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ABSTRACT

The use of atrazine (1-Chloro-3-ethylamino-5-isopropylamino-2, 4, 6-triazine) and paraquat (1,
1’-Dimethyl-4, 4’-bipyridinium dichloride) as alternatives to manual or mechanical weeding in the
developing world is becoming inevitable. The frequent application of these two pesticides has led
to contamination of soils with dire attendant environmental consequences.A study was therefore,
conducted to evaluaate the ability of cocoa and rice husk-derived biochar types to enhance the
remediation of atrazine and paraquat contaminated Acrisol (Adenta series) and Vertisol (Akuse
series) and to ascertain the effectiveness of the two biochar types in actively supporting the growth
of beneficial soil microorganisms to enhance the degradability of the pesticide in contaminated
soils. The two soils were amended with each of the two biochar types at 10 t/ha and thereafter
contaminated with the each of the two pesticides at three rates of zero, normal application and ten
times normal application rates and replicated three times in a completely randomized design. The
moisture contentwas kept at 80% field capacity and the samples incubated for 90 days.. Total
heterotroph count, microbial biomass C and N and C and N mineralized were determined at 10 day
intervals for the entire duration of the experiment. Results showed that biochar amendment
stimulated growth of heterotroph counts in both the Akuse and Adenta series with the highest
mean counts of 66 x 10°cfu/g soil being obtained from the Akuse series amended with cocoa husk
biochar and contaminated with atrazine at ten times the normal rate of application. Microbial
biomass carbon was also high for the biochar amended soils especially for the cocoa husk biochar
amended soil. The use of paraquat had a depressive effect on the total heterotroph counts.
Application of paraquat did not significantly depress the microbial biomass carbon especially in
the cocoa husk biochar amended soils contaminated with ten times the normal rate of atrazine.

Microbial activity was also high in the biochar amended soils compared to the un-amended soils



and contaminated with pesticide. Degradation of atrazine at normal rate of application was faster
in both soil series amended with rice husk biochar as compared to the soils amended with cocoa
husk biochar and the un-amended. At ten times the normal application rate of atrazine, degradation
was fast in the cocoa husk biohar amended Akuse and Adenta series. There was less degradation of
paraquat in both soils; however, at normal application rate of paraquat, degradation was faster in
the rice husk biohar amended soils i.e. for both Adenta and Akuse series. The high composition of
the nutrients in the cocoa husk biohar biochar especially the available P materials make it a

suitable material to be used as soil amendment in the highly acid soils in Ghana.

Vi
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CHAPTER ONE

1.0 Introduction

Soil is the most intricate and dynamic natural resource comprising of air, water, inorganic and
organic solids and living organisms (microorganisms, animals and plants). It forms an interface
between the atmosphere and the biosphere performing many crucial functions both from an
ecological and non-ecological perspective (Guimaraes, 2010). Among the ecological services the
soil plays are primary food production, regulation of biogenic gases and the earth’s climate,
biogeochemical cycling, the maintenance of biodiversity, that is providing ‘habitats’ for various

organisms: microorganisms, plants and animals (Blum, 2005; Hodson, 2010).

In spite of the many services the soil provides, persistent exploration and exploitation of the soil as
a resource, incorrect agrochemical use, unrestrained combustion, as well as growths in population,
urbanization and increased industrial activities have led to the introduction of synthetic materials
into the soil environment (Mielke et al., 2004; Roy et al., 2005; Chen et al, 2007). The soil is
polluted with these displaced organic and inorganic chemicals as a result of human activities (such

as industrial, mineral extraction, poor waste disposal and agricultural activities).

In Ghana, agriculture and mining are the key contributors to soil pollution (Asante and Ntow,
2009). Agriculture remains a major factor in many sub-Saharan Africa countries including
Ghana with about 40% share in the Gross Domestic Productivity (GDP) (Asante and Ntow,
2009),with subsistence farming commonly being practiced by most of the farmers (Duku et al.,
2011). However, the need for the developing nations to increase agricultural production and to
retain the organoleptic characteristics of fresh foods for extended period has led to an increase in

the use of pesticide in Ghana.



Pesticides have become the fastest and most reliable means of reducing the high pre and
post-harvest losses due to pest and disease with an estimated 87% usage among farmers (Dinham,
2003). Thus farming is fraught with abuse of pesticides particularly in the cocoa and cotton
plantations, vegetable farms and rice fields as agriculture production surges (Asante and Ntow,
2009). However, accompanying the increased use of pesticides is environmental and health
problems that are on the rise due to indiscriminate use and inappropriate handling of the chemicals.
Most users of these pesticides are often ignorant, and lack the necessary training coupled with the
ease of availability of highly toxic pesticides which are often not well labeled, poorly packaged
and recklessly promoted (Ntow et al, 2005). Hazardous pesticides are often sprayed ten to twenty
times more than the recommended rate leading to an accumulation in the soil environment (Focant,

2001).

