). Similarly 0.2% and 0.5% LB mixed sandy loam soil showed adsorption range of
17.97%-38.38% and 29.21% - 51.21% respectively (Table 4.8). In case of 0.2% and
0.5% FYM mixed sandy loam soil adsorption ranges between 29.32-44.42% and
36.20-45.68% respectively (Table 4.9). Low adsorption of imazethapyr may be due to

Table 4.8. Adsorption of imazethapyr in Lantana biochar (LB) mixed sandy loam soil

Initial Equilibrium conc. (ug mL™?) Amount %
conc. sorbed  Adsorption
(MgmLY) R1 R2 R3 Mean+S.D (Mg g™
Control
1.050 0918 0913 0.922 0.918+0.0045  0.348 12.60
1.962 1622 1641 1647 1.637+0.0131  0.548 16.58
2.949 2.654 2661 2.663 2.659+0.0047 0.748 9.82
4.241 3.639 3.606 3.612 3.619+0.0176 1.005 14.66
5.123 4494 4499 4493 4.495+0.0032 1.255 12.25
0.2% LB
1.398 0.842 0921 0.821 0.861+0.0527 1.073 38.38
2.537 1953 1957 2.030 1.980+0.0433 1.421 21.95
4.049 3465 3161 3.214 3.280+0.1624 1.738 18.99
5.555 4582 4385 4560 4.509+0.1079  2.092 18.82
7.019 5.637 5789 5847 5.758+0.1084  2.523 17.97
05% LB

1.398 0.655 0.708 0.683 0.682+0.0265 1.432 51.21
2.537 1.712 1538 1390 1.547+0.1612 1.981 39.03
4.049 2.618 2587 2567 2.591+0.0257 2.917 36.01
5.555 3.792 3907 3.816 3.838+0.0607 3.433 30.90
7.019 4710 5.183 5.012 4.968+0.2395 4.101 29.21
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Table 4.9. Adsorption of imazethapyr in FYM mixed sandy loam soil

Initial Equilibrium conc. (ug mL™?) Amount %
conc. sorbed  Adsorption
(ngmL?Y) R1 R2 R3 Mean+S.D (Mg o)
Control
1.050 0918 0.913 0.922 0.918+0.0045  0.348 12.60
1.962 1.622 1641 1647 1.637+0.0131  0.548 16.58
2.949 2.654 2661 2.663 2.659+0.0047  0.748 9.82
4.241 3639 3.606 3.612 3.619+0.0176  1.005 14.66
5.123 4494 4499 4493 4.495+0.0032 1.255 12.25
0.2% FYM
1.398 1.027 1049 1052 1.043+0.0137 0.711 25.41
2.537 2369 2378 2192 2.313+0.1049 1.328 8.82
4.049 3.616 3.871 3.735 3.741+0.1276 1.805 7.61
5.555 5.097 5146 5.134 5.126+0.0255  2.403 7.72
7.019 6.625 6.658 6.552 6.612+0.0542  3.241 5.80
0.5% FYM

1.398 1.014 1020 0972 1.002+0.0262  0.792 28.32
2.537 2129 2246  2.239 2.205+0.0656 1.524 13.09
4.049 3.658 3.706  3.637 3.667+0.0354 2.421 9.43
5.555 4915 4924 4937 4.925+0.0111 3.124 11.33
7.019 6.426 6.542 6.669 6.546+0.1215 4.125 6.74

hydrophobicity of the imazethapyr as which is represented by Kow (Octanol water

coefficient) values to depict the sorption of imazethapyr onto biochar/FYM amended

sandy loam soils (Calvet 1989; Ahmad et al. 2001). The Adsorption of imazethapyr is

directly proportional to total carbon of the adsorbate (Loux et al. 1989). Our results of

adsorption also follows same pattern of adsorption i.e. highest adsorption was shown

in LB amended soil because of higher total C% in comparison with other amendments
(PB & FYM). Further, Kibe et al. (2000) suggested that there were no correlation

between the Freundlich adsorption constant and soil organic carbon contents & cation

exchange capacity of the soils. Further, imazethapyr adsorption data were fitted to the

linear form of adsorption isotherms (Freundlich, Langmuir and
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Figure 4.5. Adsorption isotherms for imazethapyr adsorption in the PB (1) and LB (I1)
mixed sandy loam soil [(A) Freundlich (B) Langmuir (C) Temkin isotherm]
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Figure 4.6. Adsorption isotherms for imazethapyr adsorption in the FYM mixed sandy
loam soil [(A) Freundlich (B) Langmuir (C) Temkin isotherm]

Temkin, Figure 4.5 & 4.6) and adsorption constants were calculated (Table 4.10).
Imazethapyr adsorption data were best fitted to the Freundlich adsorption isotherm as,

in general, the value of coefficient of correlation (r?) and the r2aqj were highest for the
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Table 4.10. Adsorption constants for imazethapyr adsorption in control, 0.2% and
0.5% PB, LB and FYM mixed sandy loam soil

Model Para Control 02% 05% 0.2% 0.5% 0.2%  0.5%
meter PB PB LB LB FYM FYM
Kaq 0.248 0291 0445 0.289 0.622 0.440  0.599
Kr 0.923 1064 1586 1099 1.694 1.282 1.484
1/nags  0.789 0.658 0.696 0.435 0.537 0.795  0.877
Freundlich 2 0.994 0.991 0.993 0.994 0.997 0.993  0.999
r’agj  0.992 0.999 0.991 0.995 0.993 0.990  0.999
AG -0.086 -0.093 -0.491 -0.105 -0.589 -0.239 -0.479
Qo 2.749 3400 5.385 2.627 4.785 6.231 12.270
KL 0.156 0.224 0.203 0.762 0.597 0.122 0.068
Langmuir  r? 0.993 0.990 0.994 0.927 0.951 0.993  0.998
r’agg  0.991 0.987 0.992 0.903 0.935 0.991  0.997
Prem 0.545 0.829 1.198 0.718 1.331 1.272 1.708
Temkin Atem 1.817 1845 1977 4349 3.640 1.415 1.337
r 0.939 0.947 0976 0917 0.952 0.908  0.933
I’adj 0.918 0.930 0.967 0.889 0.936 0.877 0.910
AG- Gibbs free energy ((KIJK™ mol™)

Freundlich isotherm. The Kr value for adsorption of imazethapyr in the control soil
(no amendment), 0.2% & 0.5% PB mixed sandy loam soil were 0.923, 1.064 and 1.586
respectively. Whereas, Kr values for 0.2% and 0.5% LB mixed sandy loam soil were
1.099 and 1.694 respectively. Similarly, the values of Krwere 1.282 and 1.484 for 0.2
% and 0.5% FYM were 1.282 and 1.484 respectively. Thus, Kr values increased with
increase in level of the biochar and FYM amendment in sandy loam soil. These results
suggested that amendments (PB, LB & FYM) were significantly effective in
enhancing atrazine adsorption in PB, LB & FYM amendment in sandy loam soil. The
value of slope (1/nags, measure of intensity of adsorption) for control sandy loam soil
where no any amendment was used is 0.789 that suggests L-type of adsorption.
Whereas, for 0.2% and 0.5% PB amended sandy loam soil the values were 0.658 and
0.696 respectively. Similarly, the values of 1/nags were 0.435, 0.537, 0.795 and 0.877
for 0.2% & 0.5% LB and 0.2% and 0.5% FYM amended sandy loam soil (Table 4.10).
Further, the values of 1/nags increased with increasing the amount of amendment (PB,

LB and FYM) suggesting adsorption was shifting towards linearity. This study

51



suggested that imazethapyr adsorption in all amendment combinations have L-type of
adsorption and with increasing the amendment application isotherms shifted towards
the linear isotherm (Kumar et al. 2019).

The effect of soil amendments (PB, LB and FYM) on change in the free energy
(AG) for imazethapyr adsorption was calculated using the equation AG = -RT InKF as
mentioned previously (Table 4.10). The negative values of AG showed that adsorption
of imazethapyr were spontaneous in nature and with increasing the rate of amendment
from 0.2% to 0.5% negative values of AG increases indicating that with increase in
the amendment rate degree of spontaneity increases i.e. ease to complete the work
increases (Kumar et al. 2019).

4.4.2. Desorption

Adsorption reversibility plays a significant role in predicting the mobility of
the herbicides in the soil profile. Desorption of imazethapyr in sandy loam
soil/amendment mixed sandy loam soil was studied at lowest and highest
concentration after adsorption and 3 desorption cycles were performed. The results of
imazethapyr desorbed in sandy loam soil alone / 0.2% and 0.5% each of PB, LB and
FYM mixed sandy loam soil during three desorption cycles are represented in Table
4.11, 4.12 and 4.13. On the basis of results obtained, it is concluded that initial
concentration of imazethapyr affected it’s desorption which decreases with every
proceeding desorption cycle. Percent imazethapyr desorption from the sandy loam soil
alone was 24.992% and 47.888% at the lower and the higher concentration,
respectively. Addition of the amendments to sandy loam soil increased imazethapyr
retention and lower amounts were desorbed. Further, desorption decreased with
increase in the level of PB/LB/FYM amendment. Thus, 0.2% and 0.5% PB
amendment resulted in 22.37% and 25.41%, 18.77% and 22.47% desorption at lower
and higher concentration, respectively (Table 4.11). Similarly, 0.2% and 0.5% LB
amendment resulted in 27.49% and 36.11%, 17.33% and 36.37% desorption at lower
and higher concentration, respectively (Table 4.12). Further, 0.2% and 0.5% FYM
amendment resulted in 15.61% and 23.87%, 12.00% and 18.55% desorption at lower

and higher concentration, respectively (Table 4.13).
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Table 4.11. Desorption of imazethapyr from the Parthenium biochar (PB) mixed

