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ABSTRACT
Chlorpyrifos (CP) is a toxic organophosphorus pesticide. Owing to its large scale field
application, its residual contents have been reported in different fruits, vegetables, crop
plants, soils and waters. Due to its persistency it can enter in food chain and prove harmful
for humans and animals. Therefore it has become imperative to restrict its entry in
agricultural products for food safety. Therefore, two laboratory and one greenhouse pot
experiment were conducted to test the effect of biochar and compost amendments on the
sorption, persistence and bioavailability of CP using five different CP concentrations (5, 10,
50, 100 and 200 mg L-1) and two levels 0.25 and 0.50 % of compost and biochar. The
sorption of CP on amended and unamended soil was tested using batch equilibrium
method. Freundlich model fitted well and explained the sorption behavior of CP. Both
compost and biochar significantly increased the sorption of CP and the maximum sorption
capacities achieved at 0.50 % levels. However, biochar at both levels showed high
sorption capacities for CP compared to compost.
The degradation kinetics of CP at two initial concentrations (100 and 200 mg kg-1) was tested
in controlled conditions in a laboratory incubation trial in unamended (sterilized and nonsterilized) and amended (sterilized and non-sterilized) soil with biochar and compost (at
0.25% and 0.50% of each). The degradation data of CP in amended and unamended soil was
subjected to first order kinetic model. CP at 200 mg kg-1 showed less degradation rate
compared to 100 mg kg-1. The CP half-lives of 30 and 60 days were recorded at 100 and
200 mg kg-1 respectively in non-sterilized soil which were increased to 94 and 125 days in
sterilized soil. Incorporation of compost and biochar in CP contaminated soil affected
differently to the CP degradation and higher degradation of CP was recorded in compost
amended treatments than unamended as well as biochar amended treatments CP significantly
reduced the soil dehydrogenase, urease and phosphatase activities at the initial stage of
incubation. Both amendments significantly alleviated the negative effect of CP on all studied
enzymes activities and compost showed even higher enzyme activities compared to control
even in the presence of CP.

xvi

A greenhouse pot experiment was conducted to evaluate the influence of biochar and compost
amendments (at 0.25% and 0.50% of each) on the uptake of CP (at 100 and 200 mg kg-1) to
maize plants. The CP was toxic at both loadings and significantly reduced the shoot and
root fresh biomass as well as all tested physiological parameters. Maize plants showed
increased residual concentration of CP in both shoots and roots with increasing level of CP.
Maize plants induced variations in antioxidant enzymes activities in response to CP
stress. Application of both biochar and compost amendments alleviated the adverse effects of
CP in all studied parameters as manifested by the improvement in maize fresh biomass and
physiological parameters, recovered antioxidant enzymes activities and decreased residual
CP concentration in both roots and shoots of maize. However, biochar at 0.50% level was
more effective in reducing uptake of CP by maize plants compared to compost.

xv

CHAPTER 1
INTRODUCTION
The use of pesticides is indispensable for controlling insect pests in agricultural system to
augment crop production and for the sake of promoting public health by controlling various
diseases imposed by insect vectors in humans. The continued use of pesticides is necessary
for effective pest control and to maintain economy. The worldwide use of pesticides was
about 65 billion dollars according to the estimate in 2014 and 2016, in which the herbicides,
insecticides, and fungicides share is about 40, 17 and 10% respectively (Bourguet and
Guillemaud, 2016; EPA, 2016). According to waheed et al. (2017) Pakistan ranks at second
position in the total pesticide consumption among South Asian countries and major portion is
being consumed in agriculture sector., insecticides are among the highly used pesticides in
Pakistan constituting 76% of the total pesticides used (Basit et al., 2018). The pesticide use in
Pakistan has increased by 12% during the past two decades (Khwaja et al., 2013; Riaz et al.,
2017). According to Economic Survey of Pakistan, (2016) considering total pesticide usage,
20 % is being applied in crops like maize, rice, vegetables, fruits, wheat and sugarcane while,
the major portion (around 80%) goes to cotton.
The synthetic pesticides were used in agricultural system to protect the crops from insect pests,
weeds and fungi (Yang et al., 2007). Although pesticides are very helpful in increasing crop
production by mitigating the damage caused by insect pests (Hashmi et al., 2004) but at the
same time their use has led to many health defects in humans and animals and have
contaminated the environment (Li and Jennings, 2018). The ideal pesticide should not
contaminate the environment, biodegradable and should be toxic to only target organisms.
According to Kim et al. (2017) the applied pesticides may travel to nearby ecosystem
damaging non-target organisms.
Pimentel (2004) and Chenseng et al. (2006) stated that out of the total pesticides applied, 99.9
% contaminate the air, soil, surface and ground water while only 0.1% reaches the target pests.
In this way the pesticides can transfer to the food chain and seriously affect the biodiversity
(Nieder et al., 2018). The detection of pesticides metabolites and residues applied in soil for
controlling pathogens and insect pests has also been reported (Gamon et al., 2003). Besides soil
contamination, the careless washing of spraying equipment and dumping of empty containers,
1

direct runoff and leaching can also contaminate the water environment (Ahad et al., 2000,
2001; Tariq et al., 2004, 2006). The nearby water courses can also be contaminated during the
aerial application of pesticides by the processes of spray drift and runoff.

Most of the

pesticides production industries in Pakistan are adding huge amount of toxic pesticides by
discharging untreated waste materials into soil and water environment because of having no
facility to treat the wastes (Jilani and Altaf, 2004).
The organochlorine pesticides were among the most extensively used pesticides in the past, but
because of concerns of severe environmental toxicity and high persistence, they were banned
for use. Since then the organochlorine pesticides were substituted by organophosphorus
pesticides which are now heavily used for crop protection (Radcliffe, 2002). Due to high
efficiency of organophosphorus pesticides in controlling insects their use has increased during
last 40 years (Nodeh et al., 2017). Yet their toxicity has been reported in variety of non-target
organisms due to their low target specificity (Galoway and Hendy, 2003). The
organophosphorus pesticides are mostly used in agricultural areas for intentional suicides
purposes and their toxicity have become a global health problem (Singh et al., 2008)
Chlorpyrifos (CP) [O, O-Diethyl O-(3, 5, 6-trichloro-2-pyridinyl)-phosphorothioate] is a broad
spectrum toxic chlorinated organophosphorus acaricide and insecticide intensively used for
controlling mosquitoes in golf courses and home, on sheep and cattle for controlling
ectoparasites, and in agricultural industry for killing insect pests (EPA, 2009). The world health
organization (1997) classified CP as moderately hazardous in class II. It is fairly soluble in a
variety of organic solvents but has low water solubility (≤ 2 mg L-1 at 25 ºC). CP is not active
systemically and by ingestion, vapour action and contact it is effective. The CP have high soil
sorption coefficient and is low mobile in nature (Mackey et al., 1999). It is registered in
Pakistan for controlling insect pests of crops like vegetables, apple, maize, sugarcane, rice and
cotton and on a large scale is used for household insects and termites (Dow Agro Sciences,
1998-2011).
According to NCAP (2000), Phillips et al. (2017) and Rayu et al. (2017) the CP use on a large
scale has resulted in the contamination of water, air and soil environments. Its pollution has
been detected upto the 24 km from its point source. The enormous use of CP in Pakistan led to
the detection of its metabolites and residues in fish, unprocessed milk, cattle meat, road side
wild plants, in vegetables like spinach, brinjal, potato, tomato and cauliflower, in fruits like
2

citrus and apples, ground waters, cotton wheat fields (Ismail et al., 2017; Jawaid et al., 2016;
Rafique et al., 2016; Duntas and Stathatos, 2015; Islam et al., 2010, Muhammad et al., 2010;
Parveen et al., 2004). It is clear indication of great danger to human and animal health due to its
entry into the food chain.
The large scale environmental contamination by CP and associated health risks has attracted
the public attention (Gautam et al., 2016). The mechanism of CP toxicity is same for target and
non-target organisms including the inhibition of the activity of acetyl cholinesterase enzyme
leading towards neurotoxicity, malfunctioning of nervous system and immune system disorders
(Thrasher et al., 2002). In humans CP may also affect respiratory and cardiovascular systems
other health defects include paralysis, convulsions, and muscular twitching (Oliver et al.,
2000). The trace amounts of this insecticide have also been reported in cervical muscles and in
human sperms (Correra, 2016). The exposure of CP during pregnancy to women may cause
harmful effects on developing fetus. The oral lethal dose for CP in guinea pig is 500 mg kg-1 of
body mass and 70-83 mg kg-1 for rats (Mamczarz et al., 2016; Darwiche et al., 2018).
CP chronic and acute toxicity has also been reported in beneficial insects like wasps, ladybird
beetles and honey bees, in plants and birds (NRA, 2000) and aquatic organisms (Palma et al.,
2008). The exceeding amounts of CP in soil have shown negative impacts on soil microbial
populations and soil enzyme activities (Chu et al., 2008; Fang et al., 2009; Gilani et al., 2010),
suppress the nitrogen and phosphorous availability in soil (Sardar and Kole, 2005).
According to Wang et al. (2017) CP applied to plants directly or mixed with soil may produce
adverse effect on environment. Various studies have revealed the damaging effects of CP on
various plant attributes including seedling growth inhibition, reduction in root and shoot
growth, germination energy, germination percentage chlorophyll contents and morphological
traits (Wang et al., 2007; Yu et al., 2009; Zhang et al., 2011; Gvozdenac et al., 2013; Dubey et
al., 2015; Wang et al., 2017).
Yu et al. (2006) stated that the abiotic degradation of CP includes adsorption, leaching,
hydrolysis, runoff and photodegradation. The primary metabolite of CP TCP (3, 5, 6 trichloro-2
pyridinol) formed during abiotic degradation of CP having high water solubility and mobility
can translocate towards ground water to contaminate it. Its residues in sediments and soils have
also been reported and it may persist in soil from 65-360 days (Briceno et al. 2012; Das and
Adhta 2015). The half-life of CP ranged from 60-120 days but depending on its concentration,
3

type of formulation, soil carbon contents, pH, temperature, soil moisture contents can be
exceeded up to 360 days (Gilani et al., 2010).
Pesticides when entered in soil may undergo various transformation processes including
degradation, volatilization, runoff, leaching, sorption-desorption and plant uptake (Chowdhury
et al., 2008). The degradation of pesticides includes various processes such as photolysis,
oxidation, chemical hydrolysis and biodegradation (Singh et al., 2006). Adsorption is the main
process controlling its behavior and distribution in aquatic and soil environment (Arias-Esteves
et al., 2008).
Different strategies are being used to mitigate the pesticides contaminated soils such as
immobilization which include both ex-situ and in-situ methods to immobilize the pesticides in
soil, separation which include soil washing and flushing and third one is destruction which
include chemical as well as biological remediation techniques (Morillo and Villaverde,
2017).The sorption is one of the efficient processes affecting the fate of pesticides in the
environment. Sorption techniques are friendly in terms of being cost effective, using less
energy and tools which are easy to use and easily available (El Bakouri et al., 2009; De Wilde
et al., 2009a).
To enhance the soil fertility and crop productivity incorporation of organic residues is a
common practice from past. These organic residues affect the chemical and physical properties
of soil positively which is useful for immobilizing pesticide residues in soil (Agegnehu et al.,
2016; Mahmood et al., 2017; Cederlund et al., 2017). They help in the mitigation of
environmental pollution caused by pesticides by reducing their mobility through increased
sorption. Pakistani soils are characterized by low organic carbon contents (Tahir et al., 2016).
So, it is highly recommended to add materials having organic origin (Nicolas et al., 2012, Riaz
et al., 2017, Iqbal et al., 2017). Pesticide adsorption on organic amendments like biochar
decreases the availability of harmful organic contaminants present in soil to organisms and
restricts their transport to the receiving environment (Burgess et al. 2009; Cederlund et al.,
2017). Supplementation of soil with activated carbon or biochar can decrease the pesticide
uptake by plants (Hilber et al., 2009; Yu et al., 2009). Wheat and rice straw biochar was 2500
times more effective in enhancing sorption of soil compared to only soil (Yang and Sheng ,
2003).Cederlund et al., 2017 also reported the enhanced sorption of CP by biochar. The use of
composted material for increasing retention and reducing leaching of a pesticide has also been
4

reported by (Lopez-Pineiro et al., 2013). Insufficient literature is available on the effect of
different organic amendments on pesticides uptake by plants from contaminated soil. Few
studies are available on pesticides behavior in soil upon compost addition. The studies related
the influence of biochar and compost in reducing the bioavailability of CP and antioxidant
enzyme behavior of different plants species against CP toxicity is very limited. There is a dire
need to develop procedures to explore the immobilization mechanism of CP by organic
amendments. Keeping in view the above facts present study was designed with the following
objectives
1. To assess sorption dynamics of CP in compost and biochar supplemented soils.
2. To test the degradation behavior of CP both in the presence and absence of biochar and
compost in sterilized and non-sterilized soils.
3. To evaluate the effect of compost and biochar on the soil enzyme activities in the CP
contaminated soil.
4. To investigate the bioavailability of CP to maize (Zea mays L.) in response to soil
applied biochar and compost amendments and their effect on antioxidant enzymes.

5

CHAPTER 2
REVIEW OF LITERATURE
The CP is a broad-spectrum, toxic and persistent pesticide, introduced by Dow Chemicals as
insecticide in USA in 1965 (Worthing, 1979), which was First produced by Germans in 1930s.
It is a broadly used in effectively killing variety of damaging insect pests of the crops like
vegetables, fruits, citrus, bananas, strawberry, sugarcane and grain crops like maize wheat and
rice. (Fang et al., 2006).
The toxicity mechanism of CP includes the inhibition of the normal functioning of enzyme
acetyl cholinesterase due to which the acetyl choline starts accumulating at the neuronal
synapse causing neurotoxicity and ultimately death of the target organism (Hui et al., 2010).

2.1. Physico-chemical properties of CP
The CP (C9H11Cl3NO3PS, MW 350.6 g mol-1) is an ester produced by reacting O, O-diethyl
phosphorochlorodithioate with 3, 5, 6-trichloropyridin-2-ol (TCP) (Simon et al., 1998). Being
slightly volatile it has low vapor pressure (1.8 × 10-5 mm Hg). Its structural formula is
presented in Fig. 2.1. It is non-ionic in nature, hence does not dissociate in water. It is fairly
soluble in a variety of organic solvents like methanol, acetone and octane but has low water
solubility of 1.4 mg L-1 at 20 °C (Simon et al., 1998). Due to its hydrophobicity it has large
partitioning coefficient value for organic materials, which makes it good adsorbent for organic
matrices leading towards its low bioavailability for living organisms (Cederlund et al., 2017).
CP is available in solid and liquid formulations commercially. The point sources of CP in soil
and water include disposal of untreated waste materials from its manufacturing industries. The
non-point sources include runoff and leaching from agricultural fields.
According to Howard (1991) CP is a persistent compound as indicated from its half-life
(ranging from 60-120 days). Due to its harmful effects on living organisms and long
persistency in soil its behavior and fate in soil environment has extensively been studied
(Vischetti et al., 2007; Fang et al., 2008; Vejares et al., 2010). However, when applied at higher
concentration (for termite’s control) the CP was found resistant towards degradation and its
half-lives may be extended up to 175-1576 days which can remain effective in soil for up to 517 years (Racke et al., 1994; Baskaran et al., 1999).
According to the results of previous findings the factors governing the CP persistence include
its initial concentration applied, type of formulation, clay contents, soil moisture contents and
6

soil pH and temperature conditions. At low temperature CP was found more persistent (Racke,
1993; Gold et al., 1996).

Fig. 2.1. Chemical structure of CP
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Table. 2.1. Physicochemical properties of CP.
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2.2. Environmental toxicity of CP
The EPA, (2002) classified CP in class II of toxicity as moderately toxic in nature. The large
scale application of CP has resulted in its pollution of lakes, rivers, ground water, air and soil.
The non-target organisms like humans have been reported to acquired serious damage upon its
exposure including immune system abnormalities, nervous system disorders, small head
circumference, low birth weight and endocrine disruption (Furlong et al., 2006; Ranjan et al.,
2007; Rauh et al., 2011). According to Pesticide Action Network North America, (2006) the
exposure pathways of this insecticide include breathing in treated buildings, ingestion of
contaminated soil and direct dermal contact with treated surfaces. Food chain is another source
of its entrance in living bodies (Fenske et al., 2002). In humans the obstruction in the acetyl
cholinesterase enzyme activity has also been found as a mode of toxicity of CP (Duirk and
Collette, 2006). Various findings reported the defective respiratory and cardiovascular system
and malfunctioning of nervous systems upon exposure with CP in mammals (Aldridge et al.,
2005; Slotkin et al., 2005, 2006). The toxicity symptoms of CP in animals include excessive
salivation, rapid breathing, increased swallowing, rapid muscles contractions, twitching and
cholinesterase inhibition (NRA, 2000). Many animals showed symptoms of hyperglycemia
when exposed to acute and sub chronic exposures of CP. (Abdollahi et al., 2004; Pourkhalili et
al., 2009). The alteration of enzymatic and non-enzymatic antioxidant systems in response to
CP toxicity was reported by Goel et al. (2005). (Giordano et al. (2007) and Buyukokuroglu et
al. (2008) reported the oxidative stress in animals as a result of CP toxicity. The negative
impacts of CP on soil microbial community and soil enzymes activities were reported by
(Xiaoqiang et al., 2008; Fang et al., 2009; Gilani et al., 2010). Gilani et al. (2010) reported the
suppression in the growth of some Bacillus species in response to CP toxicity while, Klebsiella
species showed acceleration in growth. The degradation products of CP are reported even more
toxic compared to CP. Muscarella et al. (1984) reported two to three times more toxicity of
TCP which is its primary metabolite than CP.

2.3. Behavior of CP in the soil
The longer persistence and associated acute toxicity in living organisms caused by CP have
attracted the scientist’s attention to study its behavior in soil (Vischetti et al., 2007; Fang et al.,
2008; Vejares et al., 2010). The processes like degradation, adsorption, runoff, volatilization
and leaching control the CP behavior in soil. The soil serves as a reservoir by storing the
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pesticides on its organic fractions and through leaching, interflow, runoff and drainage act as a
source of contamination for food, animals, plants, water and air (Burauel and Bassmann, 2005;
Tariq et al., 2007).The CP persistence in soil governs by various factors including, application
rate, type of formulations used, soil moisture, clay contents, pH and temperature (Gold et al.,
1996) and it varies from 60-120 days depending on all these factors (Howard, 1991). Marino
et al. (2002) stated that following soil application, the distribution of pesticides occurs in
gaseous, liquid and solid form depending on the constants of sorption and volatilization. The
CP behavior in soil is controlled by environmental conditions, management practices, soil type
and physical and chemical properties of soil (Halimah et al., 2010). The transformation
processes through which CP distributed in the environment after application in soil are
discussed in following section.