In the soil environment, the fate of pesticides has become a huge problem with respect to efficient
control of pests, non-target organism exposure and movement off-site (Hafez and Thiemann,
2003) possibly because of their harmful effects on microorganisms in the soil (Aradjo et al., 2003)
which may in turn disturb the fertility of the soil (Schuster and Schrider, 1990). An ideal pesticide
must be biodegradable, not leach into ground water and should be toxic to target organism only.
Regrettably, in modern agriculture this is hardly the case of pesticides use (Johnsen et al., 2001).
The product has contaminated soils all around the world (Mench et al., 2010). According to the
EEA,(2005),s0il system is normally endowed with a large resilience; therefore damage often only

becomes obvious when it is extreme.

1.1 Problem statement

It is projected that less than 10% of total pesticide applied generally gets to target pest and most of
the pesticide remains unused and enter into the ecosystem (Fogarty and Tuovinen, 1991). This

2



problem arises from misapplication or over dependence on pesticides. Despite their persistence in
the environment, the tendency to accumulate and become toxic to non-target organisms including
humans, use of pesticide cannot be discontinued. Thus a suitable mitigation scheme is essential to
make pollutants less movable and toxic to receptors. In Ghana, there has been no known attempt to

remediate soils contaminated with pesticide for safe cultivation of agricultural crops.

Among the countless exisiting soil remediation technologies for detoxification and
decontamination of soils contaminated with pesticide, bioremediation appears to be cost effective
and environmentally (Haggblom, 1991). Generally in nature, microorganisms work to degrade
organic products in the soil making use of nutrients in the soil. Modifying the soil environment
can assist the organisms to accelerate the pesticide degradation (Singh, 2008). This can potentially
be achieved by bioremediation methods such as the addition of geosorbents, for example biochar,
zeolite, and activated carbon to the soils contaminated (Kah and Brown, 2007). Because of the
extensive and frequent usage of pesticides in Ghana and the fact that most of the nation’s farmers
are poorly resourced, any technology that would seek to help remediate pesticide from the soil

environment must be cheap and easy to adopt and apply.

Biochar is a highly porous material containing functional groups such as the carboxylic and
phenolic groups which influence its surface chemistry such as CEC and surface acidity etc. It also
has large surface area that greatly influences its sorption properties (Tang et al., 2013). In addition,
it has high oxides and carbonate contents and high pH which vary with feedstock (Zheng et al.,
2013). These characteristic of biochar imply that the material has sorption properties that may vary

with feedstock and pyrolysis temperature.

The principal sorption process of organic compounds unto charred materials is adsorption, mainly

attributed to the recently formed atomic surfaces and micropores, while absorption dominates that



of uncharred biomass( Wang & Xing ,2007).According to Loganathan et al. (2009), there was a
decline in atrazine mineralisation, when the soil was amended with 1% (w/w) wheat char ascribing
the decline in bioavailability of the pesticide to the rise in sorption of the herbicide on the char.
With the high K and P contents of cocoa pod, it is likely charring the feedstock anaerobically will
raise substantially the pH and P of the biochar produced. This high pH and P material when
added to especially acid soil will encourage the proliferation of microbes to remediate pesticides
that may have contaminated the soil. The high polyphenol content of cocoa husk when liberated on
charring could also serve as sites for adsorption of pesticides in soils. Though several works exist
in literature on the use of biochar in pesticide sorption, very little attention has been paid to the use
of cocoa pod and rice husk biochar as soil amendements to create a congenial environment for

microbial mediated remediation of pesticides.

1.2 Justification

Use of biochar is gradually being recognized as an environmental-friendly method, particularly as
a climate change mitigation approach and remediation tool in recent years (Tang et al., 2013).
Intrest in bochar as soil amendment is increasing because not only can it mitigate climate change
by sequestrating C from atmosphere into soil (Lehmann, 2007;Marris, 2006), it also improves soil
properties, enhance soil productivity by increasing moisture and nutrients retention (Lehmann et
al., 2006) and microbial activity (Lehmann et al., 2011) hence increasing crop productivity.
Several kinds of biomass such as crop residues, agricultural by-products, wood waste, forestry
residues, organic portion of municipal solid waste, industrial waste and manures serve as raw

material sources for biochar production, (Duku et al, 2011).

To boost the production of rice in Ghana, a national policy was put in place to reduce rice

importation and has led to the generation of large volumes of rice husk in rice growing areas.
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Rice husk waste accounts for 23% of the total paddy weight (Frimpong—Manso et al., 2011). Itis
highly unsuitable as a soil amendment because of its high C: N ratio which makes its breakdown
difficult. Thus the material piles up breeding rodents such as mice, which in turn attract snakes to

these sites.

Ghana has become the second largest producer of cocoa beans with about 1,000,000 metric
tonnes of the beans being produced in 2012 (USDA, 2012). It is estimated that to produce one
tonne of marketable cocoa beans between 25,000 and 30,000 pods would have to be cracked
(STCP, 2007). The cracked cocoa pods are dumped near the farms becoming an important supply
of disease inoculum to the crop growing in the field (Figueira, 1993). In the past, ashed cocoa pods
were used in soap preparation, but with the invasion of imported soap, the locally manufactured
soap is no longer attractive to Ghanaians leading to the piling up of the cocoa husk. Thus any
technology that will transform the pods into a valuable material will go a long way in reducing the

amount of cocoa waste produced.