sandy loam soil

Desorption  Equilibrium concentration (ug mL)  Amount %
cycle Desorbed  Desorption
(g g™)
R1 R2 R3 MeanzS.D
Control
1.050 pg mL*
I 0.475 0.467 0.486 0.476+0.0095 0.136
I 0.276 0.265 0.266 0.269+0.0061 0.084
Il 0.140 0.150 0.145 0.145+0.0050 0.033
Total 0.253 24.992
5.123 ug mL?
I 2.420 2.420 2.432 2.424+0.0069 0.761
I 1298 1272 1.280 1.283+0.0133 0.052
11 0.683 0.695 0.693 0.690+0.0064 0.070
Total 0.883 47.888
0.2 % PB
1.398
I 0.531 0509 0.538 0.526+0.0151 0.068
I 0.239 0.294 0.275 0.269+0.0279 0.044
11 0.148 0.141 0.150 0.146+0.0047 0.012
Total 0.124 22.336
7.019 pg mL?
I 2.841 2.807 2.969 2.872+0.0854 0.097
11 1351 1591 1400 1.447+0.1268 0.011
11 0.562 0.751 0.631 0.648+0.0956 0.076
Total 0.184 25.405
0.5% PB
1.398 ug mL*!
I 0.471 0.415 0.436 0.441+0.0283 0.036
1 0.246 0.231 0.238 0.238+0.0075 0.018
11 0.129 0.126 0.153 0.136+0.0148 0.034
Total 0.088 18.874
7.019 pg mL?
I 2523 2.642 2599 2.588+0.0603 1.438
I 1109 1.345 1.289 1.248+0.1233 0.018
11 0.477 0529 0.565 0.524+0.0442 0.017
Total 1.473 22.472
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Table 4.12. Desorption of imazethapyr from the Lantana biochar (LB) mixed sandy
loam soil

Desorption  Equilibrium concentration (ug mL?)  Amount %
cycle Desorbed  Desorption
(hg g)

R1 R2 R3 MeanzS.D
Control

1.050 pg mL*?
| 0.475 0.467 0.486 0.476x0.0095 0.136
1 0.276 0.265 0.266 0.269+0.0061 0.084
1] 0.140 0.150 0.145 0.145%+0.0050 0.033
Total 0.253 24.992
5.123
| 2420 2420 2432 2.424+0.0069 0.761
1 1.298 1272 1280 1.283+0.0133 0.052
11 0.683 0.695 0.693 0.690+0.0064 0.070
Total 0.883 47.888
0.2% LB

1.398
[ 0490 0.454 0.421 0.455+0.0345 0.086
1 0.236 0.259 0.231 0.242+0.0149 0.019
i 0.104 0.132 0.116 0.117+0.0140 0.007
Total 0.112 27.493
7.019
| 3.104 3.049 2.872 3.008+0.1212 0.129
1 1481 1.610 1577 1.556+0.0670 0.052
i 0.689 0.736 0.699 0.708+0.0248 0.070
Total 0.251 36.108
05%LB

1.398
[ 0.366 0.372 0.339 0.359+0.0176 0.122
I 0.204 0.190 0.187 0.194+0.0091 0.069
i 0.132 0.122 0.118 0.124+0.0072 0.057
Total 0.248 17.331
7.019
[ 2428 2.663 2.658 2.583+0.1343 0.858
I 1.296 1449 1399 1.381+0.0780 0.484
i 0.601 0.680 0.605 0.629+0.0445 0.149
Total 1.492 36.372
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Table 4.13. Desorption of imazethapyr from the farm yard manure (FYM) mixed
sandy loam soil

Desorption  Equilibrium concentration (ug mL)  Amount %
cycle Desorbed  Desorption
(g g™)
R1 R2 R3 MeanzS.D
Control
1.050
| 0.475 0.467 0.486 0.476+0.0095 0.136
I 0.276 0.265 0.266 0.269+0.0061 0.084
Il 0.140 0.150 0.145 0.145+0.0050 0.033
Total 0.253 24.992
5.123
I 2.420 2.420 2.432 2.424+0.0069 0.761
I 1298 1272 1.280 1.283+0.0133 0.052
11 0.683 0.695 0.693 0.690+0.0064 0.070
Total 0.883 47.888
0.2% FYM
1.398
I 0.655 0568 0.492 0.572+0.0816 0.051
I 0.384 0.361 0.231 0.325+0.0825 0.039
1l 0.208 0.185 0.159 0.184+0.0245 0.022
Total 0.112 15.612
7.019
I 3.695 3522 3551 3.589+0.0927 0.283
11 1.608 1251 1.397 1.419%0.1795 0.376
1l 0.888 0.712 0.751 0.784+0.0924 0.075
Total 0.734 23.866
05% FYM
1.398
I 0.474 0.494 0.507 0.492+0.0166 0.009
1 0.326 0.299 0.328 0.318+0.0162 0.072
Il 0.191 0.170 0.176 0.179+0.0108 0.020
Total 0.101 11.995
7.019
I 3.436 3.330 3.486 3.417+0.0797 0.144
I 1103 1.132 1.317 1.184+0.1161 0.525
1 0.788 0.782 0.751 0.774%0.0199 0.182
Total 0.851 18.545
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Table 4.14. Freundlich parameters for desorption of imazethapyr from the soil
alone/Parthenium biochar (PB), Lantana biochar (LB) and farmyard manure (FY M)

mixed sandy loam soil

Treatment Kr 1/n I 2Adj H AG
Control Lower 1.364 0.134 0.975 0.170 -1.040
Higher 2.861 0.339 0.986 0.430 -1.349
0.2% PB Lower 1.489 0.116 0.962 0.176 -0.439
Higher 1.698 0.138 0.976 0.210 -0.840
0.5% PB Lower 1.033 0.119 0.985 0.171 -0.036
Higher 2.234 0.162 0.996 0.233 -0.885
0.2% LB Lower 1.103 0.134 0.982 0.308 -0.109
Higher 1.663 0.210 0.905 0.483 -0.568
0.5% LB Lower 1.483 0.110 0.986 0.205 -0.440
Higher 2.741 0.219 0.980 0.408 -1.526
0.2% FYM Lower 1.424 0.099 0.974 0.125 -0.400
Higher 2.496 0.134 0.964 0.169 -0.991
0.5% FYM Lower 1.243 0.082 0.972 0.094 -0.246
Higher 3.520 0.098 0.977 0.112 -1.423

H (Hysteresis)- 1/Nges/1/Nags; AG- Gibbs free energy ((KIK* mol™)

The desorption data was fitted to the best fitted adsorption isotherm i.e. the
Freundlich isotherm and graphs are presented in Figure 4.4 while adsorption constant
are shown in Table 4.14. The Kr values for imazethapyr desorption in amendment
mixed soil increased with increase in the level of amendment suggesting that lesser
amounts of herbicide were desorbed at higher PB, LB and FYM amendment. The Kr
values in any treatment were higher for desorption done at higher concentration than
at lower concentration suggesting that net amount of imazethapyr remain sorbed was
more at higher concentration. The Freundlich 1/nges, which is an indication for
nonlinearity in the desorption isotherms, were lower than the 1/nags values and
hysteresis (H) was observed. The ratio of slope of desorption and adsorption
(1/ndes)/(1/nags) gives hysteresis (H) constant. The value of H < 1 shows the rate of
desorption is slower than the rate of adsorption (positive hysteresis) while, H >1
confers rate of desorption is higher than rate of adsorption (negative hysteresis)

(Pusino et al., 2004). The H values varied from 0.170-0.430 for control soil where no
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any amendments were used. Whereas, H values for 0.2% PB and 0.5% PB at lower
and higher levels of imazethapyr ranged 0.176-0.210 and 0.171-0.233 respectively.
However, the values of H for 0.2% and 0.5% LB at lower and higher herbicide levels
ranged 0.176-0.210 and 0.171-0.233 respectively. Similarly, H values for 0.2% FYM
and 0.5% FYM at lower and higher levels of imazethapyr ranged 0.125-0.169 and
0.094-0.112 respectively. Also on the basis of values of H it is concluded that sorption
of imazethapyr follows the positive hysteresis in all amendments. Further, H values
were more at the higher pesticide concentration than at the lower concentration
suggesting that hysteresis was more at the higher pesticide concentration. The values
of Gibb’s free energy were negative for all the desorption treatments which indicates
that desorption of imazethapyr are spontaneous in nature. Further, at higher
concentration of herbicide negative values of AG increases indicating that with
increase in the concentration degree of spontaneity increases i.e. ease to complete the

work increases (Kumar et al. 2019).
4.5. Effect of biochars on leaching behavior of imazethapyr in soil

The effect of the Parthenium biochar (PB), Lantana biochar (LB) and farm
yard manure (FYM) on leaching behavior of imazethapyr was studied in the packed
columns (sandy loam soil — 30 cm length, 118 mm irrigation) (Tables 4.15 to 4.18).
As imazethapyr showed very less adsorption on to all treatments, leaching was high
(Sondhia, 2013). Leaching (breakthrough and cumulative) curves of imazethapyr in
the control (no amendment), 0.2 and 0.5% each of PB, LB and FYM- mixed soil
columns are shown in Figure 4.8. Results suggested that in all the columns
breakthrough of imazethapyr was observed in 1% fraction of the leachate. It may be
because of low adsorption in soils/soil-amendments (Sondhia, 2013). For control soil
where no amendment was used, the maximum concentration of herbicide was
observed in 152.090 mL (0.36 pore volume) fraction. Amendment of the 0.2% and
0.5% of PB to soil reduced leaching losses of imazethapyr and maximum
concentration was observed in 101.070 mL (0.25 pore volume) and 103.075 mL (0.26
pore volume) respectively. Similarly, for 0.2% and 0.5% LB amended sandy loam
soil column, maximum concentration was observed in 102.935 mL (0.27 pore volume)
and 100.905 mL (0.25 pore volume) respectively. Similarly, for 0.2% and 0.5% FYM

amended sandy loam soil packed soil, maximum amount of imazethapyr was observed
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Table 4.15. Leachate parameters for imazethapyr from control sandy loam soil packed

columns
Fraction Control
Column A Column B
Leachate Imazethapyr Leachate Imazethapyr