2.3.1. Volatilization
After soil application, CP is primarily lost by the process of volatilization. According to Leistra
et al. (2006) as much as 90 % of CP is lost by this process following its application depending
on the management practices, physicochemical properties of the pesticides and environmental
conditions. The unfavorable environmental conditions during application result in the
significant loss of pesticide into surroundings. However, pesticide losses are greater from plant
surfaces compared to soil surface (Bedos et al., 2002). According to Racke, (1993) type of soil
and duration of application have significant influences on pesticide volatilization. In clayey soil
the CP was volatilized after 30 days of application while in case of silt loam and sandy soil the
rate of volatilization was faster during 1st week of application. Less volatilization occur from
soil surface compared to foliage in two days whereas half of the initial applied CP was lost by
volatilization after 26 days (Wang et al., 1993). The applied pesticides are volatilized due to
convection and diffusion at atmospheric interface and the reaction between soil chemicals and
solution phase organic compound (Kim et al., 2015). Through aerial application and spray drift,
CP is transported towards non-target areas. The key factors governing the high drift of CP are
environmental persistency and related transformations (NRA, 2000).

2.3.2. Sorption-desorption dynamics of CP
The process of sorption/desorption not only control the pesticide distribution in the soil profile
but also determine the degradability, bioavailability, leachability and their bioactivity in soil
environment. The factors affecting the sorption-desorption of pesticides include soil moisture
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contents, soil organic fraction, soil texture, temperature and pH. Although, pH and soil organic
matter mainly governs the sorption phenomena of CP and its metabolites. Various studies have
demonstrated that due to adsorption large amount of pesticide applied is retained by the soil.
Based on physical and chemical properties of pesticides and sorbent material the strength and
reversibility of sorption may change (Katagi, 2006; Nkedi-Kizza et al., 2006) the Koc values
indicates the affinity of a sorbate for specific sorbent, its values 6,000- 8,000 for CP describe
high affinity and low desorption potential. The CP has high partition coefficient and octanol
water coefficient values due to non-polar in nature which indicates its strong capacity to sorb
with organic matrices in soil. More sorption of CP has been found on soil surface while, its
metabolite TCP showed opposite behavior with more sorption as depth increases. Being
immobile in nature it remains associated with non-polar compound in soil. The low surface
runoff was reported from fields due to its strong sorption potential (Baskaran et al., 2003; Wu
and Laird, 2004). Sharom et al. (1980) reported high sorption of CP in organic soil compared to
mineral soil. They attributed this behavior to its lipophilicity. The strong sorption of CP on
sediments and soil may also be attributed to its high sorption coefficient and low vapour
pressure (Racke et al., 1994). The types of organic and inorganic fractions of suspended
sediments describe the CP behavior in aquatic system (Wu and Laird, 2004).

2.3.3. Degradation
The environmental degradation of pesticides has extensively been studies due to its complexity
in nature as a part of remediation techniques for the clean-up of environment from pesticide
pollution. Lu et al. (2006) stated that various physico-chemical and biological factors control
the pesticide degradation in soil to a varying extent. The knowledge of these factors is
important in increasing the effectiveness of pesticides degradation and application of suitable
remediation technologies for eliminating pesticides from the environment. Organophosphate
pesticides are considered safe for agricultural application due to their faster degradation rate.
The factors influencing the dissipation rate of these pesticides include photolysis, hydrolysis,
temperature, pH, soil microbial population and soil enzymes activities. The degradation rate of
CP is also affected by its initial concentration, and slower degradation rate was recorded when
the initial concentration was high (Murray et al., 2001). Gilani et al. (2010) investigated the
degradation of CP in a lab study after 6 and 12 months and found 100% recovery of this
pesticide. The active ingredient remained stable up to 12 months and no degradation was
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recorded. In laboratory studies the organophosphate pesticides have shown half-life of 10 days
as a result of hydrolysis, by decreasing pH up to 6 and temperature up to 5°C it may increase up
to more than 360 days (Ragnarsdottiv, 2000). In a study including 5 different soils from urban
areas of USA, the authors reported significant influence of factors like temperature and
moisture on CP degradation (Racke et al.,1994). The repeated application of CP did not show
any modification in its degradation rate while chlorothalonil and fenamiphos showed restricted
degradation after several applications. The combined application of pesticide also influences
the degradation of pesticides compared to their separate application. The combined application
of CP with chlorothalonil and fenamiphos resulted in the reduction in CP degradation rate
compared to the individual application of CP (Singh et al., 2002). The contrary results were
reported by Chu et al. (2008) who found non-significant alteration in CP degradation rate when
applied in combination with chlorothalonil. The effect of applied pesticide concentration,
temperature and soil moisture on CP degradation was investigated by Cink and Coats (1993) in
an alkaline soil and significant effects of all these factors were reported on the degradation rate
of this insecticide. The CP degradation as affected by soil depth was investigated by (Baskaran
et al. (2003) the abiotic hydrolysis was reported as dominant mechanism of CP in subsurface
and lower half-live was found in subsurface with alkaline soil compared to acidic surface soil.
A two year study was conducted to assess the degradation of bifenthrin, imidacloprid and CP in
quarry sand, sand dolomite and in red brown earth soil. All the three pesticides showed
different degradation behavior during experimental period. However, as the result of rapid
dissipation of TCP in all three mediums, alkaline hydrolysis remained a dominant process of
CP degradation (Baskaran et al., 1999).
Racke, (1993) studied the CP degradation in anaerobic (lake sediments) and aerobic (clayey
and loamy soil) conditions and reported half-life of 200 days in lake sediments while 51 and 39
days in clayey and loamy soil respectively. Under submerged conditions the alkaline or neutral
hydrolysis, while under air dry conditions clay-catalyzed hydrolysis influenced the rate of
degradation of CP. In submerged conditions or at field capacity the lower degradation rate was
recorded compared to air-dry soil. Under submergence, field capacity and air-dry conditions the
half-lives of 25.1, 22.0 and10 days were recorded respectively (Awasthi and Prakash, 1997).
The abiotic degradation of pesticides includes physical and chemical reactions such as
oxidation /reduction, hydrolysis, and photolysis. According to the findings of Getzin, (1981)
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and Racke et al. (1996) photolysis and chemical hydrolysis are the leading transformations that
control CP abiotic degradation. The rate of hydrolysis was 16 times lower in canal and pond
water compared to natural water. They further stated that the most important agent controlling
behavior of pesticide in the environment is the photo-transformation. During CP degradation on
soil surface the main factors which control the photo-transformations are oxidation,
dechlorination and hydrolysis (Walia et al., 1988). Faster degradation of CP was recorded
under open environment due to the involvement of soil microorganisms, water and sunlight
compared to laboratory environment where it remains stable for longer periods (Zepp and
Schlotzhauer, 1983).
The catalytic photo-degradation of CP was introduced due to the inefficiency of direct photodegradation. The increasing concentration of catalyst resulted in the accelerated photocatalytic
activity, but a reduction in activity could be found if its concentration exceeded from optimum
value. Muhammad (2010) reported greater catalytic photodegradation of CP in distilled water
compared to drinking water, river water, lake water and ground water.
The hydrolysis of CP is an essential transformation reaction. It includes alkaline and neutral
hydrolysis (Zamy et al., 2004). The rate of hydrolysis of CP depends on pH. With increasing
pH the rate of hydrolysis increases rapidly (Parolo et al., 2017). Three bonds breaks during
hydrolysis one phosphate ester and two tertiary alkyl ester bonds. The primary degradation
products in aqueous buffer and polar solvent mixtures during hydrolysis are TCP and O, O
diethyl phosphorothioic acid respectively (Abraham and Silambarasan, 2016).
Kumar et al. (2017) reported that when CP enters in water environment, three agents contribute
in its degradation. These are microbial degradation photolysis and hydrolysis. pH significantly
affects the CP degradation and rapid degradation was found at alkaline pH compared to acidic
pH (Singh et al., 2003; Hui et al., 2010). In alkaline soils the major degradation pathway is
hydrolysis and there found a strong relationship between soil pH and hydrolytic rate constant
(Racke et al., 1996) The CP hydrolysis in water follows first-order kinetics. At higher
concentration the rate of degradation were significantly slow.
Biotic degradation refers to the use of plants and microbes to decontaminate the water and soil
from pollutants (Nawaz et al., 2011; Prasertsup and Ariyakanon 2011). The microbes have been
used extensively for removing pollutants which are organic in nature form the wastewaters
coming from cities and industries. In most of the cases, owing to the unavailability of specific
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class of microbes responsible for the degradation process, many contaminants are not
completely breakdown. These shortcomings highlighted the needs for novel and improved
technologies in this regard. After that many strategies were reported in which bioavailability
along with bioaugmentation and biostimulation were adopted together to yield favorable
outcomes (Morillo and Villaverde, 2017).

2.3.4. Runoff and leaching
The runoff refers to the offsite transport of compounds with waters (Oliver and Kookana, 2006
and it resulted in a severe contamination of nearby water sources. In agricultural fields the
pesticides movement is the leading factors responsible for the contamination of surrounding
environment. The soil factors like organic matter, texture, composition of compounds in water
bodies and system hydrodynamics control the transport of pesticides by runoff (Connolly et al.,
2001). During heavy rainfall season the runoff from agricultural field is significantly increased.
EPA, (2006) reported the surface water contamination with CP after several months of
application via runoff and spray drift during application.
The soil applied pesticides may translocate through the soil and find their way towards ground
water to seriously contaminate it. The factors like pesticide solubility, pH, leachate volume,
adsorption potential of soil and soil organic matter contents influence the leaching ability of
pesticides. The type of soil also describes the amount of pesticide leached through it (Crisanto
et al., 2000). According to Spliid et al. (2006) the moving water takes the pesticides through
the macropores towards the deep in soil. Ismail et al. (2004) stated that Due to lower adsorption
potential the pesticide mobility was much more in course textured soil and the pesticide
movement was recorded faster than fine textured soil. In soil profile the preferential flow and
biodegradation processes largely affect the pesticide leaching. (Sander and Gerke, 2007;
Briceno et al., 2007). The leading factors directing preferential flow are macropores
distribution, size and their geometry. The remediation of contaminated ground water is very
time consuming, costly and complex process and it is very difficult to degrade toxic materials
completely (EPA, 2001). In the conditions of absence of leaching the half-lives of CP is
reported as 60 days
(EPA, 2006). An experiment was conducted by NRA, (2000) on four soils to test the leaching
behavior of CP in column studies. In aged soil the primary metabolite of CP degradation TCP
was found in leachates because at neutral pH TCP is a charged specie while, no leaching of CP
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was recorded being immobile in nature. According to Baskaran et al. (2003) the more
persistence and lower sorption potential and mobile nature of TCP make it a frequently
detected agent in ground and surface waters. After application at recommended dose the CP
residues were reported up to 7 days in soil samples taken from 10-20 cm depth and upto 5 days
in the top surface samples (Halimah et al., 2010). At high concentrations more leaching of CP
was recorded compared to lower concentration (Kotoula-Syka et al. 1993).

2.4. Pesticide pollution remediation techniques:
The use of pesticides has become indispensable in the era of modern agriculture. The largescale usage of pesticides has resulted in the deterioration of soil quality, severe pollution of soil
and damaged farmlands. The aggravated use of pesticides and lack of suitable remedial
techniques applicable to vast farm areas have further increased the problem (Morillo and
Villaverde, 2017). As a result, these are being detecting in agricultural produce, air waters and
soils. All these things have led towards the accumulation of residual contents of pesticides and
their metabolites above marginal levels in soil resulting from their consistent application. The
public and governments are now recognizing the probable effects of the pesticides on humans,
animals and environment. It has become the need of the day to develop and implement suitable
soil remediation techniques in order to ensure the protection of environment and human beings.
(Cheng et al., 2016). The biological, chemical and physical approaches are being applied to
stabilize, isolate or eliminate these contaminants as a part of soil remedial techniques.
According to Gavrilescu, (2009) many agents govern the assortment of remedial techniques
like, class and contents of pesticide to be isolate, properties of soil, type of pollution such as,
diffuse or punctual and ultimate usage of site. On the basis of applied approach, the
technologies of pesticide pollution remediation can be divided in to
1) The excavation and transportation of polluted media to another site for
remediation called ex-situ approach.
2) The excavation and treatment of polluted media at the same site called On-site
approach
3) The treatment and remediation of polluted media at the same site but without
excavation called In-situ approach
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Castelo-Grande et al. (2010) stated that the organic contaminants having same properties can be
remediated using any above technologies established for other organic contaminants. But in
reality, due to the involvement of factors like specific situation associated with site pollution
with these pesticides, only some selected technologies have been yet tested or studied. In most
of the sites the condition of non-point source of contamination prevails and it requires a totally
different technique for remediation compared with the site having a history of point source of
pollution. Moreover, these destructive techniques cannot be applied for agricultural soils due to
the concerns of maintenance of the characteristics of these soils.
Generally the remediation technologies can be categorized into three groups:
1. Destruction techniques
2. Separation techniques
3. Immobilization techniques
The destruction techniques involve biological as well as chemical remediation technologies.
The chemical remedial process deals mostly with ex-situ chemical degradation of contaminants
including reactions like oxidation and reduction. But in some cases in-situ chemical
degradation is also carried out. In oxidation techniques different oxidizing agents like chlorine
dioxide, hypochlorite and ozone are mostly used which mineralize the contaminants into water,
inorganics, less harmful metabolites or ultimately to CO2 (Pavel and Gavrlescu, 2008). But in
most cases these agents are not much effective to degrade pesticides and need combination with
ultraviolet visible light, semiconductors or some iron salts to yield better results (Cheng et al.,
2016). The use of zero-valent nano particles of iron is being experimented recently for some
organo-chlorine pesticides in which the in-situ dechlorination of these contaminants is
facilitated by reduction process after reaction with these iron particles (Sudharshan et al., 2012;
Han et al., 2016). However, a significant amount of these iron particles is lost during their
reaction with soil organic matter, oxide minerals and dissolved oxygen. Moreover, the high
redox reactivity and very small size of these iron particles may have negative effect on soil
earth worms, plants and soil microbial community (El-Temsah et al., 2016).
The biological remediation involves the use of earth worms (vermicomposting), use of plants
(phytoremediation) and use of fungi and bacteria (bioremediation). The efficiency of
bioremediation process is affected by many factors including some soil parameters (oxidation
reduction status, temperature, nutritional status, moisture contents and pH), the contaminants
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nature and most importantly the microbial diversity of the site in study (Niti et al., 2013). In the
cases where the microbial diversity is not enough to efficiently degrade the contaminants,
through bio-augmentation process the certain enriched microbial strains are inoculated in the
soil (Lopes et al., 2012) as well as provision of some nutritional contents like phosphorus,
nitrogen or other trace elements along with microbial inoculates through the process of biostimulation to increase their efficiency (Islas-Garcia et al., 2015). According to Maqbool et al.
(2016) recently, for pesticides degradation some fungal strains are being isolated and used.
Separation techniques include soil flushing and soil washing. Soil flushing deals with
enhancing the solubility of pollutant using extractants is an important remedial process. The
injection wells are used to inject flushing solvents. The immobilization of soil pollutants is
carried out through chemical reactions or solubilizing them. Most commonly solutions or
surfactants are applied as an additive agent. A fluid is flowed through the pollutant column
which extracts the contaminants, which bring out for reinjection, at site treatment, recirculation
or for disposal. The factors like pollutant type and properties of soil like moisture or soil type,
govern the efficiency of this practice. According to Di Palma et al. (2003) due to certain
limitations this technology barely applied yet for organic contaminants removal from soil. The
soil flushing using the process of electrokinetics is was introduced in this regard as a favorable
technique to overcome the shortcomings of previous technologies for its application in the
remediation of soil polluted with ionic pesticides. In this technique at subsurface of soil there
are electrodes around them electric current is provided, which alters the soil by initiating
electrophoresis, electromigration electro-osmosis precipitates dissolution reduction, oxidation
viscosity fluctuations and heating like processes (Rodrigo et al., 2014). These phenomena help
to remove soil contaminants by favoring their transport. The technology can be successfully
applied for the soils having low permeability, greater surface area and low hydraulic
conductivities like clayey soils. However, the studies reporting the application of this technique
include artificially contaminated media, therefore, their results are not applicable for samples
taken from originally contaminated soil. Due to the limited literature regarding originally
polluted soils show the limitations of this technique for its application at field level. Moreover,
For its field scale application, the environmental and technical problems need to be addressed.
For example, ecological impacts caused by using reductants, oxidants, co-solvents and
surfactants, beside it, harmful gaseous compounds produced as a result of conditioning
17

molecules oxidation and precipitation of anodic molecules. While, soil washing includes soil
contaminants removal which have chemical chemistry using tensioactives, acids and organics
by extracting them. The extractants are chosen on the basis of pollutants type which is to be
removed (Gao et al., 2013). In an ex-situ process, polluted media is dugged taken in an agitated
extracting unit and washing of this material is done using liquid containing these extractants to
remove pollutants from the soil. After the completion of remedial process the extractants are
removed by separating them (Ye et al., 2013). This technique has some limiting factors like,
toxicity of used solvents to soil microbes and removal of certain metals which are organically
bounded along with pollutants (Pavel and Gavrlescu, 2008).
Immobilization techniques deals with the incorporation of adsorbent material (organic
amendments) inside a pesticide contaminated medium which is a relatively economical and
new substitute for dealing soils highly polluted with pesticides (Morillo and Villaverde, 2017).
This technology has several advantages like due to sorption of pesticides by organic
amendments their bioavailability decreases which restrict their transportation towards ground
and surface waters as well as towards living species. Moreover, provision of nutrients by
organic amendments favors plant growth and restoring ecology (Khorram et al. 2016).
Generally, carbonaceous materials prepared through pyrolysis of feedstock or composted
agricultural wastes are used (Kupryianchyk et al., 2016).
2.5. Perspectives of the biochar and compost application for CP contaminated soils
2.5.1. Effect of biochar and compost on soil health and soil properties
Biochar is a solid material generated from the thermochemical conversion of feedstock in an
oxygen-limited environment (Ahmad et al., 2014). Organic wastes are important raw materials
of biochar. Biochar is used in carbon sequestration, soil amendment, carbon farming, climate
change mitigation and soil pollution remediation (Betts et al., 2013; Huang et al., 2014a; Khan
et al., 2013; Mohan et al., 2014; Woods et al., 2013b). The production technology is robust,
simple and appropriate for many regions of the world (Mohan et al., 2014). Biochar generally
increases crop yield, water retention, soil organic matter, microbial activity and soil nutrient
availability in soils, while decreasing its fertilizer needs, greenhouse gas emissions, nutrient
leaching, erosion, pollutant bioavailability and pollutant mobility (Hale et al., 2013; Masiello et
al., 2013; Wang et al., 2013; Lu et al., 2014a).
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Compost is a material formed after the microbial decomposition of organic materials derived
from humans, animals and plants under aerobic environment. It is an bio-decomposition, selfheating and aerobic process of organic waste, and it has advantages over other disposal
strategies because it reduces the volume of waste by 40-50% and provides a product that can be
used as a material for soil pollution remediation, as a soil conditioner or as a good-quality
fertilizer (Chen et al., 2015)
The most generally considered effect of compost addition to contaminated soils is the provision
of nutrients in terms of nitrogen and phosphorus (Antizar-Ladislao et al. 2004; Chen et al.
2015). However, compost supplementation also acts as organic conditioner and bulking agent,
which improves the overall structure by increasing the pore volume, gas space and waterholding capacity of the soil. Both conditions are needed in order to enable sufficient oxygen
transfer to (and CO2 transport from) the microbes and to provide sufficient chemical activity of
water needed for general microbial activity (Kastner and Miltner, 2016). The improved gas
conductivity in the soil compost mixtures and the resulting microbial activity also alters the
self-heating thermal properties of the mixture. This is particularly of interest in technical-scale
soil heaps for the treatment of contaminated soils. In addition, due to its buffering capacities,
compost addition in many cases also acts as pH adjustor of the soil compost mixtures towards
more neutral conditions (Gandolfi et al., 2010; Zhang et al., 2011). The positive effect of
compost addition on the activity and abundance of microbial biomass has been shown to persist
for more than 5 years in long-term studies (Hernandez et al., 2015).