Pyrolysis is likely to reduce the size of bio-solids, remove pathogens and organic matter is changed
into bio-fuel, bio-oil and biochar (Lu et al., 2011; Domi1’guez et al., 2006). Biochar pyrolysed from
agricultural waste contain high elemental carbon, some nutrients including a large amount of
exchangeable cations. Biochar has a large surface area and with its high nutrient composition
especially P (Hossain et al., 2010, 2011; Lu et al., 2011), it can be exploited for use as soil

amendment to boost microbial population and activities to degrade pesticides.

It is in the light of these that this study was carried out to elucidate the effectiveness or otherwise in
using cocoa pod and rice husk biochar as an amendment in remediating pesticide contaminated

soils in some soils of Ghana.

For wide applicability and to be able to transfer the results to most agricultural soils of the country,
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it is also important for a trial to be carried out on both light, Adenta (Acrisol) and heavy, Akuse
(Vertisol) textured soils.To be able to transfer the results to other agricultural soils of the country,
it is also important for an agronomic trial to be carried out on both light, Adenta (Acrisol) and

heavy, Akuse (Vertisol) textured soils..
The objectives of the study, therefore, were to

e Evaluate the effectiveness of two feedstock-derived biochars (cocoa and rice Husk) to
enhance the remediation of atrazine and paraquat contaminated Acrisol (Adenta series) and

Vertisol (Akuse series).
e Gain a better understanding of how biochar actively supports the growth of beneficial soil
microorganisms and enhance their activities in pesticide contaminated soils.
1.3 Hypothesis:
HO: Addition of biochar to Ghanaian soils enhances degradation of pesticides.

HA: Addition of biochar to Ghanaian soils doesn’t enhance degradation of pesticide.



CHAPTER TWO

LITERATURE REVIEW

2.0  Overview

Agriculture sustainability is crucial for human’s survival given the rapid rate of the population
growth. Sustaining or enhancing crop yields on remaining farm lands, either on a large or small
scale, is very necessary since expanding agriculture into remaining natural vegetation is damaging.
Pest control is among the controlling factors of agriculture particularly under tropical climatic
conditions. The control of pests biologically is normally inadequate and mechanically is either
strenuous by hand or demanding with machinery. Thus the use of pesticides have, therefore,
become an inevitable tool in controlling the pests of various field crops worldwide including
Ghana (Amoah, et al., 2006). Their persistent use leads to build up of toxic residues in the
ecosystem especially the soil. Thus integrated pest management systems and also soil remediation
programmes for already contaminated soils such as bioremediation is being adapted to help overt
the difficulties associated with the usage of pesticides. In the ensuing paragraphs, literature is

reviewed on biochar, bioremediation and pesticides in the soil environment.

2.1  Pesticide

According Food and Agricultural Organization (FAO) any substance intended for inhibiting,
destroying or regulating pests is a pesticide. The pests comprises vectors of human or animal
disease, undesirable plants or animals species causing damage or meddling with the production,
handling, storage, transport or marketing of agricultural produce and inputs . Substances intended

for use as a plant growth regulator, defoliant, desccant or agent for thinning fruit or stopping the



premature fall of fruit and substances applied to crops either before or after harvest to keep the

commaodities from declining during storage and transport are pesticides (WHO/FAO, 2005).

In agriculture, pests have been a threat to productivity because of their destructive activities and
the economic damage they cause to crops before and after harvesting. Extensive use of pesticide is,
therefore, due to the advantages they offer. They are effective and reliable in keeping crops healthy
and prevent them from being destroyed by pests’ infestation. Pesticides work fast in emergency
situations especially when crops are under immediate threat of infestation. It is estimated that
about one thousand four hundred (1400) pesticide ingredients are used in the agricultural sector,
(Kolpin et al., 1998). Ghana currently consumes about 25% of these pesticides (Ntow et al, 2006).
Aside the beneficial effects of pesticides, its negative effects on environmental quality and health
have been well researched worldwide and create a major issue that contributes to worries at local,

regional, national, and international scales (Ntow, 2001, Cerejeira et al., 2003).

Pesticide residues pollute soils and water, persist in the crops, move in to the food chain and are
consumed by humans through food and water. Natural habitat deterioration and biodiversity
losses as a result of pesticide use is well documented (Sattler et al., 2006). An occurrence of pest
resurgence, resistance development to pesticides, pest outbreaks and non-target species
destruction has been reported. Intensive pest management is generally required for vegetables

production as it’s attract a wide range of pests and diseases (Dinham, 2003).