(mL) (H9) (mL) (H9)

1 50.54 3.065 51.05 4,919

2 51.36 4,574 50.57 4,553

3 49.29 6.833 51.37 6.655

4 54.47 4,961 42.98 4,962

5 54.00 4.626 52.33 4.651

6 60.43 3.901 48.62 4.538

7 17.68 4.736 33.67 3.407
Total 337.77 32.70 330.59 33.69

Table 4.16. Leachate parameters for imazethapyr from 0.2% and 0.5% each of PB

sandy loam soil mixed packed columns

0.2 % PB
Fraction Column A Column B
Leachate Imazethapyr Leachate Imazethapyr

(mL) (H9) (mL) (H9)

1 49.18 2.050 50.36 2.150

2 49.75 6.041 52.85 6.060

3 50.49 4.674 49.98 4.318

4 50.07 3.654 49.97 3.620

5 51.34 2.692 49.97 2.609

6 48.66 2.082 45.94 2.085

7 20.22 1.865 56.45 1.870
Total 319.71 23.06 355.52 22.71

0.5% PB

1 49.96 1.816 51.64 1.825

2 52.07 4.045 52.48 4.056

3 51.52 2.894 51.44 2.987

4 51.63 1.114 50.47 1.096

5 56.80 0.524 49.18 0.983

6 53.64 0.546 49.06 0.927

7 35.76 0.647 44.44 0.746
Total 351.38 11.59 348.71 12.62
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Figure 4.8. Imazethapyr breakthrough (a) and cumulative (b) leaching curves in
control, Pathenium biochar (PB), Lantana biochar (LB) and farmyard manure (FY M)

mixed sandy loam soil columns.
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Table 4.17. Leachate parameters for imazethapyr from 0.2% and 0.5% each of LB

mixed sandy loam soil packed columns

Fraction 02% LB
Column A Column B
Leachate Imazethapyr Leachate Imazethapyr

(mL) (L9) (mL) (L)

1 48.68 2.154 50.34 2.548

2 50.93 5.984 55.92 5.886

3 49.04 4.542 51.47 4.456

4 47.33 2.012 48.93 2.546

5 49.16 1.886 48.58 1.859

6 41.37 1.058 50.09 1.491

7 62.38 0.910 45.80 0.955
Total 348.89 18.55 351.13 19.74

0.5% LB

1 50.55 1.084 51.40 1.106

2 49.14 3.986 50.72 3.885

3 48.78 2.102 50.75 2.002

4 54.12 1.156 50.56 1.256

5 50.98 0.827 49.53 0.831

6 35.02 0.429 49.49 0.440

7 52.48 0.245 32.90 0.234
Total 341.07 9.83 335.35 9.75

Table 4.18. Leachate parameters for imazethapyr from 0.2% and 0.5% each of FYM

mixed sandy loam soil packed columns

Fraction 0.2% FYM
Column A Column B
Leachate Imazethapyr Leachate Imazethapyr

(mL) (H9) (mL) (H9)

1 47.06 3.654 47.84 3.856

2 46.47 5.846 44.52 5.992

3 50.63 4.895 50.37 4.796

4 47.78 3.620 67.21 3.697

5 48.78 2.256 49.33 2.569

6 49.96 2.023 50.57 2.123

7 59.12 1.912 32.35 1.956
Total 349.80 24.21 342.19 24.99
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0.5% FYM

1 50.16 2.025 49.35 2.056
2 50.30 4.159 56.76 4.186
3 48.22 2.559 48.38 2.896
4 49.24 1.557 51.50 1.213
5 48.95 0.998 47.56 1.125
6 48.11 0.856 47.72 0.986
7 50.24 0.668 49.31 0.986
Total 345.22 12.82 350.58 13.45

in 92.945mL (0.23 pore volume) and 103.285 mL (0.27 pore volume)
respectively. Further, the PB, LB and FYM amendments reduced the maximum
concentration (C/Co) of imazethapyr in the leachate. The values of maximum
concentration (C/Co) of imazethapyr in control, 0.2% and 0.5% each of PB, LB and
FYM were 0.583, 0.415, 0.205, 0.335, 0.174, 0.416 and 0.221 respectively. However,
downward mobility behavior of imazethapyr in soil was well explained by the partition
coefficient (Kq) values which are higher in the LB mixtures. Sondia, 2013 also found
similar results for leaching of imazethapyr and she concluded that it is highly leachable
and can leach below 70 cm of columns.

4.6. Effect of biochar on dissipation of imazethapyr

Soil physico-chemical properties such as soil type, pH, moisture status, organic
carbon content, biological parameters such as microorganism’s nature etc. and
intentional and unintentional addition of external materials affect the fate of soil
applied pesticides. Joseph et al. (2010) reported that soil amendments affect some
basic reactions viz. adsorption-desorption, dissolution-precipitation, redox reaction

and acid-base reactions, that affect fate of soil applied herbicide or xenobiotics.

Effect of Parthenium biochar (PB), Lantana biochar (LB) and farm yard
manure (FYM) on dissipation of imazethapyr was studied in the sandy loam soil under
laboratory condition. Soil was mixed with 0.2 and 0.5% each of PB, LB and FYM and
soil without any amendment served as control. Study was performed under 60% water
holding capacity (field capacity) at 27 + 2 °C. Table 4.19 to 4.22 represents persistence
of imazethapyr in sandy loam soil with different amendment conditions. Results

suggested that herbicide was slightly persistent in nature and degraded at relatively
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Table 4.19. Persistence of imazethapyr in sandy loam soil alone

Incubation Soil alone
(Days) R1 R2 R3 Mean+SD
(Yoremained)

0 2.20 2.20 2.20 2.20+0.000
(100.00)

2 1.82 1.83 1.85 1.83+0.012
(83.23)

4 1.72 1.72 1.76 1.73+0.021
(78.71)

8 1.32 1.34 1.36 1.34+0.02
(60.97)

16 1.07 1.02 1.03 1.04+0.026
(47.40)

24 0.81 0.85 0.80 0.82+0.028
(37.38)

Table 4.20. Persistence of imazethapyr in Parthenium biochar (PB) mixed sandy loam
soil

Incubation 0.2 % PB 0.5 % PB

(Days) Rl R2 R3 Mean+SD Rl R2 R3  MeantSD

(% remained) (% remained)

0 234 234 234 234+0.000 2.34 234 234 2.34%0.00
(100.00) (100.00)

2 203 2.08 2.05 2056+0.026 1.84 1.82 1.83 1.83+0.01
(87.76) (78.22)

4 1.71 177 179 1.76%0.037 1.64 165 1.66 1.65+0.01
(74.93) (70.47)

8 1.32 134 132 1.33+#0.014 112 1.11 116 1.13+0.023
(56.59) (48.24)

16 096 090 0.94 0.94+0.030 0.71 0.73 0.80 0.74%0.045
(39.99) (31.70)

24 0.54 052 055 0.54+0.017 0.40 0.45 0.49 0.45+0.046
(23.03) (19.18)
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Table 4.21. Persistence of imazethapyr in Lantana biochar (PB) mixed sandy loam

soil

Incubation 0.2% LB 05% LB
(Days) RI R2 R3 MeantSD Rl1 R2 R3 MeanSD
(Yremained) (Yremained)
0 189 189 189 1.89+0.00 189 1.89 1.89 1.89+0.00
(100.00) (100.00)
2 154 155 159 156+0.029 143 145 148 1.45+0.028
(82.55) (76.82)
4 129 125 120 1.24+0.043 1.10 1.15 1.11 1.12+0.029
(65.91) (59.28)
8 0.97 094 0.97 0.96+0.012 0.87 0.88 0.85 0.86+0.018
(50.71) (45.69)
16 0.67 0.65 0.72 0.6840.035 0.42 0.44 0.45 0.44+0.015
(35.84) (23.13)
24 0.52 051 054 052+0.017 0.35 0.35 0.33 0.34+0.009
(27.76) (18.12)

Table 4.22. Persistence of imazethapyr in FYM biochar (PB) mixed sandy loam soil

Incubation 0.2% FYM 0.5% FYM
(Days)

Rl R2 R3 MeanzSD R1 R2 R3 MeantSD
(Yoremained) (Yoremained)
0 189 189 1.89 1.89+0.00 1.89 189 189 1.89+0.00
(100.00) (100.00)
2 145 148 145 146+0.02 1.34 093 115 1.14+40.21
(77.22) (60.25)
4 123 110 1.12 1.15+0.04 0.80 1.06 1.20 1.02+0.20
(60.66) (53.83)
8 0.92 0.90 0.99 0.94+0.07 095 0.72 0.86 0.84+0.12
(49.52) (44.54)
16 0.77 0.67 0.63 0.69+0.07 0.66 0.52 0.56 0.58+0.07
(36.24) (30.64)
24 0.42 040 040 0.40£0.01 0.34 0.34 0.35 0.34+0.01
(21.47) (18.09)
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faster rate in the sandy loam soil. After 24 days of incubation 37.38% of herbicide
was recovered from control soil. Whereas, 23.03% and 19.18% of imazethapyr were
recovered from 0.2% and 0.5% PB mixed sandy loam soil. Similarly, from 0.2% &
0.5% each of LB and FYM mixed sandy loam soil 27.76% 18.12%, 21.47% and

18.09% herbicide were recovered respectively.