2.5.2. Effect of biochar and compost on CP sorption
Compost and biochar, used for the remediation of soil, are seen as attractive waste management
options for the increasing volume of organic wastes being produced. The incorporation of soil
with black carbon and carbonaceous materials favors the adsorption of pesticides, decreases
their leaching potential and phytoavailability. The immobilization of depends on carbonaceous
materials and structural like bulk, pore and surface properties (Khorram et al., 2016; Wu et al.,
2016).
A non-carbonized fraction found in biochar can react with soil pollutants. Most importantly,
phenolic surface functional groups, hydroxyl and extent of O-containing carboxyl groups in
biochar have contaminants binding capacity (Uchimiya et al., 2011b). All these properties
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makes the biochar a very good adsorbent for a variety of inorganic and organic pollutants in
water and soil environment
Sorption mechanisms include electrostatic attractions between ionic organic compounds and
biochar charged surfaces. However, the diffusion and partitioning into the carbonized and noncarbonized biochar fractions could be a significant sorption mechanism for compounds which
are non-ionic in nature (Ahmad et al., 2014). Other mechanisms include hydrophobic effect,
hydrogen bonding, and pore filling (Tan et al., 2015). In case of composted material humic
substances containing several major functional groups, such as carboxyl, phenolic, alcohol and
carbonyl are responsible for sorption of organic contaminants like CP (Tejada et al., 2011).
Sorption is one of the main processes that determine the fate of pesticides applied to soils. Soil
sorption is characterized by a partition constant Kd, which is the concentration of pesticide in
the solid phase divided into the pesticide concentration at the liquid phase at the equilibrium
(Wauchope et al., 2002).
The sorption behavior of CP in soils differing in organic matter contents was studied. Different
concentrations of CP were tested in a batch sorption experiment. The shaking of samples was
done for 24 h using CaCl2 as a background solution. The supernatant was investigated for CP
concentration. High sorption capacities (93 and 79%) for CP was recorded in both tested soils
and the sorption intensity correlated well with clay contents 12.7 and 10.1% and specifically
with organic matter 3.9 and 2% respectively of both soils under study (Copaja et al., 2014).
The capacity of cotton residues derived compost material was tested in increasing the sorption
of CP on soil. Batch equilibrium method was used to assess the adsorption potential in unamended and amended soils. CP was tested in different concentrations ranging from 0-20 mg L1

. The linear regression well described the sorption data. The distribution coefficient values

were calculated using equilibrium and sorbed concentrations for CP. All amended treatments
showed a significant increase in the CP sorption compared to un-amended soil which was also
manifested by the elevated values for distribution coefficients in compost amended treatments
(Kravariti et al., 2014).
In an incubation trial Municipal solid waste and cow manure were evaluated for their potential
to sorb CP. The effect of CP and both organic materials on soil enzymes activities and earth
worms was also studied. The CP negatively affected the soil enzymes (dehydrogenase, urease
and phosphatase) activities as well as the biomass and glutathione-S-transferase activity of
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earth worms. Both amendments significantly alleviated the negative effects of CP, as revealed
by the recovered soil enzyme activities, biomass and earth worms glutathione-S-transferase
activity. The municipal solid waste showed better results in all cases compared to cow manure
(Tejada et al., 2011).
The efficiency of wood based biochar was tested in a sand column study to reduce the leaching
of four pesticides MCP, glyphosate, diuron and CP. CP showed highest sorption rate on biochar
among all pesticides. The results revealed that the sorption kinetics is governed by log Kow the
maximum value of which (4.7) was recorded with CP. Authors concluded that the leaching of
pesticides can be avoided if biochar is applied as a thin layer at or near soil surface to sorb
pesticides in the areas of regular handling of pesticides and where pesticides are potentially
spilled (Cederlund et al., 2017). Tatarkova et al. (2013) also reported the 2.53 times more
sorption of herbicide 2-methyl-4-chlorophenoxyacetic acid (MCPA) on wheat straw biochar at
1% rate compared to un-amended soil while, Yang et al. (2006) found biochar effective even at
lower (0.1%) rate in decreasing bioavailability of herbicide diuron by increasing its sorption.

2.5.3. Effect of compost and biochar on CP degradation in soils
The contrasting reports of the effect of organic amendments on pesticide degradation in soil
have been reported in literature. Some studies supported the enhanced degradation of pesticides
upon organic amendments addition while others reported the decrease in dissipation of
pesticides as a result of increased sorption in organically amended soils.
Mutua et al. (2015) tested the CP degradation in soil amended with two types of organic
amendments, Tithonia diversifolia L. leaves prepared within a sugarcane field and filter mud
compost at the field application rates of 5 ton ha-1 and 30 ton ha-1. The degradation of CP
significantly stimulated in both organically amended soils with half-lives of 24 and 21 days
respectively. A noticeably enhanced degradation of CP was recorded in the field having
previous CP application history with half-life of 21 days compared to the no application history
with half-life of 30 days. Furthermore, sterile soil showed significantly less CP degradation
(half-life 27 days) compared to non-sterile soil (half-life 161 days). The enhanced degradation
of CP was also reported by (Tejada et al., 2011) in cow manure and municipal solid waste byproduct amended soil. The amended soils showed 25.2 and 39.2 % respectively, less CP
concentration in soil compared to the control soil in which no CP was applied. Garcia-Jaramillo
et al. (2016) reported the enhanced degradation of herbicide azimsulfuron in a green waste
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compost amended soil with improved microbiological parameters and soil biochemical
properties in amended treatments while increase in the degradation of a fungicide in composted
spent mushroom substrate also reported by (Marin-Benito et al. (2009). Said-Pullicino et al.
(2004) evaluated the behavior of a herbicide degradation in compost derived hydrophobic
dissolved organic matter and compost amended soil. The degradation rate of herbicide was
rapid during initial stage of incubation followed by a slower phase. However, the amended
treatments showed reduced degradation of herbicide compared to the un-amended treatments
due to increased sorption of herbicide by the compost and compost derived material. The
reduced degradation may be attributed to less accessibility of organic pollutants to microbes
(Kookana, 2010; Sopena et al., 2012).

Barriuso et al. (1997) also reported the reduced

mineralization of herbicides pendimethalin, terbutryn, simazine, dimefuron and atrazine in the
treatments supplied with soil compost mixtures or only compost. Various studies have reported
yet the reduced degradation of CP in biochar amended soil. Yu et al. (2009) evaluated the
dissipation of CP in biochar derived from Eucalyptus spp. amended soil in a laboratory
incubation study. Biochar at 1% level reduced the degradation of the CP to 44 % compared to
un-amended treatment in which 86% of pesticide was degraded at the end of incubation period
of 35 days. Yang et al. (2010) also reported the reduction in degradation of CP 34% compared
to the control (68 %) in biochar amended soil derived from cotton straw with 161 % increment
in half-life of CP. The reduced degradation of other pesticides as a result of increased sorption
on biochar has also been found (yang et al., 2006; Loganathan et al., 2009 and Hiller et al.,
2009). While, enhanced degradation of pesticide has been reported by Qiu et al. (2009) in
wheat straw biochar due to the stimulation of microbial activity through provision of nutritional
contents by biochar. Mukherjee (2009) also reported stimulated atrazine a herbicide
degradation in charcoal amended soil.

2.5.4. Effect of compost and biochar on bioavailability CP to plants
The organic contaminant like pesticide should be bioavailable to be taken up by plants or to be
degraded by microbes. The bioavailable is that part of an organic contaminant that can easily
desorb from an adsorbent material into the aqueous phase (Hunter et al., 2010). In soil
environment the bioavailability and extractability of organic pollutants depends on the
chemistry and contents of soil organic matter (Kookana, 2010). Beside it, physico-chemical
properties of adsorbent material, contact time between adsorbate and adsorbent and
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contaminant properties like n-octanol/water partition coefficient and water solubility also
govern the bioavailability of these organic compounds (Beckingham and Ghosh, 2017).
The uptake of pesticides by plants from soil has been reported in wheat and oilseed rape
seedlings (Wang et al., 2007), spring onion (Yu et al., 2009), Chinese chives (Yang et al.,
2010), grass species (Dubey and Fulekar, 2011), white mustard and maize (Gvozdenac et al.,
2011), wheat (Copaja et al., 2014). The literature related to the pesticides plant uptake is yet
very limited. A pot experiment in controlled conditions was carried out by Yu et al. (2009) to
delineate the bioavailability of CP to spring onions in un-amended and wood chips biochar
amended soil. The soil was contaminated with 50 mg kg-1 of CP and spring onions were grown
for 35 days in the contaminated soil in the presence and absence of biochar. CP significantly
suppressed the spring onions fresh biomass. The biochar supplementation significantly
recovered the reduction in fresh biomass of spring onion and alleviating trend was increased
with increasing the biochar rate from 0.1 to 1.0 %. Moreover biochar significantly decreased
the CP uptake by spring onions compared to the un-amended contaminated treatments. Similar
results were reported by Yang et al. (2010) who tested the uptake of two pesticides fipronil and
CP in Chinese chives plants as affected by biochar addition in soil. These studies reported the
90 and 81% reduction in the bioavailability of CP to spring onions and Chinese chives
respectively by the addition of biochar compared to un-amended treatments.
Reviewing all the above literature it could be concluded that CP is a toxic, broad spectrum and
moderately persistent insecticide. The persistence of CP in soil depends on application rate,
type of formulation, clay contents, pH, soil and temperature. Its wide use in agriculture has led
to its contamination in soil, surface and ground waters. The fate of CP in soil depends on
various processes like sorption desorption, leaching, runoff, degradation and plant uptake.
Through plant uptake it may become the part of agricultural produce and may enter in food
chain to seriously affect the humans and animals. Various strategies are there for the
remediation of pesticide contaminated soils in order to control their entry in edible products.
Pesticides immobilization in soil through sorption is a cost effective strategy and can easy to
adopt. The organic amendments through sorption mechanism decrease the availability of the
harmful organic contaminants present in soil to organisms and restricts their transport to the
receiving environment. The nano-porosity, high specific surface area, and the presence of
humic like substances make the biochar and compost as efficient sorbent material for
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hydrophobic pesticides like CP. The biochar and compost amendments could effectively be
used for decreasing bioavailability of clorpyrifos in agricultural soils through enhanced
sorption.
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CHAPTER 3
MATERIALS AND METHODS
Three studies, two laboratory (in controlled conditions) and one greenhouse experiment were
conducted to test the effect of biochar and compost on the sorption, persistence and
bioavailability of CP. The analytical procedures and methodology are presented here
3.1. Experimental soil sampling and amendments preparation
Soil was collected (0-30 cm upper layer, random method) from the farm area of village dijkot
in Faisalabad district, Pakistan. The soil was air dried in the laboratory for a week, passed
through 2 mm sieve made of stainless steel, after pulverization with wooden roller and,
vigorously mixed and stored. The soil is moderately calcareous, under canal water irrigation,
having illite minerals in dominance, developed from alluvium under arid climate which during
Pleistocene periods was derived from Himalayas (Murtaza et al., 2014).
The biochar was produced from wheat straw in a laboratory muffle furnace under limited
oxygen conditions at 500 ᵒC as described by Sanchez et al. (2009). Compost was produced from
agricultural waste material and plant leaves as described by Ahmad et al. (2007). The biochar
and compost were first air dried for a week in laboratory then dried at 70 ᵒC in an oven for 3
days, grinded to a fine powder manually with a grinder and roller, passed through 200 µm sieve
and stored for use.
3.2. Pesticide and chemicals
Analytical grade (99.5%) CP was obtained from Dr. Ehrenstorfer GmbH (Germany).Technical
grade (97% pure) CP was purchased from Ali Akbar Enterprises, Pvt. Ltd. Lahore, Pakistan.
The acetone, methylene chloride and n-hexane used were of analytical grade and obtained from
Merck (Germany). Anhydrous sodium sulfate, calcium chloride and florisil used in the
extraction and clean-up processes were purchased from Sigma-Aldrich (Sydney, Australia).

3.3. Study 1: Sorption of CP to biochar and compost amended soil
3.3.1 Sorption experiment
The sorption of CP on amended and un-amended soil was tested using batch equilibrium
method. Standard stock solution (1000 ppm) and the working solutions of CP were prepared in
acetone. Triplicate soil samples (5 g each) un-amended and amended with 0.25% and 0.50 % of
both biochar and compost was taken in 50 ml centrifuge tubes. The working solutions were
used to spike the soil samples resulting in the final concentrations of 5, 10, 50, 100 and 200 mg
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L-1. After spiking soil with CP solutions the centrifuge tubes were kept in the fume hood for
the evaporation of carrier acetone. When all the carrier solution was evaporated, 20 mL of
background solution 0.01 M CaCl2 (freshly prepared in ultrapure water) was added in each
tube. To test the pesticide degradation during batch process a blank with only CaCl2 and
pesticide solution without adsorbent was used. All the samples were shaken for 24 h at constant
temperature in an orbital shaker at 15 RPM. The 24 h period is sufficient enough to achieve
equilibrium (Rojas et al., 2013). All the samples were run in triplicate and the values presented
in results were the mean of three replicates.
3.3.2. Extraction of CP from aqueous phase:
To determine the CP concentration in supernatant the extraction procedure was as follows.
After shaking the solid and solution phases were separated by centrifugation for 15 minutes at
500 g. The well separation of both phases by centrifugation was guaranteed by (DelgadoMoreno et al., 2010). After centrifugation, the supernatant was removed from the centrifuge
tubes through pipetting and taken in glass separatory funnel of 100 mL capacity. The
supernatant in separatory funnel was vigorously mixed with equal volume of methylene
chloride for one minute. The fraction of methylene chloride was collected after phase
separation and filtered with whatman filter paper No. 41 containing 20 g of anhydrous sodium
sulfate in order to remove moisture contents. The remaining aqueous phase in the separatory
funnel was extracted two more times with fresh methylene chloride and after filtration the
filtrate of all three steps was combined and concentrated on rotary evaporator at 35°C to about
5 mL and taken in 10 mL glass amber vials. The concentrated filtrate was further dried under
air nitrogen generator to dryness. The residues were redissolved in 1ml hexane to run on a gas
chromatography mass spectrometry (GC-MS) (Shimadzu QP-2010) for CP determination.
3.3.3. Chemical analysis:
The analysis of concentration of CP in supernatant at equilibrium was carried out on GC-MS in
Pesticide Residue Laboratory, Kala Shah Kaku Pakistan. The instrumental conditions were:
Injection mode was splitless with the sampling time of 1 minute. The temperature of injection
was 220°C. The carrier gas was 99.9% Helium. The helium flow rate was 1.70 mL min-1. Oven
temperature was 50 °C (1 minute) ramping to 180 °C. at 20 °C min-1, to 190 °C at 10 °C to
240 °C at 3 °C min-1, to 300 °C at 10°C minute-1 and then hold for 6 minute. Total program
time was 37.17 min. the MS conditions were: the ion source temperature was 200 °C MS
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interface temperature was 280 °C, solvent cut time was 5 min. Selected ion mode was used for
the detection of CP. For CP the mass fragments monitored were m/z 197, 199 and 314.
3.6. Study 2: Effect of biochar and compost on the degradation of CP in sterilized and
non-sterilized soil
3.6.1. Laboratory incubation experiment:
An incubation trial was conducted in the growth room of institute of Soil and Environmental
Sciences, University of Agriculture Faisalabad in order to test the degradation behavior of CP
in un-amended (sterilized and non-sterilized) and amended (sterilized and non-sterilized) soil
with biochar and compost. Soil was taken in plastic jars 200 g each. The amendments (biochar
and compost) were thoroughly mixed to achieve 0.25 and 0.50 % by soil weight. The soil was
supplied with CP solution prepared in acetone resulting in the spiked concentration of 100 mg
kg-1 and 200 mg kg-1 of soil. The treatment combinations were as follows.
T =
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T =

CP 100 ppm

T =
2
T =

CP 200 ppm
CP100 ppm + compost 0.25%

T =

CP200 ppm + compost 0.25%

T =

CP100 ppm + compost 0.50%
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CP200 ppm + compost 0.50%

0
1

3
4
5
6

T

=

CP100 ppm + biochar 0.25%
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CP200 ppm + biochar 0.25%