Misapplication of highly toxic pesticides such as paraquat is among the unsuitable pests control
practices in agriculture production in Ghana which results in pesticide contamination of the

produce itself as well as the environment. While there is an increased concern by Ghana’s elite



about the adverse effects of pesticide on the environment and the condition of the country’s natural

resources, little scientific research has been done to address the matter, (Ntow, 2001).

Safe pesticide management plays a vital part in the context of efforts to attain harmless, sound and
viable production of vegetables. According to Bull (1982), management of pesticide includes all
phases of the safe, effective and economic use in control of pesticides. Appropriate use of
pesticides in Ghana means taking into consideration the wellbeing, social and economic realities
of life. It entails using pesticides which can carefully be applied only when necessary in the right

health, social and environmental perspective (Osafo and Frempong, 1998).

2.2 Uses of Pesticides

Pesticides are used generally to control organisms considered harmful to biodiversity and their
products. In the tropical environments, the loss of crops due to pests, plants diseases and
competition from weeds is enormous. According to the United State of America Data Programme
(2003), to destroy vectors like mosquitoes that can transmit deadly diseases like West Nile virus,
malaria and yellow fever pesticides are used. Pesticides can inhibit illness in humans that could be
triggered by mouldy food. Animals can also be protected from parasitic infections such as fleas by
pesticides. Pesticides are also used in clearing weeds that may cause environmental damage.
Application of pesticides to ponds and lakes control algae and plant for instance wiregrasses that
can impede activities like swimming and fishing causing the water to look or smell unpleasant.
Wooden arrangements of houses such as ceilings, doors, and window frames can also be protected
from pests such as termites may be controlled by pesticides. Pesticides have been used in grocery
stores and food storage facilities to reduce post-harvest losses of produce such as grains by rodents
and insects (Clarke et al., 1997). Various studies found that not using pesticides reduced yields

by 10% (Adeyeye and Osibanjo, 1999) and aslo a ban on pesticides in the United States of
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America may possibly cause increase in food prices, job loss and a surge in global hunger (Repto
and Balige, 1996). Although the World Health Organization has given a solid backing to fighting
malaria with pesticides, each use brings some related hazards. Proper use of pesticide nevertheless
reduces these accompanying hazards to a level considered tolerable by Pesticide Regulatory
Agencies such as United State Environmental Protection Agency. Widespread use of pesticides,
therefore, is due to the advantages they offer, that is, keeping crops healthy and preventing them

from being wasted by diseases and infestation.

2.3 Herbicides

Herbicides are generally pesticides used in the control of weeds. The use of herbicides to control
weeds has a number of merits over other methods. The advantages include the control of weeds
between rows as well as within rows and use of pre-emergence herbicides provide weed free
environment for the crop from the beginning (Baker & Terry, 1991). Herbicides also improve crop
growth by suppressing weeds at later stages and when the soil is not workable owing to incessant
rains (Singh et al., 1996). Weeds which are difficult to control by physical or mechanical means
are easily controlled by herbicides. In some cases, herbicide helps reduce the need for pre planting
tillage and used as a zero tillage method. Uses of herbicides enhance the ability to cover a large
area in a particular growth stage saving cost and time compared to manual weeding (Singh et al.,

1996).

Like any other control methods, herbicides usage has its own drawbacks including leaching and
run off into nearby fresh water (lakes, lagoons and rivers) and ground water, causing substantial
harm to neighboring desirable organisms. Herbicides also contaminate the environment,
especially the soil and kill non-targeted organisms. They are expensive and misuse and prolonged

usage can cause resistance in some weeds. They have adverse effects on the human body
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particularly those who apply it causing nausea, frequent headaches and chronic fatigue.

Several of the herbicides used to protect crops are grouped into chemical families:
organochlorines, organophosphates, carbamates, phenoxy and benzoic acids (2, 4-D), triazines

(atrazine), paraquat and glyphosate (Miller, 2002).

2.3.1 Atrazine

Atrazine, 2-chloro-4-(ethylamine)-6-(isopropyl amine)-s-triazine, a selective pre- and
post-emergence herbicide is one of the most extensively used herbicides worldwide (Stevens &
Sumner, 1991). Atrazine Kills weeds by attaching to the quinone-binding protein in photosystem
I1, hence, hindering the photosynthetic electron transport. Atrazine is absorbed through roots of
weed, depending on the time of application and weed species some foliage absorption can take
place (Burken & Schnoor, 1997). Atrazine is the most common and extensively used herbicide on
cereal farms and is mobile in the soils (Battaglin et al., 2003; Ribeiro et al., 2005). If atrazine is
applied to the soil before a heavy downpour or in the event of irrigation can be washed out from the

root zone into ground water resources.

Atrazine is frequently used in combination with other herbicides as compared to other chlorinated
herbicides (Chan & Chu, 2005; Eldridge et al., 1999; USEPA, 2003). Due to the persistence of
atrazine in soils, in addition to their runoff to surface and groundwater, severe environmental

problems emerges even though it has a low toxicity on humans(Dos Santos et al, 2004).