The data of degradation from all the treatments combinations were fitted to the

first order kinetic equation:

Ct = Coe_Kobst

where, Co is the apparent initial concentration of imazethapyr (ug g?), Ct is the
concentration (ug g*) after a lapse of time t (days), and Kobs is the observed
degradation rate constant. The half-life (t12) for dissipation of herbicide were

calculated from the Kobs value using following formula:

0.693
Kobs

)

ti2 = (

Table 4.23. Degradation constants (Kobs) and half-life (t12) values for imazethapyr in

control and Parthenium biochar (PB), Lantana biochar (LB) and FYM mixed sandy

loam soil

Treatment Kobs I °Adj T12(Days)
Control 0.040 0.967 17.325
0.2% PB 0.059 0.992 11.746
0.5% PB 0.067 0.987 10.340
02% LB 0.052 0.946 13.327
05% LB 0.071 0.955 9.760
0.2% FYM 0.059 0.963 11.745
0.5% FYM 0.062 0.931 11.177
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The imazethapyr persistence data were best fitted to the first order degradation
equation as r’aq (Table 4.23, Figure 4.9) were higher than 0.9 for most of the cases.
The half-life (tu2) values for imazethapyr degradation in the control (no amendment)
sandy loam soil under was 17.325 days. The values of half-life (t12) in 0.2% and 0.5%
PB amended sandy loam soil were 11.746 and 10.340 days respectively. Similarly, the
values of half-life (t2) in 0.2% and 0.5% LB amended sandy loam soil were 13.327
and 9.760 days respectively. However, the values were 11.745 and 11.177 days for
half-life (ti2) in 0.2% and 0.5% FYM amended sandy loam soil respectively. Fastest
degradation was shown in LB amended soil as compared to other amendments. It may
be due to higher pH and presence of indigenous microorganisms present in soils. (Kaur
& Kaur, 2021; Goetz et al. 1990).
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5. SUMMARY AND CONCLUSIONS

After green revolution use of pesticide has increased many folds. Injudicious use
of such chemicals leads to environmental toxicity. After application of such chemicals,
they gets distributed in various components of environment via sorption, degradation,
translocation volatilization and leaching. Physico-chemical properties of soil and
herbicide, along with climatic drivers, influence the participation of the pesticide in the
environment. To cope up with such issues with imazethapyr, an herbicide mostly used
for pulse production and has harmful effect to non-target biotic and abiotic ecosystems,
present study deals with its fate in the environment and further amendment with
Parthenium & Lantana biochar and farm yard manure (FYM) on its fate under

laboratory conditions.

Preparation of biochar with Parthenium & Lantana (an obnoxious weed)
through pit method resulted in biochar with considerable amount of unburnt carbon,
have exhibited high potential to adsorb chemicals. (Majumdar and Singh, 2007; Ghosh
and Singh, 2013; Deokar et al., 2016 a, b); therefore, might affect physical, chemical
and biological detoxification of herbicides towards weed control (Singh et al., 2013a, b;
Ghosh et al., 2016).

According to ICRISAT Happenings Newsletter 2022 production of pulses was
increased from 13.38 million metric tons in 2005-06 to 25.58 million metric tons in
2020-21. (ICRISAT, 2022). This leads to increase in the use of pesticides that includes
one of the herbicide imazethapyr to many folds. Imazethapyr is an imidazolinone group
of herbicide which is widely used for control of grasses and broadleaf weeds in a variety
of crops and is registered in many countries. Practically, no information is available on
the effect of Parthenium & Lantana biochar and farm yard manure (FYM) on the fate of
imazethapyr. Therefore, a study entitled “Effects of biochar on fate of imazethapyr in

sandy loam soil” was conducted.

The PB, LB and FYM differed in their physico-chemical properties. In general,

biochar contained a significant amount of unburnt carbon, alkaline in nature and high
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cation exchange capacity. Whereas FYM contains almost half of carbon content as

compared to biochars and are almost neutral in nature.

The kinetics of imazethapyr adsorption in 0.2% and 0.5% each of PB, LB and
FYM mixed sandy loam soil was studied. The pseudo second order model best
explained imazethapyr adsorption on to PB/LB/FYM amended sandy loam soil,
suggesting that rate of adsorption was more dependent on the availability of the
adsorption sites than on the concentration of the imazethapyr in solution. The intra
particle diffusion graph had not passed through the origin indicating that the
intraparticle diffusion was not only the rate determining step but boundary layer

diffusion also might have played a role in the adsorption to some degree.

The sorption of imazethapyr in 0.2% and 0.5% each of PB, LB and FYM mixed
sandy loam soil was studied. Results reveals that herbicide was more sorbed to LB. The
sequence for sorption of imazethapyr in amended soil are soil alone < FYM < PB < LB
mixed sandy loam soil with varied rate of amendments. Imazethapyr adsorption in the
soil/soil + amendment mixtures was well explained through Freundlich adsorption
isotherm and adsorption was highly nonlinear. The 1/n values for sandy loam soil alone
was 0.789, whereas it was varied between 0.658 and 0.696 (0.2% & 0.5% PB mixed
sandy loam soil) or 0.435 and 0.537 (0.2% & 0.5% LB mixed sandy loam soil) or 0.795
and 0.877 (0.2% & 0.5% FYM mixed sandy loam soil). Both adsorption and desorption

parameters correlated well with the amendments content in soil.

The leaching of imazethapyr in 0.2% and 0.5% each of PB, LB and FYM mixed
sandy loam soil was studied. Due to lesser sorption of onto the soils/soil+amendments,
imazethapyr was more mobile in all treatments and was detected in the leachate.
Addition of the amendments reduced the leaching losses and effect was more in the LB
mixed sandy loam soil as compared to sandy loam soil alone and PB and FYM amended

sandy loam soil.

The degradation of imazethapyr in 0.2% and 0.5% each of PB, LB and FYM

mixed sandy loam soil was studied. Degradation of imazethapyr was fastest in LB
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amended sandy loam soil as compared to sandy loam soil alone and PB and FYM

amended sandy loam soil.

The present study suggested that addition of amendments (PB, LB and FYM)
greatly affected behavior of imazethapyr in soil. The biochars increased adsorption,
reduced leaching and increased degradation of imazethapyr. However, these effects
varied with nature and dose of amendment and soil type. These findings are relevant in
assessing the fate of imazethapyr applied in fields where there are Parthenium and

Lantana weeds and farmers practices burning of it and ploughing into soil.

69



Name: Mamta Kaswa Id No. : RLBCAU/AG/PG/0050/20
Year of Admission: 2020-21 Degree: M.Sc. (Agriculture)

Department: Soil Science and Agricultural Chemistry Major subject: Soil Science
Advisor: Dr. Anup Kumar, Scientist, ICAR-IGFRI, Jhansi

Thesis Tittle: Effects of biochar on fate of imazethapyr in sandy loam soil.

ABSTRACT

Imazethapyr is a common herbicide mostly used in pulses and dufiri;:(;d
production of berseem. Parthenium historophorous and Lantana camara are obnoxious
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(PB), Lantana biochar (LB) and farmyard manure (FYM) on the adsorption, leaching
and degradation behavior of imazethapyr in the sandy loam soil.

The PB, LB and FYM were characterized for their physico-chemical properties
and adsorption of imazethapyr from soil/biochar/FYM mixed soil was evaluated.
Kinetics study suggested that the pseudo second order model best explained the
imazethapyr adsorption on all three amendments. Imazethapyr was sorbed onto the
amendments in the order of FYM (5.80-28.32%) < PB (13.10-27.08%) < LB (17.97-
51.21%). The Freundlich isotherms were the best models to predict imazethapyr
adsorption onto the biochars and FYM.

The amendments (PB, LB and FYM) affected downward mobility of
imazethapyr in soil, but effect varied with varied level of amendment. Compared to
FYM and PB, herbicide was least leached in LB amended sandy loam soil. Higher
herbicide adsorption in biochar mixed soil contributed to their reduced
leaching/downward mobility.

Amendments (PB, LB and FYM) affected imazethapyr degradation also but its
effect varied with varied level of amendment. Highest degradation of imazethapyr was
shown in LB (ti2- 9.76-13.32 days) followed by PB (tie- 10.34-11.75 days) and FYM
(tin- 11.18-11.75 days). The amendment enhanced imazethapyr degradation at both
levels. These findings are relevant in assessing the fate of imazethapyr applied in soil.