T

=

CP100 ppm + biochar 0.50%

T

=

CP200 ppm + biochar 0.50%

7
8
9
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Three replicates of each treatment were taken. The jars were shaken on a rotary shaker for 24 h
in order to complete mixing of soil and pesticide solution, after that the jars were placed in
fume hood for two days for the evaporation of acetone.
Another set of jars was prepared in three replicates with the same treatment combinations as
above except for sterilized soil in each treatment. The soil was sterilized (before the
contamination with CP solution) in an autoclave at 120 °C for 30 minutes under 300 k Pa
pressure chamber as described by Yang et al. (2010) and the process of autoclaving was
repeated two times. Appropriate amount of sterile deionized water was added in each jar to
reach 50 % of water holding capacity. The jars were capped and incubated in dark at 20 ± 5 °C
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for four months. Every 2 days, soil moisture was maintained by adding deionized water. Soil
was taken out from each jar at the intervals of 0, 7, 15, 30, 60, 120 days to determine CP
remaining concentration and soil enzyme activities and stored at -20 °C until analysis.
3.6.2. Extraction of CP from soil:
For the extraction of CP 10 mL of mixture of acetone/n-hexane (1:1 v/v) was added in 1 g of
soil in centrifuge tubes and mixed for 1 minute on a vortex mixture. The ultrasonication of the
mixture was carried out under an ultrasonicator for 2 h. The centrifuge tubes then shaken on an
orbital shaker for 12 h. After shaking the tubes were centrifuged for 15 min. at 1300g for phase
separation. When solid and aqueous phases were separated the supernatant was removed by
pipetting and transferred to glass amber vials after filtration. The filtrate then dried under N2
gas in an air nitrogen generator to dryness. The residues were redissolved in 1mL n-hexane for
CP determination on GC-MS.
3.6.3. Chemical analysis
The CP concentration in soil samples was determined by GC-MS. The instrumental conditions
were as described in section 3.3.2.
3.6.4. Determinations of soil enzyme activities
3.6.4.1. Soil dehydrogenase activity
The method described by Min et al. (2001) was used to determine the dehydrogenase activity of
incubated soil samples. 5 M TTC solution was prepared in Tris-HCl buffer of pH 7.4. 5 gram
moist soil samples were incubated in 5 mL TTC solution at 37 °C for 12 hours. To end the
reaction immediately after incubation, 2 drops of concentrated sulfuric acid were added. The
TPF extraction procedure was as follows. Blending of soil samples with 5 mL of toluene
followed by shaking at 250 rpm for 30 min, centrifugation of soil samples for 5 min at 4500
rpm. After centrifugation supernatant was removed carefully to determine the optical density
using spectrophotometer at 492 nm. Soil dehydrogenase activity was expressed as μg TPF g-1
soil 12 h-1.
3.6.4.2. Soil urease activity:
The buffered method of Kandeler and Gerber (1988) was used in order to assay the urease
activity of soil using urea as a substrate. The soil was added with aqueous urea solution (1M)
and then incubated at 37 °C for 2 h. The extraction of ammonium was done by using HCl (10
mM) and KCl (1M). The urease activity was determined by the ammonium released.
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3.6.4.3. Soil phosphatase activity:
Phosphatase activity was measured using p-nitrophenyl phosphate as substrate (Tabatabai and
Bremner,1969). Phosphatase activity was determined using p-nitrophenyl phosphate disodium
(PNPP, 0.115 M) as substrate. This assay is based on the detection of p-nitrophenol (PNP) after
releasing. 0.5 g of moist soil was incubated for 90 min at 37°C followed by the addition of 0.5
ml substrate and 0.1 M maleate buffer of pH 6.5 (2mL). The contents then cooled down to 28
°C in order to stop the reaction. The centrifugation of mixture was done for 5 min at 2000 g
after the addition of 2 mL of each NaOH (0.5 M) and CaCl2 (0.5 M). The amount of PNP was
determined at 398 nm with the help of a spectrophotometer.
3.7. Study 3: Bioavailability of CP to maize plants in biochar and compost amended soils
3.7.1 Plant growth experiment
Maize (Zea mays L.) grown in sandy clay loam soil was used as a test crop in this study. The
experiment was conducted in a greenhouse using plastic pots to avoid leaching of water and
pesticide. Before filling the pots soil and amendments were thoroughly mixed to achieve 0.25%
and 0.50% of biochar and compost by soil dry weight (w/w). Each pot was filled with 2.5 kg
amendment free and amended soil. The soil was contaminated with CP solution in acetone
resulting in the spiked concentration of 100 and 200 mg kg-1. The treatment combinations have
been descried in section 3.6. The pots were agitated on an orbital shaker for 24 h to ensure
complete mixing of soil and pesticide solution. When all carrier acetone was evaporated after
another 2 days, the deionized water was added to adjust the moisture contents at 50% of water
holding capacity. Four maize seeds were sown in each pot. The plants were harvested after 60
days. The above ground parts of maize were cut on soil surface. The maize roots were carefully
removed from the soil. The growth parameters of shoots and roots were determined. A small
portion (5 g) of soil was removed from each pot after thorough mixing for CP residue
determination in post-harvest soil. The shoots and roots were thoroughly washed with
deionized water to remove soil particles and air dried at room temperature in the laboratory for
24 h.
3.7.2. Residue extraction and cleanup:
The extraction and clean-up of CP from plant and soil samples (shoots and roots) was done by
procedure stated by Yu et al. (2009). Plant sample (2.5 g) was ground in a pestle and mortar
with 10 g of anhydrous sodium sulfate. The mixture then extracted with 15 mL of solvents
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acetone and n-hexane (1:1 v/v). The extraction procedure was as follows. Vortex mixing of
mixture for one minute, ultrasonication for two hours, shaking on an orbital shaker for 12 hours
and centrifugation for 15 min, at 1300 RPM for phase separation. The supernatant was removed
following centrifugation was dried under N2 gas. The residues were redissolved in 1 ml
acetone. The extracts then further purified by florisil clean-up process. 5 mL of hexane passed
through the column and discarded, and then another 5 mL of hexane/dichloromethane (1:1, v/v)
was used to wash out CP sorbed by the florisil, collected and dried under N2, and then
dissolved in 1 mL acetone for determination of CP by GC-MS. A recovery experiment was
carried out with the fortification of plant materials with CP ranging from 1 to 10 mg kg-1. The
recovery ranged from 75 to 90 %.
For extraction of soil samples, 1 g soil was extracted with 10 mL of acetone and n-hexane (1:1
v/v) with the same procedure stated above. For recovery experiment the soil samples were
spiked with CP 1-50 mg kg-1. The recoveries for soil samples ranged from 80-90 %.
3.7.3. Residue analysis
The analysis of concentration of CP in plant and soil samples was carried out on GC-MS in
Pesticide Residue Laboratory, Kala Shah Kaku Pakistan. The instrumental conditions were:
Injection mode was splitless with the sampling time of 1 min. The carrier gas was 99.9%
Helium. The helium flow rate was 1.70 mL min-1. Oven temperature was 50 °C (1 min)
ramping to 180 °C. at 20 °C min-1, to 190 °C at 10 °C to 240 °C at 3 °C min-1, to 300 °C at
10°C min-1 and then hold for 6 min. Total program time was 37.17 min. the MS conditions
were: the ion source temperature was 200 °C MS interface temperature was 280 °C, solvent cut
time was 5 min. Selected ion mode was used for the detection of CP. For CP the mass
fragments monitored were m/z 197, 199 and 314.
3.7.4. Extraction and determination of antioxidant enzyme activities:
Enzyme extract was prepared by the procedure stated by Ni et al. (1996) taking 0.5 g of plant
samples with liquid N2, crushed using a pre-cooled mortar and pestle by keeping pestle into ice
to avoid heating during crushing in 2 mL of 100 mM potassium phosphate buffer (pH 7.8, with
1 mM EDTA 1% Triton X-100, 15% glycerol). The samples were centrifuged at 15,000 rpm for
15 min at 4°C. The supernatant was removed, stored at -20 °C and used for the determination
of activities of antioxidant enzymes.
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The superoxide dismutase (SOD) was determined using the procedure stated by Giannopolotis
and Ries (1977) by using UV-visible spectrophotometer at 560 nm. When nitro blue
tetrazolium (NBT) photochemical reduction is inhibited this indicates activity of SOD. For the
determination of SOD 950 μL phosphate buffer (50 mM ) of pH 7.8, 75 mM EDTA (500 μL), 1
mL NBT (50 μM), 1 mL Riboflavin (1.3 μM,), 500 μL Methionine (13 mM ) with 50 μL of
above prepared enzyme extract were used. The tubes in which all above chemicals were used
except enzyme extract considered as blank. One unit of SOD was defined as the amount of
enzyme required to cause 50% inhibition of the reduction of NBT on a spectrophotometer at
560 nm in compared to blank.
The procedure of Teranishi et al. (1974) was used to assay the Catalase (CAT) activity by
estimating residual hydrogen peroxide by forming titanium-hydro peroxide complex. The 3 mL
reaction mixture contained 0.1 mM phosphate buffer (pH 7.0), 6 mM H2O2 and 0.2 mL enzyme
extract. The reaction was stopped after 5 min by the addition of 2 mL of titanium reagent,
which also formed yellow titanium-hydro peroxide complex with residual hydrogen peroxide.
After 30 min aliquot was centrifuged at 10000 g for 10 min. Absorbance of supernatant was
recorded at 410 nm by using spectrophotometer.
Peroxidase (POX) activity was assayed using protocol described by Castillo et al. (1984) as
increase in optical density due to the formation of tetra-guaiacol. The 3 mL reaction mixture
contained 16 mM guaiacol, 2 mM H2O2, 0.15 M phosphate buffer (pH 6.1) and 0.1 mL enzyme
extract diluted 10 times. Absorbance due to the formation of tetra-guaiacol was recorded at 470
nm on a spectrophotometer and enzyme activity was calculated as per its extinction coefficient
of 26.6 mM-1 cm-1.
3.7.5. Determination of physiological parameters of maize shoots:
The chlorophyll contents were determined using chlorophyll meter (SPAD-502) and expressed
as SPAD value. The stomatal conductance (gs), transpiration rate (E) and photosynthesis rate
(A) was determined with the help of Infra-Red Gas Analyzer (Li-Cor 6400 XT).
3.8. Soil and amendments analysis
This section will present the procedures and descriptions of methods used for the determination
of chemical and physical soil and amendments characteristics. Before the experiment, the
analysis of soil was done for soluble cations and anions, texture, Sodium adsorption ratio
(SAR), total N, P, K, cation exchange capacity and CaCO3 following the methods described by
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U.S. Salinity Lab (1954). The concentration of Zn, Fe and Mn in soil was determined by using
aqua regia method (HNO3: HCl; 1:3) (Haynes et al., 2009). The pH and EC of soil and
amendments was measured by suspension method (1:10 [w/v] and 1:20 [w/v] solid: distilled
water ratio) respectively after shaking for 90 min in deionized water on mechanical shaker
(Gaskin et al., 2008) using a pH (JENCO Model-671P) and conductivity meter (HANNA
HI8033), respectively. Total N was determined by the Kjeldahl method (U.S. Salinity Lab.
1954). By using the method of Wolf, (1982) the nutrients Mn, Fe, Zn, K and P were determined
from compost and biochar by digesting the samples in sulfuric acid (H2SO4) and hydrogen
peroxide (H2O2). The total organic carbon contents in compost and biochar samples was
determined by the procedure stated by Carballa et al. (2014) using TRL-TOC/TN analyzer
made in Anarkara, Turkey.
3.8.1 Soil saturation extract
The saturated extract was obtained from the soil paste by applying vacuum. After taking
saturated extract the analysis for soluble cations and anions was done within 15 days. However,
one drop (per 25 ml extract) of the solution of Sodium hexametaphosphate (0.1%) was added in
the extract before storage in order to avoid salts precipitation.
3.8.2 Electrical conductivity (ECe) of saturation extract
The ECe was measured by using conductivity meter (HANNA HI8033). The EC meter was
calibrated with KCl solution of 0.01N. the formula used for calculating cell constant (k) was:

The ECe was converted into TSS (mmolc L-1)
3.8.3. pH of saturated soil paste (pHs)
pHs was recorded with the help of Sensodirect-200 pH meter, after calibrating it with buffer
solutions of pH 4.0 and 9.2.
3.8.4. Soil texture determination
The soil texture was determined using following the procedure of Bouyoucos (1962) also called
hydrometer method. The soil particles were dispersed in the suspension by using sodium
hexametaphosphate [(NaPO3)]. First hydrometer reading taken after 4 minutes (HR1)
represented the contents of clay and silt. The reading taken after 2 hours (HR2) represented the
clay in the soil suspension. The temperature corrections of HR1 and HR2 have been
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represented as CHR1 and CHR2, respectively. The international textural triangle was used to
determine soil texture.

3.8.5. Calcium carbonate (CaCO3)
The method described by (Allison and Moodie, 1965) was used to determine calcium carbonate
contents of soil. After treating the soil with hydrochloric acid (1N), the flasks were left for 12
hours after vigorous mixing. Adding phenolphthalein indicator (2-3 drops), the volume was
made upto 100 ml using distilled water. NaOH (1 N) was used for titration until end point (light
pink) was achieved.

3.8.6. Soil Organic matter (OM)
The protocol stated by (Jackson, 1962) also called Walkley-Black method was followed for
determining the soil organic matter. 10 mL of K2Cr2O7 (1N) was added in 2 g soil and
vigorously mixed. After 30 minutes the distilled water was added to make volume up to 200
mL. After adding 0.2 g NaF, 10 mL H3PO4 and indicator diphenyl-amine (30 drops) the
titration was done with FeSO4.7H2O. Noting the end point dull green the reading was taken.
The formula used to calculate organic matter was
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3.9. Statistical analysis
The obtained data from each parameter was subjected to analysis of variance using Statistics
Version 8.1 software (Steel et al., 1997). The data gathered from all the studies were analyzed
statistically following Analysis of Variance technique (ANOVA). Data represent the mean
values of three replicates and standard error and standard deviation were calculated. The means
were compared by applying least significant difference test (LSD) at p ˂ 0.05 for critical
difference between treatments. The P ˂ 0.05 represent the significant statistical difference
between treatments.
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CHAPTER 4
RESULTS AND DISCUSSION
4.1.Study 1: Sorption of CP to biochar and compost amended soil
4.1.1. Introduction
In the era of rapid development in industrialization and food stress global agriculture, the use of
pesticides has increased. Pesticides are very helpful in increasing crop production by mitigating
the damage caused by insect/pests (Hashmi et al., 2004) but at the same time these have led to
many health defects in humans and animals and have contaminated the environment. Pimentel
(2004) and Chenseng et al. (2006) stated that out of the total pesticides applied the 99.9%
contaminate the air, soil, surface and ground water while only 0.1% reaches the target pests. In
this way the pesticides can transfer to the food chain and seriously affect the living organisms
(Araujo et al., 2003; CFTRI, 2003). The detection of pesticides metabolites and residues
applied in soil for controlling pathogens and insect pests has also been reported by (Redondo et
al., 1997 and Gamon et al., 2003).The pesticide kinetics in the soil system is extremely
complex. After entering the soil environment pesticide fate include, infiltration towards ground
water, runoff, plant uptake, volatilization, degradation and sorption (Chowdhury et al., 2008).
In order to control the pesticide translocation to the receiving environment (either plants,
ground or surface waters) the adoption of effective agricultural strategies has become
imperative (Rojas et al., 2015). According to Arias-Esteves et al. (2008) sorption is the leading
factor controlling the behavior and distribution of pesticides in terrestrial and aquatic
environment. The soil applied organic amendments can affect the transport of pesticides in soil
by enhancing their sorption and reducing their mobility (Cederlund et al., 2017). Therefore,
present study was designed with the hypothesis that compost and biochar amendments addition
to soil may increase the CP sorption capacity of soil and ultimately reduce its bioavailable
fraction in solution phase.
4.1.2. Methodology
4.1.2.1. Soil and amendments characteristics
Soil was collected randomly from upper (0-30 cm) from the farm area of Village No.132/GB in
the district of Faisalabad, Pakistan. Soil was dried for a week in the laboratory and passed
through 2 mm stainless steel sieve after grinding with the help of wooden roller. The biochar
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was produced from wheat straw in a laboratory muffle furnace under limited oxygen conditions
at 500 °C as described by (Sanchez et al., 2009). Compost was produced from agricultural
waste material and plant leaves as described by Ahmad et al. (2007). The biochar and compost
were first air dried for a week in laboratory then dried at 70 °C in an oven for 3 days, grinded to
a fine powder manually with a grinder and roller, passed through 200 µm sieve and stored for
use. The physico-chemical characteristics of soil and amendments are given in table 4.1.
4.1.2.2. Sorption experiment and sorption isotherm
The batch equilibrium method was used to test the sorption of CP on amended and unamended soil. Standard stock solution (1000 ppm) and the working solutions of CP were
prepared in acetone. Triplicate soil samples (5 g each) un-amended and amended with 0.25 %
and 0.50 % of both biochar and compost was taken in 50 mL centrifuge tubes. The working
solutions were used to spike the soil samples resulting in the final concentrations of 5, 10, 50,
100 and 200 mg L-1. After spiking soil with CP solutions the centrifuge tubes were kept in the
fume hood for the evaporation of carrier acetone. When all the carrier solution was evaporated,
20 mL of background solution 0.01 M CaCl2 (freshly prepared in ultrapure water) was added in
each tube. To test the pesticide degradation during batch process a blank with only CaCl 2 and
pesticide solution without adsorbent is used. All the samples were shaken for 24 h at constant
temperature in an orbital shaker at 15 RPM. The 24 h period is sufficient enough to achieve
equilibrium (Rojas et al., 2013). All the samples were run in triplicate and the values presented
in results were the mean of three replicates. The method used by Rojas et al. (2013) was
applied to determine the CP concentration in the supernatant and was analyzed for CP
concentration on GC-MS. The detailed extraction procedure and instrumental conditions have
been explained in section 3.3.2 and 3.3.2.
The difference between the CP concentration in supernatant at equilibrium and the initial CP
concentration in the solution was taken as amount of CP sorbed using the following formula.
(

)

Where,
Ci = initial concentration of CP spiked (mg L-1)
Ce = equilibrium CP concentration in supernatant (mg L-1)
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Cs = amount of CP sored (mg kg-1)
V = volume of solution (L)
W = adsorbent mass (g)
3.3.4. Distribution coefficient (Kd)
The distribution coefficient was calculated by dividing CP sorbed concentration Cs by CP
equilibrium concentration Ce as reported by (Rojas et al., 2015).