As a result of atrazine’s low biodegradability and high potential to contaminate e surface waters
and groundwater is a pollutant of environmental concern (Chan & Chu, 2005). Though atrazine is

a banned or a controlled substance in numerous countries, 100 mg/L to 1ug/L concentrations have

11



been reported in surface waters (Parra et al., 2004). The acute toxicity of 40 herbicides were
compared utilizing nine diverse means of action on the green alga Raphidocelis subcapitata, Ma et
al. (2006) establish that photosynthesis was the most delicate process, and atrazine was among the

most toxic herbicides used.

Atrazine can be degraded chemically and biologically in soil. It is difficult to differentiate between
the biological and chemical source of atrazine degradation. For example, hydroxyatrazine can
result from either chemical hydrolysis (Armstrong and Konrad, 1974) or from metabolism by
some soil fungi (Owen, 1989). Although N dealkylation can occur as a result of chemical
degradation (Lerch and Li, 2001), it is also an essential process of biological degradation and
might be brought about by fungi and bacteria present in the soil (Lin et al, 2005; Weber, 1977). It
has been found that some microorganisms remove the ethyl side chain preferentially (Skipper and
Volk, 1970; Schiavon, 1988), while others preferentially remove the isopropyl side chain (Lin et
al, 2005). Even though atrazine has toxic effects on existence, its metabolites, including
deethylatrazine and deisopropylatrazine, are currently presumed to be less toxic than their parent
molecule (Kross et al., 1992; USEPA 2002). Nonetheless, particularly in agricultural soils,
deethylatrazine and deisopropylatrazine, which keep the chlorine atom, are considered phytotoxic

(Hounout et al., 1998).
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2.3.2 Paraquat

Paraquat (1, 1’-dimethyl-4, 4’-bipyridylium dichloride) is a broad-spectrum contact herbicide
widely used around the world for all spectra of weeds due to its excellent effect within plant cells
in crop protection and horticultural use. It is a fast acting, non-selective herbicides, foliar-applied
and can destroy tissues of weeds on contact and by translocation within the weeds (Suntres, 2002;
Bromilow, 2003). The use of paraquat has brought substantial benefits to agriculture production

globally.

Paraquat is immobilized on clay soil fractions shortly after application (Tucker et al, 1967). The
adsorption of paraquat by clay colloids renders the herbicide unavailable for microbial degradative
attack, and consequently, paraquat may remain unaltered, albeit biologically inert, in the soil for
many years with negligible rates of loss from the environment (Riley et al, 1976;Smith et al, 1978).
In the short period of time between its application and deactivation by soils, however, paraquat
may be degraded by soil microorganisms (Burns, 1970). Studies on the microbial degradation of
herbicides in soils have often proved difficult (Hills and Arnold,1978), and owing to the
adsorption of paraquat, studies on paraquat degradation in situ have been particularly so. Thus, the
majority of studies have been carried out in vitro. Several microorganisms have been reported as
being capable of the in vitro degradation of paraquat (Funderburk and Bozarth, 1967). In the
majority of the cases, however, paraquat degradation was shown to be extremely variable in both
extent and rate, and evidence of only one degradation product other than CO> has been reported,
the N-methyl betaine of isonicotinic acid (Funderburk and Bozarth, 1967). The latter product
has, however, been shown to be a major intermediate in the photolytic degradation of paraquat
(Slade, 1965). A strain of the soil yeast Lipomyces starkeyi is capable of rapid, efficient, and

complete in vitro degradation of paraquat when the herbicide is used as a sole source of culture
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nitrogen (Anderson and Drew. 1972; Baldwin et al, 1966). This aerobic degradation is effected
over a wide range of pHs and temperatures (Anderson and Drew. 1972). The only product of
paraquat degradation identified was CO2, and no mechanism for the degradation of paraquat was

proposed.
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2.4 Factors Influencing Degradation of Pesticide in Soil

Pesticides undergo a series of reactions in the soil environment before degradation takes place. The
intensity of each of degradation mechanism depends on the pesticide physico-chemical properties,
soil characteristics, environmental conditions as well as management practices. In this study the

relevant factors that influence the pesticides degradation is presented.

2.4.1 Pesticide Structure

A pesticide’s physico-chemical property and intrinsic biodegradability is governed by its structure.
The susceptibility of a compound to biotransformation is brought about by minor changes in
structure. Polar groups such as COOH, OH and NH> influence a site’s vulnerability to attack by
microbes to speed degradation.But other organic compounds such as halogens or alkyls makes the
pesticide more resistant to degradation (Cork and Krueger, 1991). Slight alterations in the position
of polar groups or substituents type in the same class of pesticides also affects degradation rate
(Topp et al., 1997). Atrazine is an example of an asymmetrical mono-chloro-bisalkylamino-s-
triazine, which contains in its chemical structure an aromatic hexameric and symmetrical ring

constituted by three carbon and three nitrogen atoms in alternate positions (Fig.2.3).
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Ng\
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Fig 2.3 Chemical structure of Atrazine (Sene et al, 2010).
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Paraquat (1, 1°-dimethyl-4, 4’-bipyridylium dichloride) is bipyridylium quaternary ammonium
herbicide characterised by positive charges thus most absorb to negative surface charges. In the
soil paraquat bioavailability is rapidly reduced by adsorption. Over a wide range of soils there is
more than enough evidence to demonstrate that paraquat adsorption is capable of deactivating the
mutiple applications. Furthermore this implies that paraquat is in effect immobile in soils and

cannot leach into ground water.