Keywords: Imazethapyr, Parthenium biochar, Lantana biochar, Farm yard manure,
Sorption, Degradation, Leaching

Dr. Muw | Mamta Kaswa

(Advisor) (Student)




T T FEa e wET | SRE e /s 0050/20
wawr & A 2020-21 feft: STt (F)

faramr: e o 3 Y @ v e et fomm

TR €19 AR, AT, ST - SRR

viver vitdes © Yefielt S gaT i SHISITAT % Y T AR H I

wﬁmwwmmﬁ%ﬁvwmﬂﬂma@ﬁaﬂtm%mm%amﬁmm%
ﬁmmﬁmmmm%ﬁmw%wﬁwawmm%ﬁm

mmﬁﬁﬁﬁaﬁﬁﬁﬁ%sﬁﬁﬁhawﬁmgvﬁﬁqﬁaﬁ@m%wﬁﬁﬁwﬁﬁwa%%aﬂtﬁﬁﬁmaéw
mmmm%lmmﬁsﬁmﬁﬁ%aﬁmﬁwaﬁmmm%@mﬁﬁmﬁaaﬁréﬁm
ST 3t SF-STTEET T T T HRAT 2 W,mmﬁéwwﬁsﬁ@m%w,maﬂt
Ffraror Wq{mﬁﬁmm(ﬁaﬁ),ﬁamm(maﬁ)aﬁtmﬁa@@a(@m‘éqw)%ﬁmaﬁwm
2

o ft, e o 3T AT O 3 wfreR-TrErE o o e TR stfirereor far T & 3R /s /s o
ﬁ?ﬁgﬁﬁmm%sﬁw-wmm%mwmﬁaﬁw%ﬁméwﬁw%% dregst Hiew, dH1 SR
%@:ﬁuﬁwsﬁﬁm-zﬁwaﬁaﬁwaﬂ%wm%lmaﬁwaﬁm (5.80-28.32%) < dt st

(13.10-27.08%) < we it (17.97-51.21%) % %= d diert & it T T | SR S TE 9 W W
TR AR 3 Qi A i aear wdig Hes o |

a’wﬁaﬁ(\ﬁa"r,mﬁaﬁwmﬁ@)ﬁﬁﬁﬁmﬁﬁﬁaﬂmﬁﬁﬂmﬁwﬁaﬁm,éﬁwﬁ&nwﬁ%
ST 3 T ST ST~ ST o O A s o ot i e H, o o fabra dreft dime firgt & TRt 6
WWWImﬁmﬂﬁmﬁﬁrﬁmmﬁwﬁmﬁwﬂ,mﬁ%mﬁﬂwwl

dsﬁmﬁ(tﬁaﬁ’,mﬁﬁ@ﬁ@)ﬁmwaﬁﬁmm%mmﬁﬁqﬁﬁ%m
3 T ST ST o1 SR 1 Seaa S T (t1/2- 9.76-13.32 f) ¥ fo, 3a% sme o o (t1/2-
10.34-11.75 %) sik ws a @ (t1/2- 11.18-11.75 o) 3 o w3 A T € AR e w
ST 3 afoor, firgh 3§ ST FHISHTITR & §9 H AFCH 0 I 8

FATEFI Sivershat




REFERENCES

Abdul, G., Zhu, X., & Chen, B. (2017). Structural characteristics of biochar-graphene
nanosheet composites and their adsorption performance for phthalic acid

esters. Chemical Engineering Journal, 319, 9-20.

Aggangan, N. S., Cortes, A. D., Opulencia, R. B., Jomao-as, J. G., & Yecyec, R. P. (2019).
Effects of mycorrhizal fungi and bamboo biochar on the rhizosphere bacterial
population and nutrient uptake of cacao (Theobroma cacao L.)
Seedlings. Philippine Journal of Crop Science (PJCS), 44(1), 1-9.

Ahemad, M., & Khan, M. S. (2013). Pesticides as antagonists of rhizobia and the legume-
rhizobium symbiosis: A paradigmatic and mechanistic outlook. Biochemistry &
Molecular Biology, 1, 63-75.

Ahmad, A., Shahid, M., Khalid, S., Zaffar, H., Naqvi, T., Pervez, A., & Nasim, W. (2019).
Residues of endosulfan in cotton growing area of Vehari, Pakistan: An
assessment of knowledge and awareness of pesticide use and health
risks. Environmental Science and Pollution Research, 26(20), 20079-20091.

Ahmad, M., Rajapaksha, A. U., Lim, J. E., Zhang, M., Bolan, N., Mohan, D., & Ok, Y. S.
(2014). Biochar as a sorbent for contaminant management in soil and water: A

review. Chemosphere, 99, 19-33.

Ahmad, R., & Rahman, A. (2009). Sorption characteristics of atrazine and imazethapyr in soils
of New Zealand: Importance of independently determined sorption
data. Journal of Agricultural and Food Chemistry, 57(22), 10866-10875.



Ahmad, R., Kookana, R. S., & Alston, A. M. (2001). Sorption of ametryn and imazethapyr in

twenty-five soils from Pakistan and Australia. Journal of Environmental
Science and Health, Part B, 36(2), 143-160.

Alister, C., & Kogan, M. (2005). Efficacy of imidazolinone herbicides applied to

Anonymous,

imidazolinone-resistant maize and their carryover effect on rotational
crops. Crop Protection, 24(4), 375-379.

(2016).

http://indiainbusiness.nic.in/newdesign/upload/AgrochemicalsKnowledge-report-

2016.pdf (accessed on 04.09.2018 )

Balabani¢, D., Rupnik, M., & Klemenci¢, A. K. (2011). Negative impact of endocrine-

disrupting compounds on human reproductive health. Reproduction, Fertility
and Development, 23(3), 403-416.

Baran, W., Adamek, E., Ziemianska, J., & Sobczak, A. (2011). Effects of the presence of

sulfonamides in the environment and their influence on human health. Journal
of Hazardous Materials, 196, 1-15.

Bassil, K. L., Vakil, C., Sanborn, M., Cole, D. C., Kaur, J. S., & Kerr, K. J. (2007). Cancer

Battaglin, W.

health effects of pesticides: Systematic review. Canadian Family
Physician, 53(10), 1704-1711.

A., Furlong, E. T., Burkhardt, M. R., & Peter, C. J. (2000). Occurrence of
sulfonylurea, sulfonamide, imidazolinone, and other herbicides in rivers,
reservoirs and ground water in the Midwestern United States, 1998. Science of
the Total Environment, 248(2-3), 123-133.


http://indiainbusiness.nic.in/newdesign/upload/AgrochemicalsKnowledge-report-2016.pdf
http://indiainbusiness.nic.in/newdesign/upload/AgrochemicalsKnowledge-report-2016.pdf

Bilgili, A. V., Aydemir, S., Altun, O., Saygan, E. P., Yal¢in, H., & Schindelbeck, R. (2019).
The effects of biochars produced from the residues of locally grown crops on

soil quality variables and indexes. Geoderma, 345, 123-133.

Breccia, G., Vega, T., Felitti, S. A., Picardi, L., & Nestares, G. (2013). Differential expression
of acetohydroxyacid synthase genes in sunflower plantlets and its response to

imazapyr herbicide. Plant Science, 208, 28-33.

Brewer, C. E., Schmidt-Rohr, K., Satrio, J. A., & Brown, R. C. (2009). Characterization of
biochar from fast pyrolysis and gasification systems. Environmental Progress &
Sustainable Energy: An Official Publication of the American Institute of
Chemical Engineers, 28(3), 386-396.

Cabrera, A., Cox, L., Spokas, K. A., Celis, R., Hermosin, M. C., Cornejo, J., & Koskinen, W.
C. (2011). Comparative sorption and leaching study of the herbicides
fluometuron and 4-chloro-2-methylphenoxyacetic acid (MCPA) in a soil
amended with biochars and other sorbents. Journal of Agricultural and Food
Chemistry, 59(23), 12550-12560.

Cabrera, A., Cox, L., Spokas, K. U. R. T., Hermosin, M. C., Cornejo, J., & Koskinen, W. C.
(2014). Influence of biochar amendments on the sorption-desorption of
aminocyclopyrachlor, bentazone and pyraclostrobin pesticides to an agricultural
soil. Science of the Total Environment, 470, 438-443.

Calvet, R. (1989). Adsorption of organic chemicals in soils. Environmental Health
Perspectives, 83, 145-177.

Carriger, J. F., Rand, G. M., Gardinali, P. R., Perry, W. B., Tompkins, M. S., & Fernandez, A.

M. (2006). Pesticides of potential ecological concern in sediment from South



Florida canals: an ecological risk prioritization for aquatic arthropods. Soil &
Sediment Contamination, 15(1), 21-45.

Chen, B., & Yuan, M. (2011). Enhanced sorption of polycyclic aromatic hydrocarbons by soil
amended with biochar. Journal of Soils and Sediments, 11(1), 62-71.

Cheng, H., Jones, D. L., Hill, P., & Bastami, M. S. (2017). Biochar concomitantly increases
simazine sorption in sandy loam soil and lowers its dissipation. Archives of
Agronomy and Soil Science, 63(8), 1082-1092.

Chiari, M., Cortinovis, C., Vitale, N., Zanoni, M., Faggionato, E., Biancardi, A., & Caloni, F.
(2017). Pesticide incidence in poisoned baits: A 10-year report. Science of the
Total Environment, 601, 285-292.

Chien, S. H., & Clayton, W. R. (1980). Application of elovich equation to the kinetics of
phosphate release and sorption in soils. Soil Science Society of America
Journal, 44(2), 265-268.

Curran, W. S., Loux, M. M., Liebl, R. A., & Simmons, F. W. (1992). Photolysis of imidazolinone
herbicides in aqueous solution and on soil. Weed Science, 40(1), 143-148.

da Costa Marinho, M. 1., Costa, A. I. G., Vieira, N. M., Paiva, M. C. G., de Freitas, F. C. L., &
da Silva, A. A. (2019). Validation and application of a QUEChERS based
method for estimation of half-life of imidazolinone herbicides in soils by LC-
ESI-MS/MS. Ecotoxicology and Environmental Safety, 167, 212-217.



Das, S. K., & Mukherjee, 1. (2020). Low cost biomass derived biochar amendment on
persistence and sorption behaviour of flubendiamide in soil. Bulletin of

Environmental Contamination and Toxicology, 105(2), 261-269.

Dechene, A., Rosendahl, 1., Laabs, V., & Amelung, W. (2014). Sorption of polar herbicides
and herbicide metabolites by biochar-amended soil. Chemosphere, 109, 180-
186.

Delwiche, K. B., Lehmann, J., & Walter, M. T. (2014). Atrazine leaching from biochar-
amended soils. Chemosphere, 95, 346-352.

Deokar, S. K., & Mandavgane, S. A. (2015). Estimation of packed-bed parameters and
prediction of breakthrough curves for adsorptive removal of 2, 4-
dichlorophenoxyacetic acid using rice husk ash. Journal of Environmental
Chemical Engineering, 3(3), 1827-1836.