Kd =
4.1.2.3. Fitting CP sorption data to isotherm equations
The data obtained from the sorption of CP study was fitted to the Freundlich isotherms to
obtain sorption parameters and equations.
log Cs = log Kf + 1/n log Ce
Cs

OR

= Kf (Ce)1/n

Where,
Cs

= weight of CP adsorbed per unit weight of adsorbent (mg kg-1)

Ce = equilibrium CP concentration in solution (mg L-1)
1/n = empirical constant called indicate sorption intensity expressed in L kg-1
Kf = Freundlich constant and indicates sorption capacity (mg kg-1)
The plots between log (Ce) vs log (Cs) were constructed for soil, soil+ biochar and soil +
compost treatments under study. 1/n and log (Kf) represent gradient and intercept respectively
Kf indicates Freundlich constant calculated by taking intercept antilog. Adsorption isotherms
equations, slope and intercept were constructed.
The CP sorption data was also fitted to Langmuir model to obtain equation and Langmuir
parameters

Where,
Cs

= weight of CP adsorbed per unit weight of adsorbent (mg kg-1)

Cm = maximum sorption capacity relative to total surface coverage (mg kg-1)
Ce = equilibrium CP concentration in solution (mg L-1)
K = Langmuir constant indicates affinity between adsorbate and adsorbent
37

The plots between 1/Cs and 1/Ce were made for soil, soil+biochar and soil+compost under
investigation. The 1/Cm.K and 1/Cm represent the slope and intercept respectively, while
Langmuir constant K was calculated as 1/slope.Cm. The slope, intercept and equations of
Langmuir sorption isotherm were constructed.
4.1.3. Results:
4.1.3.1. The sorption of CP in amended and un-amended soil:
The % sorption of CP on soil alone and on compost and biochar amended soil is presented in
table 4.2. Generally the CP sorption increased with the increase in initial concentration of CP in
both un-amended and amended soil but the trend was not linear. The distribution coefficient
(Kd) values were calculated by dividing sorbed concentration of CP by the equilibrium
concentration. All amended treatments showed significantly high Kd values compared to unamended treatment for CP sorption. In case of un-amended soil, the CP sorption linearly
increased up to the initial CP concentration of 50 mg L-1 at which 81% of CP was sorbed with
the Kd value (17.2 L kg-1). After that CP sorption decreased with increasing concentration. In
case of compost amended soil similar trend was found and at 0.25% level of compost
maximum CP sorption (89.8%) recorded at initial CP concentration of 50 mg L-1 with Kd value
(35.2 L kg-1). While at 0.5% level of compost maximum sorption (98.4%) with Kd (246 L kg-1)
was recoded with initial CP concentration of 5 mg L-1. The biochar amended soil showed
similar linearity trend up to 50 mg L-1 and maximum (93.4 and 99.8%) sorption and Kd (56.4 L
kg-1 and 1996 L kg-1) values were recorded at 50 and 5 mg L-1 initial CP concentration
respectively.
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Table 4.1. Some physic-chemical properties of the soil and amendments used in studies
Parameter

Soil

Biochar

Compost

ECw(1:10) (dS m )

3.21 ± 0.08

4.01 ± 0.08

3.10 ± 0.15

TSS (mmolc L-1)

32 ± 0.2

--

--

pHw(1:10)

7.44 ± 0.10

7.89 ± 0.08

6.25 ± 0.09

Texture

Sandy clay loam

--

--

Sand (%)

56.4 ± 1.04

--

--

Silt (%)

18.9 ± 0.98

--

--

Clay (%)

24.7 ± 1.01

--

--

CaCO3 (free lime) %

4.80 ± 0.06

21 ± 1.91

39 ± 2.54

5.2 ± 0.87

85 ± 3.94

107.5 ± 4.34

Organic matter (%)
Total nitrogen ( mg kg-1)

0.43 ± 0.04
217 ± 19.79

-9000 ± 126

-12274 ± 165

Total phosphorus (mg kg-1)

321 ± 24.49

3400 ± 61

2931 ± 32

Total potassium (mg kg-1)

232 ± 21.56

36000 ± 282

1700 ± 12

Total organic carbon (%)

0.87± 0.03

43.80 ± 1.65

35.36 ± 1.32

Specific surface area (m2 g-1)

--

4.83± 0.09

1.37 ± 0.04

Pore volume (cm3 g-1)

--

Pore width (nm)

--

-1

-1

CEC cmolc kg

0.0051± 0.0001 0.0035± 0.0001
5.0 ± 0.51

Values are the means of 3 replicates ± standard error.
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18 ± 0.32

Table. 4.2. Amount and % of sorbed CP
Treatment

Initial CP
conc.
(Ci)

Equilibrium CP
Conc.
(Ce)

% CP
sorbed

Kd

2.5

50

4.00

4.15

58.5

5.64

9.45

81.1

17.16

22.05

77.95

14.14

CP + soil

5

CP + soil

10

CP + soil

50

CP + soil

100

CP + soil

200

59.76

70.12

9.39

CP + soil + compost 0.25%

5

1

80

16.00

CP +soil + compost 0.25%

10

2.58

74.2

11.50

CP + soil + compost 0.25%

50

5.1

89.8

35.22

CP + soil + compost 0.25%

100

10.52

89.48

35.54

CP + soil + compost 0.25%

200

30.91

84.545

22.53

CP + soil + compost 0.50%

5

0.08

98.4

246.00

CP + soil + compost 0.50%

10

0.61

93.9

61.57

CP + soil + compost 0.50%

50

1.2

97.6

162.67

CP + soil + compost 0.50%

100

4.03

95.97

96.25

CP + soil + compost 0.50%

200

13.07

93.465

58.13

CP + soil + biochar 0.25%

5

0.65

87

26.77

CP + soil + biochar 0.25%

10

1.92

80.8

16.83

CP + soil + biochar 0.25%

50

3.31

93.38

56.42

CP + soil + biochar 0.25%

100

7.98

92.02

47.63

CP + soil + biochar 0.25%

200

26.99

86.505

26.53

CP + soil + biochar 0.50%

5

0.01

99.8

1996.00

CP + soil + biochar 0.50%

10

0.1

99

396.00

CP + soil + biochar 0.50%

50

0.5

99

396.00

CP + soil + biochar 0.50%

100

2.81

97.19

136.93

CP + soil + biochar 0.50%

200

9.75

95.125

78.87
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Table. 4.3. Isotherm modeling parameters of Freundlich and Langmuir model for CP sorption

Freundlich

Treatments

1/nf
….

CP + Soil

Kf

Langmuir
2

QL

KL

2

(mg kg )

R
....

(mg kg )

(L kg )

R
….

1.2979

4.34

0.92

88.50

0.043

0.96

CP+ Compost 0.25% + Soil

1.1845

15.95

0.93

26.46

0.003

0.95

CP+ Compost 0.50% + Soil

0.7649

111.85

0.92

1.10

0.004

0.85

CP+ Biochar 0.25% + Soil

1.0644

28.68

0.91

28.74

0.001

0.93

CP+ Biochar 0.50% + Soil

0.5548

218.83

0.97

0.10

0.005

0.86

-1

-1

-1

4.1.3. Adsorption model and adsorption isotherm
The values of Freundlich and Langmuir modeling parameters have been shown in table 4.3.
The values of correlation coefficients (R2) indicated that the sorption data of CP best fitted to
the Freundlich model (The correlation coefficient (R2) values are ˃ 0.90). In case of Langmuir
model parameters the values of correlation coefficient are less than 0.90 for the CP sorption on
soil + compost 0.50% and soil + biochar 0.50% and the values of Langmuir constants recorded
are very less in all cases. So the Langmuir model was not best fitted with the CP sorption. So,
only Freundlich model was chosen for further discussion.
The Freundlich isotherm for the CP sorption on only soil is shown in Fig 4.1. The isotherm was
constructed by plotting equilibrium CP concentration vs. sorbed CP concentration per unit
weight of soil. The linear form of Freundlich equation was used to examine the constructed
isotherm and the data showed good fit. This can be proved by looking at the value of
correlation coefficient (R2) value (0.92). From this linear plot the values of 1/n and Kf were
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obtained. The 1/n was obtained from slope, and Kf was calculated by taking the antilog of the
intercept. The values of 1/n and Kf we got were 1.2979 and 4.34 mg kg-1 respectively.

Fig. 4.1. Freundlich sorption isotherm of CP for individual soil
Figs 4.2. and 4.3. show the Freundlich isotherm for CP sorption on soil + compost 0.25% and
soil + compost 0.50% . The sorption capacity can be assessed by the position of curve on the
graph. We found the curve for sorption of CP on soil + compost 0.25% higher on y-axis
compared to only soil and the curve for CP sorption on soil + compost 0.50 % higher than both
only soil and soil + compost 0.25% (Fig 4.4.). The correlation coefficient values obtained were
0.93 and 0.92, the 1/n values obtained from the curve were 1.18 and 0.76 while the Kf values
calculated were 16.0 and 112.0 mg kg-1 for CP sorption on only soil, on soil + compost 0.25%
and on soil + compost 0.50% respectively.
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Fig. 4.2. Freundlich sorption isotherm for CP sorption on soil + compost 0.25%

Fig. 4.3. Freundlich sorption isotherm for clorpyrifos sorption on soil + compost 0.50%
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Fig. 4.4. Combined sorption isotherm for CP sorption on soil and compost
The Freundlich isotherm for the CP sorption on soil + biochar 0.25% and soil + biochar 0.50%
is shown in Figs 4.5 and 4.6. The sorption data showed best Freundlich fitting as indicated from
the obtained correlation coefficient values for 0.91 and 0.97 for the CP sorption on soil +
biochar 0.25% and soil + biochar 0.50% respectively, the 1/n values obtained from the curve
were 1.0644 and 0.5554 while the Kf values calculated were 28.68 mg kg-1 and 218.83 L kg-1
respectively.
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Fig. 4.5. Freundlich sorption isotherm for CP sorption on soil + biochar 0.25%

Fig. 4.6. Freundlich sorption isotherm for CP sorption on soil + biochar 0.50%
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Fig. 4.7. Combined sorption isotherm for CP sorption on soil and biochar
4.1.4. Discussion:
The large-scale application of CP has resulted in the contamination of soil and water
environment (Rayu et al., 2017). Therefore remedial actions are needed in order to restrict the
translocation of CP to the receiving environment (Yang et al., 2010). The sorption is one of the
efficient processes affecting the fate of pesticides in the environment. Sorption techniques are
friendly in terms of being cost effective, using less energy and using the tools which are easy to
use and easily available (El Bakouri et al., 2009; De Wilde et al., 2009a). Organic matter added
in soil provides the most important sorbent surfaces for the nonpolar pesticides having low
water solubility because phase partitioning is driven by hydrophobic interactions (Hamaker and
Thompson, 1972; Moyo et al., 2014). The soil applied organic amendments can affect the
adsorption of pesticides in soil and reduce their mobility (Cederlund et al., 2017).
The capacity of two types of organic amendments in increasing the sorption of CP on soil was
tested in this study. The sorption data was subjected to Freundlich and Langmuir models. On
the basis of correlation coefficient values it was assessed that the Langmuir model was not
applicable with the sorption data of this study, moreover, very small values were obtained for
Langmuir parameters (KL and QL) which are impracticable (Monkiedje and Spiteller, 2002; De
Wilde et al., 2009b). In Langmuir model it is assumed that monolayer sorption occurs on the
sorption sites present on the adsorbent surface (Langmuir, 1918). Therefore, monolayer
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sorption of CP is not valid for this study. Similar results have been reported by a number of
researchers. De Wilde et al. (2009b) evaluated the adsorption of various pesticides on organic
amendments and concluded that Langmuir model was not applicable for the adsorption of
metalaxyl on straw, peat mix, cow manure and coconut chips. These results were later
confirmed by Rojas et al. (2013) and Rojas et al. (2015) for CP sorption on different organic
amendments. While, Freundlich model was well fitted with this study sorption data as indicated
by the correlation coefficient values (˃ 0.90) in all cases. This indicates that CP sorption on the
surface of soil and amendments is a multilayer sorption process (Rojas et al., 2013; Rojas et al.,
2015).
The data regarding percent sorption of CP on un-amended and amended soil (Table 4.2)
indicates the non-linearity of sorption. These results are in line with that reported by Spurlock
and Biggar (1994) and De Wilde et al. (2009b). They stated that the organic amendments and
pesticides polar groups interact specifically with each other which results in the non-linearity of
sorption. Adjustment of sorption data to the Freundlich model also indicates the non-linearity
of sorption (Rojas et al., 2013).
We can classify the sorption isotherm as C, L or S type on the basis of 1/n values (Giles et al.,
1960). For the CP sorption on un-amended soil, soil + 0.25% compost and soil + 0.25% biochar
the isotherm was of S type (1/n ˃1) and for CP sorption on soil+ 0.5% of both amendments the
isotherm was of L type (1/n ˂1). The 1/n values can be used to determine the strength of bond
between adsorbate and adsorbent the greater value of 1/n indicates the bond is weak (Ismail et
al., 2013). The highest 1/n value was found for un-amended soil while for amended soil lower
values were found in all cases in this study indicates the more strength of adsorption.
The sorption capacity of the pesticide can be assessed by the position of the sorption isotherm
on the y-axis. The high curve on the y-axis indicates more sorption capacity of the adsorbents
for adsorbate (Rojas et al., 2013). All the amended treatments showed higher sorption isotherm
for CP sorption on y-axis compared to un-amended treatment. The highest sorption curve was
obtained with CP sorption on soil + 0.50 % biochar in this study. The micro-porosity and high
specific surface area of biochar (Deng et al., 2017) and variety of functional groups provided
by humic-like molecules and increased specific surface area due to humification of organic
macromolecules in compost (Zbytniewski and Buszewski, 2002; Medina et al., 2017) makes
them very efficient sorbent materials for a variety of organic contaminants for reducing their
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toxicity. The Freundlich parameter kf values all significantly increased in all amended
treatments. The increased Kf values are also indicator of high sorption capacity (Giles et al.,
1960). The sorption capacities for CP were found in the order of soil + biochar 0.50% ˃ soil +
commpost 0.50% ˃ soil + biochar 0.25% ˃ soil + compost 0.25% ˃ only soil (un-amended).
The increase in the sorption capacity for CP and other pesticides by the addition of biochar has
been reported by various researchers (Yu et al., 2006; Spokas et al., 2009; Cederlund et al.,
2017; Tang et al., 2017) and by the addition of compost (Kravvariti et al., 2010; Tejada et al.,
2011). However, biochar at both levels showed significantly high sorption capacities compred
to compost. The more CP sorption potential of biochar could be attributed to its high organic
carbon contents, specific surface area, greater pore volume and lower pore width compared to
compost used in our study (Table 1).
4.1.5. Conclusion
The effect of compost and biochar was assessed to increase the sorption capacity of agricultural
soil for CP. The sorption data was characterized using Langmuir and Freundlich models.
Freundlich model well fitted and explained the sorption behavior of CP in un-amended as well
as amended soil. Both compost and biochar significantly increased the sorption of CP and the
maximum sorption capacities achieved at the 0.50% level of both amendments. However,
biochar at both levels showed high sorption capacities for CP compared to compost. The
sorption capacities obtained were in the order of soil + biochar 0.50% ˃ soil + compost 0.50%
˃ soil + biochar 0.25% ˃ soil + compost 0.25% ˃ only soil.
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4.2. Study 2: Effect of biochar and compost on the degradation of CP in sterilized and
non-sterilized soil
4.2.1. Introduction
The field application of pesticides on a large scale has resulted in a severe contamination of soil
environment (Briceno et al., 2012). Most of the pesticides being used have negative impacts on
plant growth, soil fertility and adversely affect the functional diversity of soil microbial
population which is endangering the sustainability of agricultural system (Fang et al., 2009).
Moreover, the degradation products of pesticides having greater mobility are contaminating the
groundwater by infiltration through the soil as well as the surface water bodies and sediments
by runoff (Garg et al., 2010; Chai et al., 2013; Lu et al., 2013). CP (CP) is widely used to
control soil insect pests in agricultural sector. Its half-life in soil range from 60 to 120 days
(Howard, 1990). It is highly toxic to terrestrial and aquatic organisms (Brogan et al., 2017) and
is known to cause immunotoxic and neurotoxic effects in humans and animals (GomezGimenez et al., 2017; Wang et al., 2017b). The extensive use of CP and its residues detection in
agricultural products, surface and ground water bodies has attracted the scientist’s attention to
assess and treat the problem on urgent basis (Pandey and Singh, 2004; Spliid et al., 2006;
Pereira et al., 2017).
Organic amendments added in soil can affect the fate of pesticides in soil by providing multiple
sorbent surfaces thus reducing their leaching potential (Moyo et al., 2014; Garcia-Jaramillo et
al., 2014; Tang et al., 2017) and can enhance their degradation (Garcia-Jaramillo et al., 2016).
Therefore, present study was conducted with the objectives to investigate the degradation of CP
in the presence and absence of biochar and compost in sterilized and non-sterilized soil and to
evaluate the effect of both amendments on the soil enzymes activities in the CP contaminated
soil.
4.2.2. Methodology
4.2.2.1. Soil preparation, spiking and incubation
The soil used was of sandy clay loam texture. The soil was air dried in shade for a week,
pulverized with wooden roller and passed through 2 mm sieve and thoroughly mixed. The
biochar and compost were first air dried for a week in laboratory then dried at 70 ᵒC in an oven
for 3 days, grinded to a fine powder manually with a grinder and roller and passed through 200
µm sieve to use in this study. The detail about soil and amendments has been explained in
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study 1. Soil samples in triplicate were taken in plastic jars of 200 g each. The amendments
biochar and compost were thoroughly mixed to achieve 0.25 and 0.50 % by soil weight. The
soil was supplied with CP solution prepared in acetone resulting in the spiked concentration of
100 mg kg-1 and 200 mg kg-1 of soil. The treatment combinations have been explained in
section 3.6.1.The treatments were abbreviated as CP0B0C0 (control), CP100 (CP at 100 mg kg-1),
CP200 (CP at 200 mg kg-1), CP100C0.25 (CP100 mg kg-1 and compost at 0.25%), CP200C0.25
(CP200 mg kg-1 and compost at 0.25%), CP100C0.50 (CP100 mg kg-1 and compost at 0.50%),
CP200C0.50 (CP200 mg kg-1 and compost at 0.50%), CP100B0.25 (CP100 mg kg-1 and biochar at
0.25%), CP200B0.25 (CP200 mg kg-1 and biochar at 0.25%), CP100B0.50 (CP100 mg kg-1 and
biochar at 0.50%), CP200B0.50 (CP200 mg kg-1 and biochar at 0.50%). The jars were shaken on a
rotary shaker for 24 h in order to complete mixing of soil and pesticide solution, after that the
jars were placed in fume hood for two days for the evaporation of acetone. Another set of jars
was prepared in three replicates with the same treatment combinations as above except for
sterilized soil in each treatment. The soil was sterilized (before the contamination with CP
solution) in an autoclave at 120 ᵒC for 30 minutes under 300 k Pa pressure chamber as
described by (Yang et al. 2010) and the process of autoclaving was repeated two times.
Appropriate amount of sterile deionized water was added in each jar to reach 50 % of water
holding capacity. The jars were capped and incubated in dark at 20 ± 5 °C for four months.
Every 2 days, soil moisture was maintained by adding deionized water. Soil sample (20 g) was
taken out from each jar at the intervals of 0, 7, 15, 30, 60, 120 days to determine CP remaining
concentration and soil enzyme activities and stored at -20 ᵒC until analysis.
The degradation rate and half-lives (t1/2) of CP were calculated using first order kinetic model
as
Ct