H3C_N'

Cl

Fig 2.4 Chemical structure of paraquat (Dos Santos et al, 2011)

2.4.2 Pesticide Concentration

Concentration of pesticide application is an important parameter in determining the rate of
biodegradation. The degradation kinetics of many pesticides approach first order; the rate of
degradation decreases roughly in proportion with the residual pesticide concentration (Topp et al.,
1997). Gupta and Gajbhiye (2002) reported that the half-life of flufenacet in three Indian soils,
viz., Inceptisol, Vertisol and Ultisol, varied from 10.1 to 31.0 days at low rate (1.0 pg g-1 soil)
compared to 13.0 to 29.2 days at high rate (10.0 mg kg™ soil) of application. Butachlor at higher
application rate in soil had reduced degradation rate which could be attributed to limitation in the
number of reaction sites in soil and the toxic effect on microorganisms or enzyme inhibition
(Prakash and Devi, 2000). Studies done by Yu et al (2003), showed that butachlor degradation was
dependent on the rate of application and type of soil, hence reported half-lives of butachlor in
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non-rhizosphere, wheat rhizosphere and inoculated rhizosphere soils ranged from 6.3 to 18.0 days

at 1.0 mg kg-1, 2.9 to 19.9) days at 10.0 mg kg-1 and (10.8 to 23.2) days at 100.0 mg kg-1.

2.4.3 Pesticide Solubility

Low solubility pesticides have a tendency to be more resistant to microbial degradation than high
solubility compounds. Microorganisms can only benefit from the fraction of the pesticide
dissolved in soil solution. The pesticide dissolution rate would, therefore, be regulated by

biodegradation rate (Cork and Krueger, 1991).

McCall et al. (1980) suggested that the organic carbon water partition coefficient (Koc) value
provides a reliable estimate of a chemical's mobility in soil. Atrazine has a Koc value of 170 which
indicates that it is moderately mobile. Pesticide degradation products are usually more soluble than
the parent molecule. Differences in molecular symmetry, and therefore polarity, can account for
higher solubilities of structurally modified atrazine (Esser et al., 1975). With the use of soil
thin-layer chromatography, Somasundaram et al. (1991) found that both the octanol water
partition coefficient (Kow) and water solubility significantly correlated with the mobility of

atrazine and hydroxyatrazine.

2.4.4 Soil Types

Degradation of pesticides in soil is inflenced by soil properties such as, clay content, organic
matter and pH (Gupta and Gajbhiye, 2002). The soil plays a very vital role in pesticide degradation
by providing a suitable environment for the degradative microorganisms. Sorption of pesticides by
soil particles governs their bioavailability affecting their persistence. The type of clay and organic
matter are important soil parameters that influence the activity of pesticide degrading

microorganisms.
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Even though paraquat is strongly adsorbed by almost all soil types, it interacts differently with
components of soil such as organic matter and clay (Summers, 1980). Studies have proved that 300
mg of paraquat ion/kg of soil was adsorbed, 2500 - 3000 and 7500 -8500 mg/kg, by kaolinite and
montmorillonite, respectively (Coats et al, 1964). The study established that adsorption by
montmorillonite was greater than the adsorption in kaolinite and this was due to the large surface
area of the former’s expanding clay lattice structure as compared to nonexpanding clay lattice of
the latter. However, at higher concentrations of paraquat, ammonium ions were found to be
capable of partially substituting paraquat in both soil and kaolinite, but to a very limited magnitude
in montmorillonite due to adsorption occurring via several mechanisms. By using X-ray
diffraction further research works have provided an understanding into the processes of paraquat

adsorption (Summers, 1980; Knight and Denny, 1970).

Studies have shown atrazine adsorption/desorption on the soil particles are very vital factors,
which decides its environmental fate (Moreau-Kervevan and Mouvet, 1998). Other research works
found that with atrazine adsorption on clay irrespective of its chemical nature, acidic
H-montmorilonite provided enhanced function compared to near neutral Na-montmorillonite
(Bailey et al., 1968). It has been observed that with an increase in the surface charge density of
smectities, atrazine adsorption is reduced and the process is also reversible (Barriuso et al., 1994)
with slight negative and positive attraction on some clay detected. Atrazine desorption from
alluvial samples, tile and sand low in organic matter were hysteretic (Roy and Krapac, 1994).
Downward movement and leaching of atrazine is considerably reduced since it is readily adsorbed

on clayey soils or muck than on low organic matter and clay soils (EI-Bestawy, 2013).