Deokar, S. K., Mandavgane, S. A., & Kulkarni, B. D. (2016). Comparative evaluation of
packed-bed performance of biomass ashes as adsorbents for removal of diuron
from aqueous solution. Desalination and Water Treatment, 57(59), 28831-
28846.

Deokar, S. K., Singh, D., Modak, S., Mandavgane, S. A., & Kulkarni, B. D. (2016).
Adsorptive removal of diuron on biomass ashes: A comparative study using
rice husk ash and bagasse fly ash as adsorbents. Desalination and Water
Treatment, 57(47), 22378-22391.



Devi, P. 1., Thomas, J., & Raju, R. K. (2017). Pesticide consumption in India: A
spatiotemporal analysis . Agricultural Economics Research Review, 30(1), 163-
172.

El-Naggar, A., EI-Naggar, A. H., Shaheen, S. M., Sarkar, B., Chang, S. X., Tsang, D. C., &
Ok, Y. S. (2019). Biochar composition-dependent impacts on soil nutrient
release, carbon mineralization, and potential environmental risk: A

review. Journal of Environmental Management, 241, 458-467.

El-Naggar, A., Lee, S. S., Rinklebe, J., Faroog, M., Song, H., Sarmah, A. K., & Ok, Y. S.
(2019). Biochar application to low fertility soils: A review of current status, and
future prospects. Geoderma, 337, 536-554.

Espy, R., Pelton, E., Opseth, A., Kasprisin, J., & Nienow, A. M. (2011). Photodegradation of
the herbicide imazethapyr in aqueous solution: effects of wavelength, pH, and
natural organic matter (NOM) and analysis of photoproducts. Journal of
Agricultural and Food Chemistry, 59(13), 7277-7285.

FAO, 2016.
https://www.fao.org/fileadmin/user upload/IPM Pesticide/JMPR/Evaluat
i0ns/2016/IMAZETHAPYR.pdf (Accessed on 07.08.2022)

Ghosh, R. K., & Singh, N. (2013). Adsorption—desorption of metolachlor and atrazine in
Indian soils: Effect of fly ash amendment. Environmental Monitoring and
Assessment, 185(2), 1833-1845.

Ghosh, R. K., Singh, N., & Singh, S. B. (2016). Effect of fly ash amendment on metolachlor
and atrazine degradation and microbial activity in two soils. Environmental
Monitoring and Assessment, 188(8), 1-10.

Vi


https://www.fao.org/fileadmin/user_upload/IPM_Pesticide/JMPR/Evaluat%20ions/2016/IMAZETHAPYR.pdf
https://www.fao.org/fileadmin/user_upload/IPM_Pesticide/JMPR/Evaluat%20ions/2016/IMAZETHAPYR.pdf

Goetz, A. J.,, Lavy, T. L., & Gbur, E. E. (1990). Degradation and field persistence of
imazethapyr. Weed Science, 38(4-5), 421-428.

Grichar, W. J., Dotray, P. A., & Baughman, T. A. (2012). Influence of simulated imazapic and
imazethapyr herbicide carryover on cotton (Gossypium  hirsutum

L.). International Journal of Agronomy, 2012.

Gupta, P. K. (2007). Soil, plant, water and fertilizer analysis. Agrobios, Jodhpur, India. AOAC
(Association of Official Analytical Chemists). 1995. Official Methods of
Analysis. 15th ed. AOAC, Washington, DC.

Ho, Y. S., & McKay, G. (1999). Pseudo-second order model for sorption processes. Process
Biochemistry, 34(5), 451-465.

Huang, H., Zhang, C., Zhang, P., Cao, M., Xu, G., Wu, H., & Rong, Q. (2018). Effects of
biochar amendment on the sorption and degradation of atrazine in different
soils. Soil and Sediment Contamination: An International Journal, 27(8), 643-
657.

ICRISAT Happenings Newsletter. https://www.icrisat.org/can-india-sustain-high-growth-of-
pulses-
production/#:~:text=India%20has%20made%20remarkable%20progress,(CAG
R)%2001%204.42%25. (Assessed on 05.08.2022)

Vi


https://www.icrisat.org/can-india-sustain-high-growth-of-pulses-production/#:~:text=India%20has%20made%20remarkable%20progress,(CAGR)%20of%204.42%25
https://www.icrisat.org/can-india-sustain-high-growth-of-pulses-production/#:~:text=India%20has%20made%20remarkable%20progress,(CAGR)%20of%204.42%25
https://www.icrisat.org/can-india-sustain-high-growth-of-pulses-production/#:~:text=India%20has%20made%20remarkable%20progress,(CAGR)%20of%204.42%25
https://www.icrisat.org/can-india-sustain-high-growth-of-pulses-production/#:~:text=India%20has%20made%20remarkable%20progress,(CAGR)%20of%204.42%25

Irfan, M., Hussain, Q., Khan, K. S., Akmal, M., ljaz, S. S., Hayat, R., & Rashid, M. (2019).
Response of soil microbial biomass and enzymatic activity to biochar
amendment in the organic carbon deficient arid soil: A 2-year field

study. Arabian Journal of Geosciences, 12(3), 1-9.

Jallow, M. F., Awadh, D. G., Albaho, M. S., Devi, V. Y., & Thomas, B. M. (2017). Pesticide
knowledge and safety practices among farm workers in Kuwait: Results of a
survey. International Journal of Environmental Research and Public
Health, 14(4), 340.

Janaki, P., Meena, S., & Chinnusamy, C. (2012). Field dissipation of herbicides under
different crops in Tamil Nadu. Madras Agric Journal, 99(10-12), 794-798.

Janaki, P., Meena, S., Shanmugasundaram, R., & Chinnusamy, C. (2019). Dissipation and
impact of herbicides on soil properties in Tamil Nadu. In Herbicide Residue
Research in India, 193-237.

Jien, S. H. (2019). Physical characteristics of biochars and their effects on soil physical

properties. In Biochar from Biomass and Waste, 21-35.

Jones, D. L., Edwards-Jones, G., & Murphy, D. V. (2011). Biochar mediated alterations in
herbicide breakdown and leaching in soil. Soil Biology and Biochemistry, 43(4),
804-813.

Joseph, S. D., Camps-Arbestain, M., Lin, Y., Munroe, P., Chia, C. H., Hook, J., & Amonette,
J. E. (2010). An investigation into the reactions of biochar in soil. Soil

Research, 48(7), 501-515.

viii



Karpouzas, D.G., Tsiamis, G., Trevisan, M., Ferrari, F., Malandain, C., Sibourg, O., & Martin-
Laurent, F. (2016). ” LOVE TO HATE” pesticides: Felicity or curse for the soil
microbial community? An FP7 IAPP Marie Curie project aiming to establish
tools for the assessment of the mechanisms controlling the interactions of
pesticides with soil microorganisms. Environmental Science and Pollution
Research, 23(18), 18947-18951.

Kaur, L., & Kaur, P. (2022). Degradation of imazethapyr in soil: Impact of application rate,
soil physicochemical properties and temperature. International Journal of

Environmental Science and Technology, 19(3), 1877-1892.

Kaur, P., Kaur, P., & Kaur, K. (2020). Adsorptive removal of imazethapyr and imazamox from
aqueous solution using modified rice husk. Journal of Cleaner Production, 244,
118699.

Keen, B. A., & Raczkowski, H. (1921). The relation between the clay content and certain
physical properties of a soil. The Journal of Agricultural Science, 11(4), 441-
449,

Khorram, M. S., Sarmah, A. K., & Yu, Y. (2018). The effects of biochar properties on
fomesafen adsorption-desorption capacity of biochar-amended soil. Water, Air,
& Soil Pollution, 229(3), 1-13.

Khorram, M. S., Zhang, Q., Lin, D., Zheng, Y., Fang, H., & Yu, Y. (2016). Biochar: A review
of its impact on pesticide behavior in soil environments and its potential

applications. Journal of Environmental Sciences, 44, 269-279.



Kibe, K., Takahashi, M., Kameya, T., & Urano, K. (2000). Adsorption equilibriums of
principal herbicides on paddy soils in Japan. Science of the Total
Environment, 263(1-3), 115-125.

Kookana, R. S. (2010). The role of biochar in modifying the environmental fate,
bioavailability, and efficacy of pesticides in soils: A review. Soil
Research, 48(7), 627-637.

Kumar, A., & Singh, N. (2020). Crop residue ashes reduce leaching, persistence and
bioavailability of sulfosulfuron and pretilachlor used in the succeeding
crop. Soil Research, 58(6), 551-560.

Kumar, A., Mandal, A., & Singh, N. (2019). Rice and wheat straw ashes: Characterization and
modeling of pretilachlor sorption Kinetics and adsorption isotherm. Journal of
Environmental Science and Health, Part B, 54(4), 303-312.

Kumar, V., & Sarkar, J. (2020). Particle ratio optimization of AlI203-MWCNT hybrid
nanofluid in minichannel heat sink for best hydrothermal performance. Applied
Thermal Engineering, 165, 114546.

Lagergren, S. (1898). About the theory of so-called adsorption of soluble substances. K Sven
Vetenskapsakad. Handingarl, 24, 1-27.

Lehmann, J. (2007). Bio-energy in the black. Frontiers in Ecology and the Environment, 5(7),
381-387.



Lehmann, J., Gaunt, J., & Rondon, M. (2006). Bio-char sequestration in terrestrial ecosystems—
A review. Mitigation and Adaptation Strategies for Global Change, 11(2), 403-
427.

Li, F., Shen, K., Long, X., Wen, J., Xie, X., Zeng, X., & Zhong, R. (2016). Preparation and
characterization of biochars from Eichornia crassipes for cadmium removal in
aqueous solutions. PloS one, 11(2), e0148132.

Liu, Y. (2008). New insights into pseudo-second-order Kkinetic equation for
adsorption. Colloids and Surfaces A Physicochemical and Engineering
Aspects, 320(1-3), 275-278.