= C0 × е-ƙt

Where,
Ct = Concentration of CP after time t (mg kg-1)
C0 = Concentration of CP at time 0 (mg kg-1)
Ƙ = degradation rate constant
t

= Time (days)
t1/2

= ln 2/ƙ

where,
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t1/2 = Half-life of CP in days
Ƙ = degradation rate constant
4.2.2.2. Soil extraction and residue determination for CP
For the extraction of CP, small amount of soil was taken from stored soil and dried at 40 ᵒC in
an oven for 12 h. The extraction of CP from soil samples was done by adding 10 mL of the
mixture of acetone/n-hexane (1:1 v/v) in 1 g soil following the method described by Yu et al.
(2009). The detail of extraction procedure has been given in section 3.6.2. The analysis for CP
was done on GC-MS. The detailed instrumental conditions have been given in section 3.3.2.
4.2.2.3. Soil enzymatic activities
The activities of three soil enzymes were measured for 0, 15, 30, 60 and 120 days of incubation
period. The soil dehydrogenase activity was measured by the reduction of water soluble
triphenyltetrazolium chloride (TTC) into triphenylformazan (TPF) which is a red colour
insoluble product following the method of Min et al. (2001). The buffered method of Kandeler
and Gerber (1988) was used to assay the urease activity of soil using urea as a substrate. While
soil phosphatease activity was assayed by using the method described by Tabatabai and
Bremner (1969) in which p-nitrophenyl phosphate was used as a substrate. The detailed
determination procedures of three soil enzymes have been presented in section 3.6.2.
4.2.3. Results
4.2.3.1. Degradation of CP in sterile and non-sterile soil
The degradation of CP at the initial concentration of 100 mg kg-1 (CP100) and 200 mg kg-1
(CP200) in un-amended sterile and non-sterile soils as affected by the incubation time is shown
in Fig.4.8. The degradation of CP followed first order kinetics and it was rapid at the initial
stage of incubation (upto 7 days) and later it became relatively slower. The non-sterile soil
exhibited more degradation of CP at all time periods during incubation compared to sterile soil
Fig .4.8. At the end of the incubation period, out of the initially applied, 93.7% of the CP was
degraded at CP100 and 75.3% of the CP was degraded at CP200 under non-sterile conditions. On
the other hand, 58.6% of the CP was degraded at CP100 and 48.7% of the CP was degraded at
CP200 under non-sterile conditions. The half-lives in days and degradation rates ƙ (mg kg-1 d-1)
of CP with different treatments have been presented in Table 4.4. CP was found more resistant
to degradation at CP200 with half-life of around 30 d and degradation rate (ƙ) 0.023 mg kg-1 d-1
compared to CP100 with half-life of 59.57 d and degradation rate of 0.012 mg kg-1 d-1.
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Fig. 4.8. Degradation of CP in sterilized and non-sterilized soil
4.2.3.2. Degradation of CP as affected by amendments in sterilized and non-sterilized soil
The effect of compost and biochar application on the degradation of CP at the initial
concentration of 100 mg kg-1 (CP100) in sterile and non-sterile soil has been presented in Figs
4.9 a and b. The faster dissipation of CP was recorded during first 7 days of incubation after
which it became slower in non-sterile soil in amended and un-amended treatments. In nonsterile soil both amendments behaved differently regarding the degradation of CP. In all the
compost amended treatments higher degradation of CP was recorded compared to biochar
amended treatments as well as un-amended treatments at each studied stage of incubation.
While, all the biochar amended treatments showed reduced degradation of CP compared to
both compost amended and un-amended treatments. At the end of the incubation period, out of
the initially applied amount, 96.23% and 94.15% of CP was degraded with CP100C0.25 and
CP100C0.50 respectively depicting 40% and 23% respectively more degradation compared to unamended treatment CP100. While, only 86% and 84% of CP was degraded with CP100B0.25 and
CP100B0.50 respectively. The half-lives of CP were decreased from 30 d with (CP100) to 25 and
27 d with CP100C0.25 and CP100C0.50 and increased upto 41 and 45 d with CP100B0.25 and
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CP100B0.50 respectively (Table 4.2.1.). Among all the treatments the highest CP degradation rate
(ƙ) (0.027 mg kg-1 d-1) was recorded with CP100C0.25.
In case of sterilized soil at the initial CP concentration of 100 mg kg-1 (Fig 4.9 b), all the
compost and biochar amended treatments showed less degradation of CP during all stages of
incubation compared to un-amended treatment (CP100). The CP100C0.25, CP100C0.50 , CP100B0.25
and CP100B0.50 showed 1.9%, 20.4%, 16.9% and 36.5% more residual concentration of CP
compared to un-amended treatment CP100. The half-lives recorded were 94.3, 123.6, 166, 155.6
and 193.4 d with CP100, CP100C0.25, CP100C0.50 , CP100B0.25 and CP100B0.50 with highest degradation

rate(ƙ) (0.0073 mg kg-1 d-1) with CP100 (Table. 4.2.1). Overall much higher half-lives and lower
degradation rates were recorded in all treatments with sterilized soil (Fig. 4.9 a.) compared to
the non-sterilized soil (Fig 4.9 b).

(a)
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(b)

Fig. 4.9. Effect of biochar and compost on the degradation of CP at initial CP concentration 100 mg kg-1) in
(a) non-sterilized soil (b) sterile soil
Similar trend was recorded with the compost and biochar application on the degradation of CP
at the initial concentration of 200 mg kg-1 (CP200) in sterile and non-sterile soils (Figs 4.10 a
and b). In case of non-sterile soil all the compost amended treatments showed higher
degradation of CP compared to biochar amended treatments and un-amended treatment (CP200)
at each time period during incubation. While less dissipation of CP was recorded with biochar
amended treatments compared to both compost amended and un-amended treatments. At the
end of the incubation period, out of the initially applied amount, 75.3% and 80.5% of CP was
degraded with CP200C0.25 and CP200C0.50 respectively (22% and 8% respectively more
degradation compared to un-amended treatment CP200) while only 65% and 61% of CP was
degraded with CP200B0.25 and CP200B0.50 respectively (43% and 52% respectively less
degradation compared to un-amended treatment CP200) (Fig. 4.10 a). The half-lives of CP were
decreased from 60 d with (CP200) to 50 and 57 d with CP200C0.25 and CP200C0.50 and increased
up to 80.4 and 85 d with CP200B0.25 and CP200B0.50 respectively. The degradation rates (ƙ)
recorded were, 0.0116, 0.0136, 0.0122, 0.0086 and 0.0082 mgkg-1d-1 with was recorded with
CP200,CP200C0.25, CP200C0.50, CP200B0.25 and CP200B0.50 respectively(Table 4.2.1.).
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In case of sterilized soil at the initial CP concentration of 200 mg kg-1 (Fig 4.10 b), all the
compost and biochar amended treatments showed less degradation of CP during all stages of
incubation compared to un-amended treatment (CP200). Moreover, much higher half-lives and
lower degradation rates were recorded in all treatments with sterilized soil (Fig. 5) compared to
the non-sterilized soil (Fig 3).The CP200C0.25, CP200C0.50 , CP200B0.25 and CP200B0.50 showed
11%, 22.3%, 23% and 31% more residual concentration of CP compared to un-amended
treatment CP200. The half-lives recorded were 124.6, 146.8, 178.16, 179.5 and 207.63 d with
CP200, CP200C0.25, CP200C0.50 , CP200B0.25 and CP200B0.50 with highest degradation rate ƙ (0.0056)
mg kg-1d-1) with CP200 (Table 4.4).
Table 4.4. Kinetics of degradation of CP in amended and un-amended soil

Non-sterilized soil
Treatment
CP100
CP100C0.25
CP100C0.50
CP100B0.25
CP100B0.50
CP200
CP200C0.25
CP200C0.50
CP200B0.25
CP200B0.50

Sterilized soil

-1 -

ƙ (mg kg d
1
)

t1/2 (d)

-1 -1

ƙ (mg kg d )

t1/2 (d)

0.023

30.06

0.0073

94.32

0.027

25.38

0.0056

123.64

0.025

27.47

0.0042

166.10

0.017

41.96

0.0045

155.63

0.015

45.31

0.0036

193.36

0.0116

59.57

0.0056

124.58

0.0136

50.80

0.0047

146.83

0.0122

56.82

0.0039

178.16

0.0086

80.44

0.0039

179.41

0.0082

84.93

0.0033

207.63
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(b)

Fig. 4.10. Effect of biochar and compost on the degradation of CP at initial CP concentration 200 mg kg-1) in
(a) non-sterilized soil (b) sterile soil
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4.2.3.3. Soil enzymes activities in CP contaminated soil in the presence and absence of
organic amendments
4.2.3.3.1. Soil dehydrogenase activity
The effect of CP on soil dehydrogenase activity has been presented in Figs 4.11, 4.12 a and
4.12 b in un-amended and amended soil during the incubation period of 120 days. Considering
un-amended contaminated soil (Fig. 1) CP significantly reduced the dehydrogenase activity and
at the start of incubation period 84% less dehydrogenase activity (2.48 µg TPF g-1 soil 12 h-1)
was recorded compared to CP0B0C0 (15.53 µg TPF g-1 soil 12 h-1) with CP100, which was
reduced to minimum (2.55 µg TPF g-1 soil 12 h-1) at 15th day and then started increasing to
reach 13.72 µg TPF g-1 soil 12 h-1 (only 5.4% less compared to CP0B0C0) at the end of the
incubation period. The inhibiting effect of CP on dehydrogenase activity further increases with
the increase in CP concentration (200 mg kg-1) and at 15th day minimum (1.20 µg TPF g-1 soil
12 h-1) dehydrogenase activity was recorded which remained 68% less compared to (CP0B0C0)
control even at the end of the incubation period (Fig. 4.11).

Fig. 4.11. Effect of CP on soil dehydrogenase activity
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In case of amended treatments at the initial CP concentration of 100 mg kg-1 (Fig 12 a) a
significant alleviation in dehydrogenase activity was recorded and enzyme activities remained
higher compared to un-amended treatment CP100 at all studied time intervals with both compost
and biochar. However, a decreasing trend was recorded upto 15th day, after which the
dehydrogenase activity remained in increasing order till end of incubation in all cases. The
contaminated treatments amended with compost showed even higher dehydrogenase activity
compared to un-contaminated treatment (CP0B0C0) specifically at the end of the incubation
period. Among amended treatments highest (20.08 µg TPF g-1 soil 12 h-1) and (17.97 µg TPF g1

soil 12 h-1) dehydrogenase activities were recorded with CP100C0.50 at 0th and 120th day

respectively and lowest (10.7 µg TPF g-1 soil 12 h-1) and (14 µg TPF g-1 soil 12 h-1)
dehydrogenase activities were recorded with CP100B0.25 at 0th and 120th day respectively.
At the initial CP concentration of 200 mg kg-1 (Fig 12 b.) the negative effect of CP was more
evident throughout the incubation period compared to 100 mg kg-1, however, all amended
treatments showed significantly high enzyme activity than un-amended contaminated
treatments. The highest (7.75 µg TPF g-1 soil 12 h-1 and 13.8 µg TPF g-1 soil 12 h-1) and lowest
(5 µg TPF g-1 soil 12 h-1 and 6.91 µg TPF g-1 soil 12 h-1) dehydrogenase activities were recoded
with CP200C0.50 and CP200B0.25 at the start and end of incubation period respectively. The
dehydrogenase activities in all amended treatments remained less compared to control
(CP0B0C0) at initial CP concentration of 200 mg kg-1.
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(a)

(b)

Fig. 4.12. Effect of compost and biochar on soil dehydrogenase activity at (a) initial CP concentration of
100 mg kg-1) (b) initial CP concentration of 200 mg kg-1)
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4.2.3.3.2. Soil urease activity
The effect of CP on soil urease activity has been presented in Figs. 4.13, 4.14 a and 4.14 b in
un-amended and amended soil during the incubation period of 120 days. CP negatively affected
the soil urease activity at both initial concentrations CP100 and CP200 throughout the incubation
period. The negative effect was found maximum at 15th day of incubation at which 77% and
85% reduction in urease activity was recorded at CP100 and CP200 compared to control CP0B0C0.
After which a gradual increment in urease activity was recorded upto the 120th day. At the end
of the incubation period the urease activities in contaminated treatments were 58% and 74%
less compared to with CP100 and CP200 (Fig 4.13).

Fig. 4.13. Effect of CP on soil Urease activity
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The effect of biochar and compost on soil urease activity in contaminated and un-contaminated
treatments at the initial CP concentration of 100 mg kg-1 is presented in (Fig. 4.14 a). Both
compost and biochar significantly reduced the negative effect of CP on soil urease activity and
the effect was more evident at 0.50% of both amendments. However, urease activities remained
significantly low in all amended treatments compared to during whole incubation period except
CP100C0.50 at which the urease activity grown to 4% more at the end of incubation period than
CP0B0C0. Among amended treatments maximum (11.6 µg NH4+-N g-1 h-1) and (17.4 µg NH4+N g-1 h-1 ) dehydrogenase activities were recorded with CP100C0.50 at 0th and 120th day
respectively and minimum (6.14µg NH4+-N g-1 h-1) and (8.75 µg NH4+-N g-1 h-1) urease
activities were recorded with CP100B0.25 at 0th and 120th day respectively.
At the initial CP concentration of 200 mg kg-1 (Fig. 4.14 b) the negative effect of CP on soil
urease activity was more evident throughout the incubation period compared to 100 mg kg-1.
All amended treatments with compost and biochar showed significantly higher urease activities
than un-amended contaminated treatments but remained low compared to control treatment
throughout the experimental period. At the end of the incubation period the treatments
CP200C0.25, CP200C0.50, CP200B0.25 and CP200B0.50 showed 181%, 199%, 62.9% and 110 % higher
urease activities compared to un-amended contaminated treatment CP200.

61

(a)

(b)

Fig. 4.14. Effect of compost and biochar on soil urease activity at (a) initial CP concentration of 100 mg
kg-1) (b) initial CP concentration of 200 mg kg-1)
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4.2.3.3.3. Soil phosphatase activity
The effect of CP on soil phosphatase activity has been presented in Figs. 4.15, 4.16 a and 4.16
b in un-amended and amended soil during the incubation period of 120 days. Considering unamended contaminated soil (Fig. 1) CP significantly reduced the phosphatase activity and at the
start of incubation period 74% less phosphatase activity (1.92 µg TPF g-1 soil 12 h-1) was
recorded compared to CP0B0C0 (7.50 µg PNP g-1 soil h-1) with CP100, which was reduced to
minimum (0.35 µg PNP g-1 soil h-1) at 30th day and then started increasing to reach 6.48 µg
PNP g-1 soil h-1 (23.4% less compared to CP0B0C0) at the end of the incubation period. The
inhibiting effect of CP on phosphatase activity further increases with the increase in CP
concentration (200mg kg-1) and at 30th day minimum (0.19 µg PNP g-1 soil h-1) phosphatase
activity was recorded which remained 63.4% less compared to (CP0B0C0) control even at the
end of the incubation period (Fig. 4.15).