20



2.4.5 Soil Moisture

Microbes always need a film of water around them to function, and it also serves as solvent for
pesticides movement and diffusion. In very dry soils, degradation is very slow as pesticide
transformation rate mostly increases with increasingwater content. Anaerobic pesticide
degradation is prevalent in very wet soils such as rice paddies than aerobic degradation, as
atmospheric oxygen diffusion rate in the soil is very restricted. Pesticide degradation can also be
accelerated or retarded by low oxygen transfer at high moisture content (Walter-Echols and
Liechtenstein, 1978). Under aerobic condition, atrazine and trifluraline degrade more rapidly

than underaerobic condition (Ponnamperuma, 1972).

2.4.6 Temperature

Temperature effect on the degradation of a pesticide is influenced by the molecular structure of the
pesticide. Adsorption of pesticides in soil is influenced by temperature which in turn controls the
hydrolysis and solubility of pesticides (Racke et al., 1997; Burns, 1975). While adsorption and
desorption mechanisms are exothermic and endothermic respectively, it is estimated that as
adsorption decrease with rise in temperature, pesticide solubility will decrease. Microbial activity
is accelerated by temperature increase and thermophiles are likely to govern reactions at high

temperatures.

An increase in temperature stimulates microbial activity and at certain temperature some
ecological groups tend to dominate. A study of the effect of rimsulfuron on the growth and activity
of microbial biomass under laboratory conditions at varying conditions of temperature in a silty
clay loam soil Perucci et al. (1999). The onset and magnitude of the effects of rimsulfuron were
temperature dependent and generally slight and transitory. Rimsulfuron hydrolyses rapidly in soil

under conditions of high temperature (Vischetti et al., 2000). The maximum growth and activity of
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microorganisms in soils occur at 25-35°C (Alexander, 1977) and pesticide degradation is optimal

at mesophillic temperature range of around 25-40°C (Topp et al., 1997).

2.4.7 Soil pH

Pesticide adsorption is influenced by soil pH, as well as its degradation abiotically and biotically
(Burns, 1975). Soil pH has an effect on the pesticide molecules sorptive behavior on organic and
clay surfaces and hence, the speciation chemically, bioavailability and movement (Hicks et al.,
1990). Pesticides susceptible to alkaline or acid catalyzed hydrolysis greatly influence effect of pH
on degradation (Racke et al., 1997). In acidic or neutral solutions paraquat is chemically stable

however in alkaline solutions especially at pH > 12 is hydrolyzed (Topp et al., 1997).

All microbial species are able to survive only within a specific pH range. Additionally, soil pH
may influence availability of nutrients. Biodegradation of most pesticides is ideal at pH 7 (neutral);

the standard range is pH 6 — 8 (US EPA, 2006).

Generally heterotrophic bacteria and fungi prefer a near neurtality pH, with fungi being more acid
tolerant (Atlas, 1978). Therefore under extreme pH conditions such as salt marshes and hot
springs, pH would have a negative impact on the capability of microbes to degrade pesticides

(Patrick and DeLaune, 1977).

2.4.8 Soil Organic Matter

The presence of organic matter may alter the behaviour of pesticides in soils. Soil organic matter
can either decrease the microbial mediated pesticide degradation by stimulating pesticide
adsorption processes or enhance microbial activity (Perucci et al., 2000) by co-metabolism (Nair
and Schnoor, 1994; Thom et al., 1997). The addition of organic materials to flooded soils enhanced

the bacterial degradation of some organo-chlorine insecticides such as BHC, DDT, methoxychlor
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and heptachlor (Yoshida, 1978). Microbial degradation of linuron (Hicks et al., 1990) and
pencycuron (Pal et al., 2005) in non-sterile soils were stimulated by organic matter amendment. A
certain minimum level of organic matter (greater than 1.0%) is essential to ensure the presence of
an active autochthonous microbial population that can degrade pesticides (Burns, 1975). The
species diversity arising from such situation may increase the presence of sufficient number of
enzyme systems that are able to attack pesticide molecules (Farmer and Morrison, 1964; Butcher

etal., 1969).

2.4.9 Soil Biotic Components

Pesticides degradation under non-sterile condition is faster when contrasted with degradation
under sterile condition showing the function of microbes in the degradation of pesticide. Various
works have indicated pesticide degradation in soil by microorganisms (Banerjee et al., 1999;
Hafez and Thiemann, 2003; Sukul and Spiteller, 2001). The pesticides breakdown in soils is
achieved by a range of biotic processes including the utilization of pesticides as carbon, energy and
nitrogen sources. Microorganisms can likewise degrade pesticides co-metabolically (Blazes and
Edwards, 1980). It is advantageous to study a new pesticide for degradation including the
persistence of metabolites produced in diverse agroclimatic conditions. For the introduction of
new pesticide, it is worthwhile to study its degradation including the persistence of metabolites

formed in different agroclimatic situations.