Liu, Y., Lonappan, L., Brar, S. K., & Yang, S. (2018). Impact of biochar amendment in
agricultural soils on the sorption, desorption, and degradation of pesticides: A

review. Science of the Total Environment, 645, 60-70.

Loux, M. M., Liebl, R. A., & Slife, F. W. (1989). Adsorption of imazaquin and imazethapyr
on soils, sediments, and selected adsorbents. Weed Science, 37(5), 712-718.

Ld, J., Li, J., Li, Y., Chen, B., & Bao, Z. (2012). Use of rice straw biochar simultaneously as
the sustained release carrier of herbicides and soil amendment for their reduced
leaching. Journal of Agricultural and Food Chemistry, 60(26), 6463-6470.

Majumdar, K., & Singh, N. (2007). Effect of soil amendments on sorption and mobility of
metribuzin in soils. Chemosphere, 66(4), 630-637.

Xi



Mandal, A., Singh, N., & Purakayastha, T. J. (2017). Characterization of pesticide sorption
behaviour of slow pyrolysis biochars as low cost adsorbent for atrazine and

imidacloprid removal. Science of the Total Environment, 577, 376-385.

Manna, S., & Singh, N. (2015). Effect of wheat and rice straw biochars on pyrazosulfuron-
ethyl sorption and persistence in a sandy loam soil. Journal of Environmental
Science and Health, Part B, 50(7), 463-472.

Marinho, M. I. C., Souza, W. M., Cabral, M. F., Castro Neto, M. D., Queiroz, M. E. L. R., &
Silva, A. A. (2018). Sorption-desorption behavior of imazethapyr and imazapic

on six Brazilian soils. Planta Daninha, 36.

Mohan, D., Sarswat, A., Ok, Y. S., & Pittman Jr, C. U. (2014). Organic and inorganic
contaminants removal from water with biochar, a renewable, low cost and
sustainable adsorbent: A critical review. Bioresource Technology, 160, 191-

202.

Morrica, P., Fidente, P., Seccia, S., & Ventriglia, M. (2002). Degradation of imazosulfuron in
different soils-HPLC determination. Biomedical Chromatography, 16(8), 489-
494,

Mostafalou, S., & Abdollahi, M. (2017). Pesticides: An update of human exposure and
toxicity. Archives of Toxicology, 91(2), 549-599.

Mukherjee, A., Zimmerman, A. R., & Harris, W. (2011). Surface chemistry variations among
a series of laboratory-produced biochars. Geoderma, 163(3-4), 247-255.

xii



Nag, S. K., Kookana, R., Smith, L., Krull, E., Macdonald, L. M., & Gill, G. (2011). Poor
efficacy of herbicides in biochar-amended soils as affected by their chemistry
and mode of action. Chemosphere, 84(11), 1572-1577.

Nakatani, A. S., Fernandes, M. F., de Souza, R. A., da Silva, A. P., dos Reis-Junior, F. B.,
Mendes, I. C., & Hungria, M. (2014). Effects of the glyphosate-resistance gene
and of herbicides applied to the soybean crop on soil microbial biomass and

enzymes. Field Crops Research, 162, 20-29.

Nartey, O. D., & Zhao, B. (2014). Biochar preparation, characterization, and adsorptive
capacity and its effect on bioavailability of contaminants: An

overview. Advances in Materials Science and Engineering, 2014.

Niemi, R. M., Heiskanen, I., Ahtiainen, J. H., Rahkonen, A., Méntykoski, K., Welling, L., &
Ruuttunen, P. (2009). Microbial toxicity and impacts on soil enzyme activities

of pesticides used in potato cultivation. Applied Soil Ecology, 41(3), 293-304.

Ocampo-Perez, R., Leyva-Ramos, R., Mendoza-Barron, J., & Guerrero-Coronado, R. M.
(2011). Adsorption rate of phenol from aqueous solution onto organobentonite:
surface diffusion and kinetic models. Journal of Colloid and Interface
Science, 364(1), 195-204.

O'Sullivan, J., Thomas, R. J., & Bouw, W. J. (1998). Effect of imazethapyr and imazamox soil
residues on several vegetable crops grown in Ontario. Canadian Journal of
Plant Science, 78(4), 647-651.

Pérez-lglesias, J. M., Soloneski, S., Nikoloff, N., Natale, G. S., & Larramendy, M. L. (2015).

Toxic and genotoxic effects of the imazethapyr-based herbicide formulation

xiii



Pivot H® on montevideo tree frog Hypsiboas pulchellus tadpoles (Anura,
Hylidae). Ecotoxicology and Environmental Safety, 119, 15-24.

Pimentel, D., & Levitan, L. (1986). Pesticides: Amounts applied and amounts reaching
pests. Bioscience, 36(2), 86-91.

Pingali, P. L., Marquez, C. B., & Palis, F. G. (1994). Pesticides and Philippine rice farmer
health: A medical and economic analysis. American Journal of Agricultural
Economics, 76(3), 587-592.

Punia, S. S., Singh, S., & Yadav, D. (2011). Bioefficacy of imazethapyr and chlorimuron-ethyl

in clusterbean and their residual effect on succeeding rabi crops 43, 48-53.

Pusino, A., Pinna, M. V., & Gessa, C. (2004). Azimsulfuron sorption— desorption on
soil. Journal of Agricultural and Food Chemistry, 52(11), 3462-3466.

Rani, M., Saini, S., & Kumari, B. (2014). Leaching behaviour of chlorpyriphos and
cypermethrin in  sandy loam soil. Environmental Monitoring and
Assessment, 186(1), 175-182.

Ren, X., Yuan, X., & Sun, H. (2018). Dynamic changes in atrazine and phenanthrene sorption
behaviors during the aging of biochar in soils. Environmental Science and
Pollution Research, 25(1), 81-90.

Saha, A., Shabeer TP, A., Banerjee, K., Hingmire, S., Bhaduri, D., Jain, N. K., & Utture, S.
(2015). Simultaneous analysis of herbicides pendimethalin, oxyfluorfen,
imazethapyr and quizalofop-p-ethyl by LC-MS/MS and safety evaluation of
their harvest time residues in peanut (Arachis hypogaea L.). Journal of Food
Science and Technology, 52(7), 4001-4014.

Xiv



Shahid, M., Ahmad, A., Khalid, S., Siddique, H. F., Saeed, M. F., Ashraf, M. R., & Pinelli, E.
(2016). Pesticides pollution in agricultural soils of Pakistan. In Soil Science:

Agricultural and Environmental Prospectives, 199-229.

Si, Y., Wang, M., Tian, C., Zhou, J., & Zhou, D. (2011). Effect of charcoal amendment on
adsorption, leaching and degradation of isoproturon in soils. Journal of
Contaminant Hydrology, 123(1-2), 75-81.

Singh, N., Raunag, & Singh, S. B. (2013a). Effect of fly ash amendment on persistence of
metribuzin in soils. Journal of Environmental Science and Health, Part
B, 48(2), 108-113.

Singh, N., Raunaq, & Singh, S. B. (2013b). Reduced downward mobility of metribuzin in fly
ash-amended soils. Journal of Environmental Science and Health, Part
B, 48(7), 587-592.

Snyder, J. D., & Trofymow, J. A. (1984). A rapid accurate wet oxidation diffusion procedure
for determining organic and inorganic carbon in plant and soil

samples. Communications in Soil Science and Plant Analysis, 15(5), 587-597.

Solaiman, Z. M., Abbott, L. K., & Murphy, D. V. (2019). Biochar phosphorus concentration
dictates mycorrhizal colonisation, plant growth and soil phosphorus

cycling. Scientific Reports, 9(1), 1-11.

Sondhia, S. (2013). Evaluation of imazethapyr leaching in soil under natural rainfall

conditions. Indian Journal of Weed Science, 45(1), 58-61.

XV



Su, C. C.,, Ma, J. F.,, & Chen, Y. P. (2019). Biochar can improve the soil quality of new
creation farmland on the Loess Plateau. Environmental Science and Pollution
Research, 26(3), 2662-2670.

Tang, J., Zhu, W., Kookana, R., & Katayama, A. (2013). Characteristics of biochar and its
application in remediation of contaminated soil. Journal of Bioscience and
Bioengineering, 116(6), 653-659.

Tosi, S., & Nieh, J. C. (2019). Lethal and sublethal synergistic effects of a new systemic
pesticide, flupyradifurone (Sivanto®), on honeybees. Proceedings of the Royal
Society B, 286(1900), 20190433.

Trivedi, N. S., Mandavgane, S. A., & Kulkarni, B. D. (2016). Mustard plant ash: A source of
micronutrient and an adsorbent for removal of 2, 4-dichlorophenoxyacetic
acid. Environmental Science and Pollution Research, 23(20), 20087-20099.

USEPA. (1989). Imazethapyr Herbicide Profile 3/89. Chemical Fact Sheet for Imazethapyr.
United States Environmental Protection Agency, Office of Pesticide Programs,
Washington, DC, 196.

Veihmeyer, F. J., & Hendrickson, A. H. (1948). The permanent wilting percentage as a
reference for the measurement of soil moisture. Eos, Transactions American
Geophysical Union, 29(6), 887-896.

Venkatesh, G., Gopinath, K. A., Reddy, K. S., Reddy, B. S., Prasad, J. V. N. S., Rao, G. R., &
Venkateswarlu, B. (2018). Biochar production and its use in rainfed

XVi



agriculture: experiences from CRIDA. ICAR - Central Research Institute or
Dryland Agriculture, Hyderabad, 50.