Fig. 4.15. Effect of CP on soil phosphatase activity
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In case of amended treatments at the initial CP concentration of 100 mg kg-1 (Fig. 16 a) a
significant alleviation in phosphatase activity was recorded and enzyme activities remained
higher compared to un-amended treatment CP100 at all studied time intervals with both compost
and biochar. However, a decreasing trend was recorded upto 15th day, after which the
phosphatase activity remained in increasing order till end of incubation in all cases. The
contaminated treatments amended with compost showed even higher phosphatase activity
compared to uncontaminated treatment (CP0B0C0) specifically at the end of the incubation
period. Among amended treatments maximum (8.13µg PNPg-1 soil h-1) and (11.01 µg PNP g-1
soil h-1) phosphatase activities were recorded with CP100C0.50 at 0th and 120th day respectively
and minimum (3.46µg PNP g-1 soil h-1) and (7.21µg PNP g-1 soil h-1) phosphatase activities
were recorded with CP100B0.25 at 0th and 120th day respectively.
At the initial CP concentration of 200 mg kg-1 (Fig. 4.16 b.) the negative effect of CP on soil
phosphatase activity was more evident throughout the incubation period compared to 100 mg
kg-1. However, all amended treatments showed significantly high phosphatase activity than unamended contaminated treatments. The highest (4.32 µg PNP g-1 soil h-1 and 8.94 µg PNP g-1
soil h-1) and lowest (2.50 µg PNP g-1 soil h-1 and 6.01 µg PNP g-1 soil h-1) phosphatase
activities were recoded with CP200C0.50 and CP200B0.25 at the start and end of incubation period
respectively. The phosphatase activities in all amended treatments remained less compared to
control (CP0B0C0) at initial CP concentration of 200 mg kg-1.
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(a)

(b)

Fig. 4.16. Effect of compost and biochar on soil phosphatase activity at (a) initial CP concentration of 100
mg kg-1) (b) initial CP concentration of 200 mg kg-1)
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4.2.4. Discussion
We tested the effect of compost and biochar addition, sterilization and time on the degradation
of CP and the activities of soil enzymes as affected by the presence and absence of compost
and biochar in CP contaminated soil in a laboratory incubation study. According to the results
of this study, CP degradation followed first order kinetics. The degradation was rapid at the
initial stage of incubation then it became slower. The two stage degradation pattern can be
explained on the basis of sorption of pesticide and lack of availability of pesticide for microbial
breakdown. The second slower stage indicates the dominance of hydrolysis process over
microbial degradation of pesticide (Morrica et al., 2001, 2002).
The leading factor affecting the fate and distribution of pesticides in soil is the (De Wilde et al.,
2009). The reduced degradation of CP was recorded in biochar amended treatments in this
study compared to un-amended soil at both initial concentrations of 100 and 200 mg kg-1. The
mechanism behind reduced dissipation of CP in biochar amended soil is the strong sorption and
less desorption from organic amendment (Yu et al., 2006; Cederlund et al., 2017) leading
towards their low bioavailability (Yu et al., 2009). Organic matter added in soil provides the
most important sorbent surfaces for the nonpolar pesticides having low water solubility because
phase partitioning is driven by hydrophobic interactions (Hamaker and Thompson, 1972; Moyo
et al., 2014). The microporosity and high specific surface area and variety of functional groups
of biochar (Deng et al., 2017) makes it very efficient sorbent materials for a variety of organic
contaminants. A decrease in CP degradation in soil in response to biochar addition has been
reported by Yu et al. (2009) and Yang et al. (2010). The decreased degradation of CP in
biochar amended soil could also be explained on the basis of diffusion of pesticide to the soilorganic amendment mixture and to the nano-pores introduced by amendments and less
availability of pesticide for biodegradation (Said-Pullicino et al., 2004; Khorram et al., 2016).
However, compost amended soil exhibited more CP degradation compared to un-amended soil.
Many studies have supported enhanced degradation of CP in soil due to the addition of coconut
husks, peanut shells (Romyen et al., 2007), farm yard manure, mushroom spent compost and
vermicompost (Kadian et al. 2012), Filter mud compost and T. diversifolia leaves (Mutua et al.,
2015). These studies related this increased degradation of CP to enhanced microbial population
introduced by amendment addition (compost) capable of degrading this pesticide. The greater
degradation efficiency of compost could also be explained on the basis of their increased
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dehydrogenase enzyme activities (Kadian et al., 2012). Moreover compost provides labile
carbon in large amount for degradation by microbes, which use it as a carbon energy source
(Garcia-Jaramillo et al., 2016).
A significantly less CP degradation was recorded in sterilized soil compared to non-sterilized
soil in both un-amended and amended treatments with compost and biochar. Similar results
have been reported by Garcia-Jaramillo et al. (2016) and Yang et al. (2010) in which they
reported reduced pesticides degradation in sterilized conditions compared to non-sterile
conditions.in un-amended as well as compost and biochar amended soil respectively and by
Valle et al. (2006) who reported similar results in un-amended forest soil. They correlated this
with active involvement of microbes in pesticide degradation in non-sterile soil which was not
the case in sterilized conditions as all microbial population had been killed by autoclaving.
Upon sterilization the half-lives of CP were significantly extended with less degradation rates
compared to non-sterilized soil at both initial concentrations (100 and 200 mg kg-1) in this
study. Almost similar half-lives and degradation rates of CP in both sterilized and nonsterilized soil were reported by Akbar and Sultan (2016).
However, CP at 200 mg kg-1 showed inhibited degradation (lower degradation rate) at all time
periods during incubation compared with 100 mg kg-1 in both amended and un-amended
treatments as manifested by the significantly increased half-lives at 200 mg kg-1. The
decreasing trend in the degradation efficiency with increasing concentration of CP has been
reported by Vischetti et al. (2008) and Tortilla et al. (2012) in an organic mixture and by Sardar
and Kole (2005) in individual soil. They state that at higher pesticide concentration, one of the
metabolite of CP called TCP starts accumulating, which has inhibiting effect on microbial
population involved in CP degradation in soil. The inhibiting effect of TCP on bacterial
population was also reported by Racke et al. (1990) and Singh et al. (2003).
The results of this study indicated the inhibitory effect of CP on soil dehydrogenase, urease and
phosphatase activities. The decline in soil enzyme activities in response to CP toxicity was also
reported in various studies (Menon et al., 2004; Shan et al., 2006; Tejada et al. 2011; Kadian
et al., 2012; Tejada et al. 2014). The maximum reduction in dehydrogenase and urease activity
was observed at 15th day of incubation in CP contaminated soil. These results are in line with
that reported by Kadian et al. (2012) who reported the maximum decline in these enzymes
activities on same time period after CP application in soil. The reduction in phosphatase
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activity was recorded highest at 30th day of incubation in the present study. The decrease in soil
enzymes activities due to CP could be attributed to its byproducts formation during its
degradation which have antimicrobial effect and can also affect enzymes negatively
(Jastrzebska, 2011). The byproduct of CP degradation (TCP) have inhibitory effect on soil
microbial population (Tortilla et al., 2012).

During CP degradation experiment the TCP

formation was recorded from 3rd day of incubation and maximum was found at 15th day
(Tortilla et al., 2012) and at 30th day (Sardar and Kole, 2005) after which its formation
decreases and diminished gradually at the end of incubation period of 120 d . So the reduced
soil enzymes activities could be attributed to TCP formation up to the 30th day of incubation
after which the dehydrogenase, urease and phosphatase activities starts increasing due to the
decrease in the concentration of TCP. The recoveries in the enzyme activities at the later stages
of incubation is due to the pesticide loss by degradation thus reducing its toxicity (Kadian et
al., 2012).
The incorporation of both compost and biochar in CP contaminated soil resulted in the
significant recovery of the negative effects of CP on the soil dehydrogenase, urease and
phosphatase activities. Compost amended soil in the presence of CP showed even more enzyme
activities compared to uncontaminated treatments. Tejada et al. (2011) related this behavior
with the sorption of CP on the organic matter resulting its decreased concentration in the soil
solution and bioavailability to the microbes and ultimately diminishing its negative impacts on
soil enzyme activities. These results were further supported by Tejada et al. (2014), Coppola et
al. (2007) and Kadian et al. (2012 who found increment in soil enzymes activities upon organic
amendments addition.
4.2.5. Conclusion
The degradation of CP in biochar and compost amended and un-amended soil followed first
order kinetics. CP at 200 mg kg-1 found more resistant towards degradation compared to 100
mg kg-1 with less degradation rate at higher concentration. Much less degradation of CP was
recorded in sterilized soil compared to non-sterilized soil depicting active involvement of soil
microbes in CP degradation. The CP half-lives of 30 and 59.5 days were recorded at 100 and
200 mg kg-1 respectively in non-sterilized soil which were aggravated to 94 and 125 days in
sterilized soil. Incorporation of compost and biochar in CP contaminated soil affected
differently to the CP degradation and higher degradation of CP was recorded in compost
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amended treatments than un-amended as well as biochar amended treatments. CP significantly
reduced the soil dehydrogenase, urease and phosphatase activities pronouncedly at the initial
stage of incubation. Both amendments significantly alleviated the negative effect of CP on all
studied enzyme activities and compost showed even higher enzyme activities compared to
control even in the presence of CP. Conclusively, the application of both biochar and compost
can be an important strategy to mitigate the adverse effects imposed by CP with compost
having more positive effect on CP degradation.
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4.3. Study 3: Bioavailability of CP to maize plants in biochar and compost amended soils
4.3.1. Introduction
CP is a toxic, broad spectrum organophosphorus chlorinated insecticide. Its use on a large scale
contaminates various components of environment like soil, water and terrestrial ecosystem
(Phillips et al., 2017; Rayu et al., 2017). In Pakistan, CP residual contents have been reported in
ground water, soil, vegetables, fruits, fish and cow meat (Ahad et al., 2000; Parveen et al.,
2004; Muhammad et al., 2010; Ismail et al., 2017), which clearly highlights the associated
health risks owing to its entrance in food chain (Duntas and Stathatos, 2015). Upon exposure
through food items CP has potential to adversely affect the human nervous system by
disrupting the activity of acetyl cholinesterase enzyme involved in neurotransmission leading
towards abnormal brain functioning (Ghayomi et al., 2016). Moreover, CP exerts drastic effects
on plant growth as indicated by seedling growth inhibition, reduction in root and shoot growth,
germination energy, germination percentage chlorophyll contents and morphological traits
(Wang et al., 2007; Yu et al., 2009; Zhang et al., 2011; Gvozdenac et al., 2013; Dubey et al.,
2015; Wang et al., 2017). Organic amendments are intentionally added to in soil to increase soil
fertility and crop productivity. The agricultural soils of Pakistan are characterized by poor
organic carbon contents (Tahir et al., 2016) having less than 10 mg g-1 soil organic carbon
contents in most of soils (Tahir et al., 2012). Therefore, it is generally recommended that
organic amendments such as compost, biochar and manure should be added in soil for organic
matter improvement (Nicolas et al., 2012, Riaz et al., 2017, Iqbal et al., 2017). Moreover, these
amendments alter the chemical and physical soil attributes (Agegnehu et al., 2016; Mahmood et
al., 2017) which ultimately affect the fate of pesticides in soils (Cederlund et al., 2017.
Pesticide adsorption on biochar decreases the availability of harmful organic contaminants
present in soil to organisms and restricts their transport to the receiving environment (Burgess
et al. 2009; Cederlund et al., 2017). Supplementation of soil with activated carbon or biochar
can decrease the pesticide uptake by plants (Yu et al., 2009; Hilber et al., 2009). Therefore,
present study was designed with the objective to investigate the bioavailability of CP to maize
(Zea mays L.) in response to soil applied biochar and compost amendments and their effect on
antioxidant enzymes activities in CP contaminated soil.
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4.3.2. Methodology
4.3.2.1. Pot experiment
The pot experiment was conducted to investigate the uptake of CP applied in soil at 100 and
200 mg kg-1 by maize plants both in the presence and absence of two amendments compost and
biochar applied at 0.25 % and 0.50 % of each by soil dry weight (w/w). The soil used was of
sandy clay loam texture. The physical and chemical characteristics of soil and amendments
have been given in Table 4.1. Before filling the pots soil and amendments were thoroughly
mixed to achieve 0.25 and 0.50 % respectively of biochar and compost by soil dry weight. Each
pot was filled with 2.5 kg amendment free and amended soil. The soil was contaminated with
CP solution in acetone resulting in the spiked concentration of 100 and 200 mg kg-1. Each pot
had 2.5 g soil. The experiment was conducted in plastic pots to allow no leaching of water and
pesticide. The pots were agitated on an orbital shaker for 24 h to ensure complete mixing of soil
and pesticide solution. When all carrier acetone was evaporated after another 2 days, the
deionized water was added to adjust the moisture contents at 50% of water holding capacity.
Four maize seeds were sown in each pot.

The soil was supplemented with nitrogen,

phosphorus and potassium using urea. Urea was supplied in three splits, while, at sowing all
diammonium phosphate and sulfate of potash were supplied. The plants were harvested after 60
days. Before harvesting the physiological parameters of maize were recorded. The above
ground parts of maize were cut on soil surface. The maize roots were carefully removed from
the soil. The growth parameters of shoots and roots were determined. A small portion (5 g) of
soil was removed from each pot after thorough mixing for CP residue determination in postharvest soil. The shoots and roots were thoroughly washed with deionized water to remove soil
particles and air dried at room temperature in the laboratory for 24 h.
4.3.2.2. Extraction of plant and soil samples for CP
Plant samples (2.5 g) each of shoot and root were ground in a pestle and mortar with 10 g of
anhydrous sodium sulfate. The post-harvest soil and plant samples were extracted with solvents
acetone and n-hexane by using the method described by Yu et al. (2009) and analyzed on GCMS for CP. The detailed extraction and cleanup process is given in section 3.7.2 in Chapter 3.
4.3.2.3. Determination of antioxidant enzyme activities of maize shoots
For the determination of enzyme activities in plant samples the enzyme extract was produced
following the procedure of Ni et al. (1996) by crushing the fresh plant samples in a pre-cooled
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pestle and mortar with liquid N2. Then SOD, CAT and peroxidase activities were determined
by using the methods of Giannopolotis and Ries (1977); Teranishi et al. (1974) and Castillo et
al. (1984) by using spectrophotometer at 560, 410 and 470 nm respectively. The detailed
determination procedure is given in section 3.7.4.
4.3.3. Results
4.3.3.1. Plant Growth attributes
4.3.3.1.1. Plant height
The data regarding plant height of maize plants in amended and un-amended soil are presented
in Fig. 4.17. CP application significantly (p ˂ 0.05) affected the maize plant height at both
levels and resulted in 48 and 61% decrease in plant height with CP100 and CP200 respectively
compared to control treatment (CP0B0C0). Biochar and compost application recovered this
reduction significantly and exhibited 40, 61, 59.3 and 60 % increment with CP100C0.25,
CP100B0.25, CP100C0.50 and CP100B0.50 respectively compared to un-amended contaminated
treatment CP100 while amended treatments CP200C0.25, CP200B0.25, CP200C0.50 and CP200B0.50
showed 50, 84, 80 and 101% increment respectively, in maize plant height compared to unamended contaminated treatment CP200.
4.3.3.1.2. Fresh weight of shoots and roots
A significant reduction in the fresh weights of maize plants was recorded as a result of CP
toxicity. Addition of biochar and compost alleviated the damaging effects of CP on shoot fresh
weight and increased the shoot fresh weight compared to those plants where only CP was
applied (Fig. 4.18 a, b). The shoot fresh weight ranged between 14.3 (with CP200) to 47.65 g
pot-1with control (CP0B0C0). The plants grown with CP200 produced the lowest shoot fresh
weight (a decrease of 70%) as compared to the control plants. However, supplementation with
compost and biochar recovered this damaging effect and high shoot fresh weight was recorded
with CP100C0.50 (31.38 g pot-1) and CP200B0.50 (36.06 g pot-1) which was only 34 and 24% less
compared to control. The root fresh weight ranged between 6.05 and 25.42 g pot-1. The lowest
root fresh weight was recorded with CP200 (a decrease of 76.2%) compared to the control
plants. A 0.50% level of both amendments (compost and biochar) in combination with CP200
recovered this reduction in root fresh biomass significantly and exhibited 180% and 218%
increase in root fresh weight respectively compared to the treatments with alone CP200.
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Table 4.5. Treatment description and their abbreviations used in the study

Treatment

Abbreviations

Control
CP 100 mg kg-1
CP 200 mg kg-1
CP100 mg kg-1 + compost 0.25%
CP200 mg kg-1 + compost 0.25%
CP100 mg kg-1 + compost 0.50%
CP200 mg kg-1 + compost 0.50%
CP100 mg kg-1 + biochar 0.25%
CP200 mg kg-1 + biochar 0.25%
CP100 mg kg-1 + biochar 0.50%
CP200 mg kg-1 + biochar 0.50%

CP0B0C0
CP100
CP200
CP100C0.25
CP200C0.25
CP100C0.50
CP200C0.50
CP100B0.25
CP200B0.25
CP100B0.50
CP200B0.50
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4.3.3.1.3. Dry weight of shoots and roots
Similar to the fresh weight, a significant (p ˂ 0.05) reduction in shoot and root dry weights of
maize plants was recorded in response to CP toxicity which was significantly recovered in
amended treatments (Fig. 4.19 a, b). Minimum (3.75 and 1.51 g pot-1) shoot and root dry
weights respectively were recorded with CP200 while maize shoots with control (CP0B0C0)
showed maximum (13.88 and 6.21 g pot-1) shoot and root dry weights respectively. All the
compost and biochar applied plants showed improved shoot and root dry weights compared to
non-amended CP contaminated plants but still lower than control plants. Among the amended
treatments the CP100B0.50 showed best results with maximum (11.84 and 5.82 g pot-1) shoot and
root dry weights which were only (14 and 6%) less than control plants (CP0B0C0) respectively.
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4.3.3.1.4. Root length
Fig. 4.20. Represent the root length of maize plants as affected by compost and biochar
application in CP contaminated soil. The CP application significantly (p ˂ 0.05) affected the
maize root length at both levels and resulted in 54 and 78% decrease in maize root length with
CP100 and CP200 respectively compared to control treatment (CP0B0C0). Biochar and compost
application recovered this reduction significantly and exhibited 45.3, 65.6, 77.13 and 107.5 %
increment with CP100C0.25, CP100B0.25, CP100C0.50 and CP100B0.50 respectively compared to unamended contaminated treatment CP100 while amended treatments CP200C0.25, CP200B0.25,
CP200C0.50 and CP200B0.50 showed 102.1, 132.4, 172.6 and 221% increment respectively, in
maize root length compared to un-amended contaminated treatment CP200.

4.3.4. Physiological parameters
CP significantly (p ˂ 0.05) reduced the photosynthetic rate, transpiration rate, stomatal
conductance and chlorophyll contents of maize plants. Addition of biochar and compost
alleviated the ill effects of CP on all physiological parameters and increased the photosynthetic
rate in all amended treatments compared to those plants where only CP was applied (Figs. 4.21,
4.22 and 4.23). The Photosynthetic rate ranged between 3.18 µmol m-2 s-1 (with CP200) to 8.68
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µmol m-2 s-1 with control (CP0B0C0). The plants grown with CP200 produced the lowest
photosynthetic rate (a decrease of 63.4%) as compared to the control plants. However,
supplementation with compost and biochar recovered this damaging effect (especially at 0.50%
level of both amendments) and high photosynthetic rate was recorded with CP200C0.50 (7.30
µmol m-2 s-1) and CP200B0.50 (7.63 µmol m-2 s-1) which was only 165 and 12% less compared to
control. Similar trend was recorded in case of transpiration rate where 73.2 and 86% decrease
was recorded with CP100 and CP200 respectively compared to control treatment (CP0B0C0).
Biochar and compost application recovered this reduction significantly and exhibited 146,
193.7, 181.5 and 210.1% increment with CP100C0.25, CP100B0.25, CP100C0.50 and CP100B0.50
respectively compared to un-amended contaminated treatment (CP100) while amended
treatments CP200C0.25, CP200B0.25, CP200C0.50 and CP200B0.50 showed 179.8, 267.7, 305.1 and
386.9% increment respectively, in transpiration rate of maize plant height compared to unamended contaminated treatment (CP200).
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Similarly, in case of stomatal conductance, minimum (0.33 mmol m-2 s-1) stomatal conductance
was recorded with CP200 while maize shoots with control (CP0B0C0) showed maximum (2.34
mmol m-2 s-1) stomatal conductance. While, amended treatments CP200C0.25, CP200B0.25,
CP200C0.50 and CP200B0.50 showed 113.3%, 146.6%, 186.7% and 233.3% increment
respectively, in maize shoots stomatal conductance compared to un-amended contaminated
treatment CP200 (Fig 4.23). Similarly, a significant (p ˂ 0.05) reduction in chlorophyll contents
of maize plants was recorded in response to CP toxicity which was significantly recovered in
amended treatments (Fig. 4.24). Maximum (49.17 SPAD) chlorophyll contents were recorded
with control (CP0B0C0) While, minimum (18.88 SPAD) chlorophyll contents were found with
CP200 (a decrease of 62%) compared to control. Among amended treatments CP100B0.50
performed best with (43.84 SPAD) chlorophyll contents which were 61% higher compared to
un-amended contaminated treatment (CP100) and only 11% less compared to uncontaminated
control plants.
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4.3.5 Antioxidant enzyme activities of maize shoots
Effect of CP on antioxidant enzyme SOD, CAT and POD activities of maize shoots in amended
and non-amended soil is shown in Fig. 4.25, 4.26 and 4.27. The SOD activity of maize plants
was remarkably promoted in CP treated plants compared to untreated control plants. Minimum
(0.53 U mg

-1

protein min-1) SOD activity was recorded in control plants while maize shoots

with CP200 showed maximum (5.36 U mg

-1

protein min-1) SOD activity. The compost and

biochar supplemented plants showed lower SOD activities compared to non-amended CP
contaminated plants but still higher than control plants. Among the amended treatments the
CP100B0.50 showed best results with minimum SOD activity (0.61 U mg-1 protein min-1) which
was only 14% higher than control plants (CP0B0C0).
In contrast to SOD the CAT activity of maize shoots showed opposite behavior in response to
CP toxicity. CP significantly depressed the CAT activity of maize plants in all treatments (with
and without amendment addition) except untreated control plants (CP0B0C0). The CP100 and
CP200 showed 46 and 77% reduction in CAT activity compared to control plants. The CAT
activity ranged between 1.84 with CP200 to 8.06 (µmol mg-1 protein min-1) with control plants.
The application of both amendments recovered the reduction in CAT activity. Among the
compost amended treatments, the CP100C0.25 and CP100C0.50 caused 35.15 and 48.97%increment
in CAT activity respectively, while for biochar this increment was 20 and 41% with CP100B0.25
and CP100B0.50 respectively, over un-amended CP100. The combinations of compost and biochar
with CP200 resulted in 51.2 and 118.8% increment with CP200C0.25 and CP200C0.50 and 36.7 and
105.2% increment in CAT activity with CP200B0.25 and CP200B0.50 respectively over alone CP200.
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CP application significantly stimulated the peroxidase activity. The CP100 and CP200 showed 54
and 139% increment in peroxidase activity compared to untreated control plants (CP0B0C0).
The addition of both amendments in CP contaminated treatments resulted in decreased activity
of peroxidase compared to the treatments where only CP was applied. Specifically, at 0.50 %
level, a 30 and 42% reduction with CP100C0.50 and CP200C0.50 while 31 and 45% reduction in
peroxidase activity with biochar was observed at CP100B0.50 and CP200B0.50 respectively
compared to un-amended CP100 and CP200.

4.3.6. CP residues in post-harvest soil
The values for residues of CP in post-harvest soil are shown in Fig. 4.28. The incorporation of
both amendments resulted in a decrease in CP loss in soil pronouncedly with biochar. However,
in compost amended treatments more loss of CP was recorded compared to biochar. At the end
of the experiment, 86 and 77% of applied CP was lost from un-amended soil with CP100 and
CP200 respectively implying that CP is more resistant towards dissipation at higher dose. In case
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of amended soil, 82 and 69% CP was lost with CP100C0.25 and CP100B0.25 respectively. While, 78
and 63% CP dissipation was recorded with CP100C0.50 and CP100B0.50 respectively. The % loss
of CP was 76 and 64% with CP200C0.25 and CP200B0.25 and 71 and 56% with CP200C0.50 and
CP200B0.50 respectively.

4.3.7. CP concentration in maize plants in the presence and absence of organic
amendments
The residues of CP were determined in both shoots and roots of maize after 60 days growth.
The CP levels significantly (p ˂ 0.05) increased the CP contents in shoots. Data presented in
Fig. 4.29 and 4.30 show that the concentration of CP was lower in plants that were grown in
amended soil with biochar and compost compared to those that were grown with only CP.
However, for both levels of CP (CP100 and CP200), biochar amended soil exhibited less CP
concentration in shoots compared to compost amended soil. Moreover, by increasing the level
of amendments from 0.25 to 0.50%, a further decrease in CP concentration in shoots was
recorded. The concentration of CP in shoots ranged between 0.89 mg kg-1 with CP100B0.50 to
19.55 mg kg-1 with CP200. The compost application resulted in 63 and 82% reduction in CP
shoot concentration at CP100C0.25 and CP100C0.50 and for biochar application these were 78 and
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89%, at CP100B0.25 and CP100B0.50 respectively. On the other hand at CP200 level of
contamination, this reduction was 57% (with CP200C0.25) and 74% (with CP200C0.50) and 77%
(with CP200B0.25) and 83% (with CP200B0.50) respectively. A similar trend was found with roots
where maximum (64.7 mg kg-1) CP concentration was found with CP200 which decreased to
minimum (4.92 mg kg-1) with CP100B0.50. The biochar at 0.50 % exhibited the maximum
decrease (81 %) in root concentration of CP with CP100B0.50 and (78 %) with CP200B0.50.
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Table 4.6. Total amount of CP residues uptake by maize plants in different parts (µg)
measured at the end of the experiment

Treatment

CP100
CP200
CP100C0.25
CP200C0.25
CP100C0.50
CP200C0.50
CP100B0.25
CP200B0.50
CP100B0.50
CP200B0.50

MT

MS
423.56
671.40
245.97
566.39
193.42
481.58
191.96
444.51
149.26
390.94

MR
165.34
280.26
91.61
237.17
57.52
158.89
66.46
148.00
38.34
119.95

258.22
391.14
154.36
329.22
135.90
322.69
125.50
296.51
110.93
270.99

MT represents the uptake of CP in whole plant while MS and MR represent the uptake of CP in
shoots and roots of maize plants.
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4.3.8. Discussion:
The results of this study demonstrated that CP applied at 100 and 200 mgkg-1 in soil resulted in
the reduction of growth parameters of maize plants. The major symptoms that we observed and
recorded were depressed plant height, shoot as well as root growth physiological parameters
and fluctuation in antioxidant enzymes activities. However, a significant alleviation of CP
toxicity on all above parameters was recorded in response to the supplementation of soil with
biochar and compost.
Dubey and Fulekar (2011) reported the inhibiting effect of CP (75 and 100 mg kg-1) on the
seedling growth of two grass species. The suppression of shoot and root biomass of plants by
CP toxicity and significant recovery of this reduction by biochar supplementation in soil has
also been reported by Yu et al. (2009) and Yang et al. (2010). Reduction in plant growth in
response to CP toxicity was also reported by Wang et al. (2017). The incorporation of organic
amendments in contaminated soil improves plant growth by reducing plant access to pesticide
residues in soil (Tang et al., 2017), minimizing negative impacts on soil enzyme activities and
soil microbial population due to increased soil organic matter (Antonious, 2015) by directly
applying nutrients (Yu et al., 2009) and improving physical and biological properties of soil
(Lehmann et al., 2006).
A natural plant pigment, chlorophyll is responsible for plant growth improvement via light
energy absorption for photosynthesis (Wang et al., 2017). The results of this study
demonstrated the disruption of chlorophyll biosynthesis under CP toxicity which might be due
to the instability of pigment protein complex and breakdown of pigments and leaf area
reduction on increasing pesticide concentration due to reduced photosynthates translocation
towards leaves (Parween et al., 2011). Dubey et al. (2015) and Wang et al. (2017) reported the
CP toxicity induced reduction in photosynthetic pigments and chlorophyll synthesis which is in
line with our findings.
The CP significantly affected the photosynthetic rate, transpiration rate and stomatal
conductance of maize plants. CP toxicity can reduce the ability to fix carbon and by affecting
photosynthetic oxygen evolution, destruction of oxygen evolving complex, moreover lowering
the rate of photosynthetic light reactions and increment in the production of reactive oxygen
species in response to elevated pesticide concentration, thus destroying various lipids and
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proteins related with photosynthesis and photosynthetic electron transport chain (Mishra et al.,
2008; Sundaram et al., 2011; Raja et al., 2012). Depressed plant photosynthetic rate has been
reported by Prasad et al. (2015) in response to CP toxicity. The decrease in transpiration rate
and stomatal conductance of maize in heavy metal stress have also been reported by Zhang et
al. (2012).
The enzymatic antioxidant system is most important strategy for plants to respond to
environmental stress (Wang et al., 2017). In the conditions of insecticide toxicity, plants
prevent oxidative damage to their cells to tolerate this stress. Most often, this toxicity boosts the
activities of superoxide dismutase (SOD) and peroxidase (POD), which is the indicator of
degree of stress as well as the ability of stress tolerance (Peixoto et al., 2006; Song et al., 2007).
The SOD and peroxidase activities of maize plants were remarkably promoted in CP treated
plants in our study. The stimulation of SOD activity in stress conditions confirms the
production of large amount of O2- radical production (Chen et al., 2016). Parween et al. (2011)
and Wang et al. (2017) reported the increased SOD and POD activities upon CP stress in mung
bean and wheat plants which is consistent with our findings with maize. Contrary to SOD and
POD activities we found depressed CAT activity under CP toxicity. Bashir et al. (2007)
reported the decreased CAT activity in Glycine max L. under insecticide stress and Jianga et al.
(2010) under herbicide stress in wheat root. The reduction in CAT activity may be attributed to
changes in enzyme structure as a result of binding non-essential metals, degradation of enzyme
by peroxisomal protease causing enzyme inactivation and changes in the assembly of CAT
subunits (Parween et al., 2011; Corpas et al., 2016). While the recovery of enzyme activities in
response to organic amendments may be due to improved plant growth, water contents and
nutrients uptake in poor quality contaminated soil (Azcon et al., 2009).
The residues of CP in both maize shoots and roots increased significantly with increasing its
level which were considerably decreased in amended treatments. The increase in CP
concentration of plants as a result of its application has been reported in wheat and oilseed rape
seedlings (Wang et al., 2007), spring onion (Yu et al., 2009), chinese chives (Yang et al.,
2010), wheat (Copaja et al., 2014). The mechanism behind the low bioavailability of pesticides
is the sorption of pesticides on organic amendments which in turn minimizes the risk of
contaminant entrance in food chain (Zhang et al., 2012). Khorram et al. (2016) reported low
bioavailability of a herbicide fomesafen to maize plants in biochar amended soil.
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The

decreased bioavailability of CP to plants as a result of organic amendments addition in soil can
be due to reduction in degradation and enhanced retention of pesticide in soil because of low
bioavailability of pesticide to soil microorganisms and the second reason is the less uptake in
plant parts which may be attributed to reduction in phytoavailability of this pesticide (Yu et al.,
2009; Khorram et al. (2016) and the present results confirm these findings as low CP
concentration was recorded in maize shoots and roots due to biochar and compost addition in
soil.
4.3.9. Conclusion
CP significantly reduced the maize growth and physiological parameters. Maize plants showed
increased residual concentration of CP in both shoots and roots with the increasing level of CP.
Maize plants induced variations in antioxidant enzymes activities in response to CP stress.
Application of both biochar and compost amendments alleviated the adverse effects of CP in all
studied parameters as manifested by the profound improvement in maize fresh biomass,
recovered antioxidant enzymes activities and decreased residual CP concentration in both roots
and shoots of maize. However, biochar at 0.50% level was found more effective in reducing
uptake of CP by maize plants compared to compost. While, more CP was dissipated in compost
amended treatments compared to biochar. The study is of practical significance and emphasize
that both biochar and compost amendments could effectively be used to minimize CP entrance
in agricultural produce by reducing its bioavailability to maize plants and could be implied for
other crop species. However further research is warranted to delineate the mechanism of
immobilization of CP by biochar and compost amendments. Present results should be explored
on field level and with different soils having history of CP contamination.

89

CHAPTER 5
SUMMARY
Pesticides are used worldwide to control insect pests in order to prevent detrimental effects
posed by insects. The continued use of pesticides is indispensable in order to augment
agricultural production.

CP is a persistent organophosphorus pesticide broadly used

worldwide. Due to its extensive application its residual contents have been reported in different
agricultural products, waters and soils indicating severe threat for animals and human health
due to its persist and entry into food chain. Therefore it has become imperative to restrict its
entry in agricultural products for food safety. Organic matter added in soil may affect the fate
of non-polar pesticides having low water solubility like CP by providing the sorbent surfaces
and hydrophobic interactions thus reduce their mobility. Three studies, two laboratory (in
controlled conditions) and one wire-house pot experiment were carried out for evaluating the
effect of compost and biochar application on the sorption, persistence and phytoailability of CP
to maize. The sorption of CP on amended and un-amended soil was tested using batch
equilibrium method. Five different CP concentrations (5, 10, 50, 100 and 200 mg L-1) and two
levels 0.25 and 0.50 % of both compost and biochar were used in this study. The sorption data
was characterized using Langmuir and Freundlich models. Freundlich model well fitted and
explained the sorption behavior of CP in un-amended as well as amended soil. Both compost
and biochar significantly increased the sorption of CP and the maximum sorption capacities
were achieved at the 0.50% level of both amendments. However, biochar at both levels showed
high sorption capacities for CP compared to compost. The sorption capacities obtained were in
the order of soil + biochar 0.50% ˃ soil + compost 0.50% ˃ soil + biochar 0.25% ˃ soil +
compost 0.25% ˃ only soil.
A growth room incubation experiment was conducted in order to test the degradation behavior
of CP in un-amended (sterilized and non-sterilized) and amended (sterilized and non-sterilized)
soil with biochar and compost. Two levels of CP viz. 100 mg kg-1 and 200 mg kg-1 and two
levels (0.25 and 0.50 %) of each compost and biochar were tested in this study The degradation
of CP in amended and un-amended soil followed first order kinetics. CP at 200 mg kg-1 found
more resistant towards degradation compared to 100 mg kg-1 with less degradation rate at
higher concentration. Much less degradation of CP was recorded in sterilized soil compared to
non-sterilized soil depicting active involvement of soil microbes in CP degradation. The CP
90

half-lives of 30 and 59.5 days were recorded at 100 and 200 mg kg-1 respectively in nonsterilized soil which were aggravated to 94 and 125 days in sterilized soil. Incorporation of
compost and biochar in CP contaminated soil affected differently to the CP degradation and
higher degradation of CP was recorded in compost amended treatments than un-amended as
well as biochar amended treatments. CP significantly reduced the soil dehydrogenase, urease
and phosphatase activities pronouncedly at the initial stage of incubation. Both amendments
significantly alleviated the negative effect of CP on all studied enzymes activities and compost
showed even higher enzyme activities compared to control even in the presence of CP.
A wire-house pot experiment was conducted to unravel the influence of biochar and compost
amendments on the uptake of CP to maize plants. The biochar and compost were thoroughly
mixed to achieve 0.25% (w/w) and 0.50% (w/w) by soil. The maize plants were grown for 60
days in biochar and compost amended soil artificially contaminated with 100 and 200 mg kg-1
of CP. Obtained results indicated toxicity at both CP loadings and reduction of shoot fresh
biomass up to 70% was recorded at CP 200 mg kg-1 than control plants. However, application
of tested amendments significantly alleviated this adverse effect on plant biomass with
profound improvement compost (119 %) and biochar (152 %) in fresh weight at 0.5 % level of
both amendments. CP at both levels significantly reduced the photosynthetic rate, transpiration
rate, stomatal conductance and chlorophyll contents of maize plants. Both amendments
alleviated the adverse effects of CP on all above physiological parameters. The toxicity of CP
was also assessed by measuring the antioxidant enzymes activities in maize shoots. The
stimulated superoxide dismutase (SOD) and peroxidase (POD) activities, and depressed
catalase (CAT) activity was recorded in response to CP toxicity which was significantly
recovered by amendments. Both amendments significantly decreased the CP bioavailability to
maize plants thereby decreasing 89 and 83% CP concentration in maize shoots with biochar,
while 82 and 74% with compost at 0.50 % level in 100 and 200 mg kg-1 contaminated
treatments respectively compared to the plants grown in un-amended contaminated soil. On the
other hand, more CP was lost in compost amended post-harvest soil compared to biochar
implying compost has more positive effect on CP degradation along with decreasing its
bioavailability. Therefore, biochar and compost amendments can effectively be used to
decrease CP entrance in agricultural produce by reducing its uptake by plants.
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Conclusively, both amendments significantly increased the sorption of CP. Biochar was found
more effective by showing more sorption capacity as well as reducing bioavailability of CP
compared to compost possibly due to its high surface area and micro-porosity. On the other
hand compost supplemented soil showed enhanced CP degradation and reduced its persistence
in soil compared to biochar. Therefore, the application of both biochar and compost can be an
important strategy to mitigate the adverse effects imposed by CP with compost having more
positive effect on CP degradation and its removal from soil environment.
Novelty statement:
Chlorpyrifos is extensively used to control insect pests worldwide. In Pakistan it is being
applied as a foliar application as well as soil application in more than 20 crops. The widespread
contamination of soil, water and its residual contents detection in agricultural produce raised
the concerns towards finding strategies to restrict its offsite transport. We reported the effect of
two different types of organic amendments (Biochar and Compost) on the sorption, degradation
and phytoavailability of a chlorpyrifos to maize plants in sandy clay loam soil. This is novelty
in our research work. The literature regarding the effect of organic amendments on antioxidant
enzymes and soil enzymes activities in CP contaminated soil is yet very limited. However,
according to our knowledge the comparative effect of both biochar and compost on the
activities of above enzymes in CP polluted soil is explored first time in literature. We found
that biochar was more effective in increasing sorption of a hydrophobic pesticide like
chlorpyrifos and decreasing its bioavailable fraction compared to compost. On the other hand,
compost enhanced the degradation while biochar decreased the CP degradation which is also a
novelty in our research work. Our findings may be helpful in the remediation of chlorpyrifos
pollution in sandy clay loam soil.
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Future Directions

 Further research is needed to delineate the mechanism of immobilization of CP by
biochar and compost amendments.

 CP uptake results should be explored on field scale and historically contaminated sites
with CP.

 Long term experiments should be carried out to check the residual effect of
amendments in CP contaminated soils on next crops.

 Research related to plant uptake of pesticides is yet very limited and such kind of
studies can be tested for other crop species and pesticides.
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