Wauchope, R. D., Yeh, S., Linders, J. B. H. J., Kloskowski, R., Tanaka, K., Rubin, B., &
Unsworth, J. B. (2002). Pesticide soil sorption parameters: Theory,
measurement, uses, limitations and reliability. Pest Management Science, 58(5),
419-445,

Weber, Jr., Walter, J., & Morris, J. C. (1963). Kinetics of adsorption on carbon from
solution. Journal of the Sanitary Engineering Division, 89(2), 31-59.

Yang, X. B., Ying, G. G., Peng, P. A., Wang, L., Zhao, J. L., Zhang, L. J., & He, H. P. (2010).
Influence of biochars on plant uptake and dissipation of two pesticides in an
agricultural soil. Journal of Agricultural and Food Chemistry, 58(13), 7915-
7921.

Yavari, S., Asadpour, R., Kamyab, H., Yavari, S., Kutty, S. R. M., Baloo, L., & Sidik, A. B. C.
(2021). Leaching of polar herbicides in the presence of designed carbon

sorbents in soil.

Yavari, S., Kamyab, H., Asadpour, R., Yavari, S., Sapari, N. B., Baloo, L., & Chelliapan, S.
(2021). The fate of imazapyr herbicide in the soil amended with carbon

sorbents. Biomass Conversion and Biorefinery, 1-9.
Yavari, S., Malakahmad, A., & Sapari, N. B. (2015). Biochar efficiency in pesticides sorption

as a function of production variables: A review. Environmental Science and
Pollution Research, 22(18), 13824-13841.

XVii



Yavari, S., Malakahmad, A., Sapari, N. B., & Yavari, S. (2017). Synthesis optimization of oil
palm empty fruit bunch and rice husk biochars for removal of imazapic and

imazapyr herbicides. Journal of Environmental Management, 193, 201-210.

Yavari, S., Sapari, N. B., Malakahmad, A., & Yavari, S. (2019). Degradation of imazapic and
imazapyr herbicides in the presence of optimized oil palm empty fruit bunch

and rice husk biochars in soil. Journal of Hazardous Materials, 366, 636-642.

Yavari, S., Sapari, N. B., Malakahmad, A., Razali, M. A. B., Gervais, T. S., & Yavari, S.
(2020). Adsorption—desorption behavior of polar imidazolinone herbicides in
tropical paddy fields soils. Bulletin of Environmental Contamination and
Toxicology, 104(1), 121-127.

Yu, J., Deem, L. M., Crow, S. E., Deenik, J., & Penton, C. R. (2019). Comparative
metagenomics reveals enhanced nutrient cycling potential after 2 years of
biochar amendment in a tropical oxisol. Applied and Environmental
Microbiology, 85(11), e02957-18.

Yu, X. Y., Ying, G. G., & Kookana, R. S. (2009). Reduced plant uptake of pesticides with
biochar additions to soil. Chemosphere, 76(5), 665-671.

Zhang, X., Wang, H., He, L., Lu, K., Sarmah, A., Li, J., & Huang, H. (2013). Using biochar for
remediation of soils contaminated with heavy metals and organic
pollutants. Environmental Science and Pollution Research, 20(12), 8472-8483.

Zhao, X., Ouyang, W., Hao, F., Lin, C., Wang, F., Han, S., & Geng, X. (2013). Properties

comparison of biochars from corn straw with different pretreatment and

sorption behaviour of atrazine. Bioresource Technology, 147, 338-344.

XViii



Zhelezova, A., Cederlund, H., & Stenstrom, J. (2017). Effect of biochar amendment and
ageing on adsorption and degradation of two herbicides. Water, Air, & Soil

Pollution, 228(6), 1-13.

Zhou, Q., Zhang, N., Zhang, C., Huang, L., Niu, Y., Zhang, Y. & Liu, W. (2010). Molecular
mechanism of enantio selective inhibition of aceto lactate synthase by

imazethapyr enantiomers. Journal of Agricultural and Food Chemistry. 58,

4202-4206.

XiX



7/27/2022 11:39 AM

Chromatogram D:\YLClarity \Pesticides\Data\IMAZE STD 1PPM R1_10_24 2011 9_10_26 AM_312.PRM

Page 1 of 4

PAR DIVISION
ICAR-IGFRI, JHANSI

Dr. Anup Kumar

Chromatogram Info:

File Name : D:\YLClarity \Pesticides\Data\IMAZE STD 1PPM R1_10_24 2011 9_10_26 AM_312.PRM
Origin : Acquired, Acquisition started 10/24/2011 9:10:26 AM
Project : D:\YLClarity \Projects\Pesticides.PRJ

Printed Version Info:
Printed Version
Report Style
Calibration File

: D:\YLClarity \Common\Chromatogram.sty

: D:\YLClarity \Pesticides\Calib\IMAZETHYPR.CAL

1 4/22/2022 3:58:24 PM Recent (Linked Calibration)

File Created
Acquired Date

1 10/24/2011 9:14:29 AM
1 10/24/2011 9:14:28 AM

By : ANUP
Printed Date 1 7/27/2022 11:39:01 AM
By : ANUP

Sample Info:
Sample ID : IMAZE STD 1PPM R1 Amount [ppm] 1 20
Sample : ISTD Amount : 0
Inj. Volume [mL] 1 0.02 Dilution
Method : IMAZETHAPYR By : ANUP
Description :
Created 1 8/27/2021 6:28 PM Modified 1 4/22/2022 3:58 PM
Column Detection
Mobile Phase Temperature
Flow Rate Pressure
Note
Autostop : 4.00 min External Start : Start Only, Down
Detector 1 : Channel 1 Range 1 : Bipolar, 5000 mV, 5 Samp. per Sec.
Subtraction Chromatogram : (None) Matching : No Change
Base : Area Calibration File : IMAZETHYPR Calculation : ESTD
Scale Factor : Not Used Units After Scaling : Not Used Uncal. Response : 0
Unretained Time : 0.00 min Column Length : 50.00 mm Column Calc. : From Width at 50% of Height
Result Table Reports 1 All Peaks Hide ISTD Peak : Enabled
[mv] el
— IMAZESTD 1PPM R1_10_24_20119_10_26 AM_312 - Channel 1
6 ‘
[
|
A 80
5- —
~
o |
N =
( |
) << | o)
> = | El
8 3 o | 3
S | & | a
> [ | =
2| [ 40 ©
[
1 |
Fadh \ 20
s Y ) ‘
0 At AAISIINA A b A e AR g P A i ,‘“‘J’/ NV\“"‘\‘"VWM A A v“W‘N«"‘WMVMT ------- ‘&’LNNAWMM R A A S T P PR T WPV
\/ gt
I I I I 0
0 1 2 3 4
Time [min. ]




11/10/2021 4:02 PM

Calibration D:\YLClarity \Pesticides\Calib\IMAZETHYPR.CAL

IMAZETHYPR - Signal 1 - 2.847 min.

Page 3 of 4

Amount

Response | Amount Resp. Rec No.| Used
Factor
Peak Type Ordnr 1 73494:  0.1000 .  0.0136 1 =
Is or Uses ISTD Is ISTD5S 2 27.6804 |  0.5000 ;  0.0181 1
Left Window 0.2 min. 3 59.6747 7110000 T 0.0168 TR
Right Window 0.2 min. 4 97.6701 :  2.0000 :  0.0205 1
Response Base Area s 308.3543 410000 ¢ 0.0192 1B
Curve Fit Type Linear 6 302.0198 " 6.0000F  0.0199 1T
Origin Curve from Zero . 416.85171 80000 :  0.0192 1T
Weighting Method None 8 537.67037 10,0000 | 0.0186 T
Subst. Equation Y = 52.54742*X 9 0.0000 : ~ 0.0000 :  0.0000 o' M
Correlation Coef. 0.9992642 10 0.0000 : ~ 0.0000:  0.0000 0 [
Residuum 7.09305 [mV.s] 11 0.0000 ; ~ 0.0000 : 0.0000 0! [
Linearisation X None 12 0.0000 0.0000 0.0000 0: [
Linearisation Y None 13 0.0000 0.0000 0.0000 0 E
14 0.0000F " 0.0000 i 0.0000 0 4
15 0.0000 7 0.0000 1 0.0000 0
16 0.0000 ;" 0.0000 ;  0.0000 0 4
17 00000 0.0000 ;  0.0000 0 4
18 6.0000 7 0.0000 ¢ 0.0000 0"
19 0.0000 " 0.0000 :  0.0000 0
20 00000 0.0000 | 0.0000 R |
BL 0.0000 Blank 0.0000 0 =
[mV.s]
+
500
400
]
S 300 +
w
Q
o
200~
100 |
0 \ \ \ \ \
0 2 4 6 8 10

[mg]




Name

Father Name

Mother Name

Mobile Number :

CURRICULUM VITAE

Mamta Kaswa
Banshi Lal
Manni Devi

8955005448

Email mamtuchaudhary22@gmail.com
Date of birth 11-03-2000 W /
Nationality Indian
Permanent : Charanv’vas kalwar, District-Jaipur, Rajasthan 303706
Address .
Academic Qualification
Degree Board/University | Institution/School Year of | Percentage
Passing
M.Sc.(Agri.) RLBCAU, Jhansi | College of Agriculture 88.10%
Soil Science & 2022
Ag. Chemistry
B.Sc. (Hons.) SKNAU, Jobner | College of Agriculture 72.50 %
Agriculture Kumbher , Bharatpur 2020
Intermediate/10+2 | BSER Ajmer Deep Bal Bharti Sr. 83.40 %
Sec.School  Bhainsawa, | 2016
Jaipur
High School/10™ | BSER Ajmer Shri Laxmi Vidhya Peeth 77.33 %
: Sr. SS, Jhamri Talai | 2014
Pachar,Jaipur

DECLARATION

['do hereby declare that all information given above is true to the best of my knowledge and

belief.

Place: Jhansi

Your truly
N\amd™

Mamta Kaswa