2.5  Effects of Pesticides on Soil Microbiological Parameters

The population of soil microbes may change both quantitatively and qualitatively in numerous
means by pesticides. The utmost noticeable impact is the immediate toxicity of applied pesticide to
the susceptible species of microbes (Matsumara and Boush, 1971). As a result of reduced

competition, different microbial species get to be resistant to the pesticide and can build their
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biomass. Different parameters for example, soil microbial biomass, identification of various
microbial populaces, estimation of functional or particular soil enzyme activity have been used to
measure potential inhibitory impact of a pesticide (Topp et al., 1997). Studies of microbes depend
more on soil microbial biomass than the numbers of soil microbes. Normally just a little portion of
the microbial population is evaluated using microbial strategies; under research conditions the

population number of these is non-culturable in artificial media (Trevors, 1998).

2.5.1 Soil Microbial Biomass

The living portion of organic matter in soil including microorganisms smaller than 5-10 pg is
termed as soil microbial biomass. Generally microorganisms include bacteria, actinomycetes,
algae, protozoa and micro fauna. Faunas greater than 5-10 cubic micrometer and roots of plants
and earthworms, are excluded (Sparling, 1985). ). As indicated by Duah-Yentumi and Johnson
(1986), carbofuran and simazine have no noticeable hindering impact on soil microbial biomass;
however continous utilizations of paraquat essentially diminished microbial biomass, generally
the fungal biomass. Significantly variable impacts may exist on soil microbial biomass created by

single or continous utilizations of various pesticides (Duah-Yentumi and Johnson, 1986).

A native fungal strain isolated from corn field soil readliy made use of atrazine as a nitrogen source
(Singh et al., 2004). Another study also established that diverse groups of pesticide can be
degraded or mieralised by several bacteria and fungi present in soils (Briceno et al., 2007). Also
amending the soil with organic materials can stimulate pesticide adsorption, movement and
biodegradation. In the same field frequent pesticide application for a number of years influenced
the build up of a vigorous microbial population in soil with the ability to degrade known pesticides

(Hicks et al., 1990).
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Additionally the species of soil microoganisms were able to degrade alachlor, atrazine,
monocrotophos and 4-chlorophenol (Yu et al, 2006; Bhadbhade et al 2002).A trazine degradation
has been found to be dependent on alachlor degradation. The genera Arthrobacter, Clavibacter,
Nocardia, Rhodococcus, Nocardioides, and Streptomyces give the impression as pesticide
degrading Actinomycetes (De Schrijver and De Adage, 1999). Moststudies on the influence of
different pesticides, particularly the herbicides were done mostly under laboratory conditions and

barely reflects field. Pesticides, when connected at field rate, don't impede microbial biomass.

2.5.2 Microbial Activity

The metabolic state of microorganisms is not determined by evaluating microbial biomass and
ergosterol. Alongside microbial biomass, microbial activities have to be similarly evaluated for
right assessment for the functioning of the ecosystem and soil disturbing effects because of

perturbations (Brookes et al., 1987).

2.5.2.1 Soil Respiration

Active living cells require constant energy supply, which the heterotroph acquires via the
decomposition of organic matter with the evolution of CO. and H2O. Thus by assessing evolution
of CO> or uptake of oxygen, metabolic processs of microorganisms can be evaluated (Nannipieri et
al., 1990). One of the oldest but still the most frequently employed parameter for assessing
microbial activity in soil is soil respiration. It can be examined both in un-amended and amended
soils. Basal respiration discloses total possible microbial activity (Dark, 1990). Substrate induced
respiration is a gauge of the complete physiologically active portion of the soil microflora
(Anderson and Domsch, 1978). The availablity of carbon to organisms is expressed by a
combination of the basal and substrate induced respiration (Cheng et al., 1996). To depict the

microbial status of soil both methods were usually used as bio indicators of health or quality of the
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soil (Gregorich et al. 1994; Pankhurst et al., 1995). Comparable to other metabolic processes, soil
respiration depends on the physiological state of the microbial cells and as affected by a few soil
constituents. Soil respiration is often used in assessing the lateral effects of chemicals, for instance,
pesticides and heavy metals (Alef, 1995). The level of inhibition impact relies on the influence of
the intensity as well as on the exposure time of the microorganisms to stress. Atrazine has been

found to essentially increase the soil respiration after 96 h of incubation (Tu, 1992).

2.5.2.2 Ecophysiological Quotients (qCO2 and QR)

The ratio of soil basal respiration to microbial biomass (specific respiration of the biomass or
microbial metabolic quotient , qCO») taking into account Odum's hypothesis of biological system
progression (1969) was suggested as a preference rate of alterations in the physiological condition
of the microbial group and its activity in light of unsettling influence (Anderson and Domsch,
1985, 1990). Jones and Ananyeva (2001) found a similar correlation between microbial metabolic
quotient and pesticide degradation rate constant in diverse soil biological communities. Microbial
metabolic quotients increments because of disturbances brought on after pesticide application as a
result of microorganisms use of a huge portion of their energy budget for maintenance rather than
cell synthesis (Anderson and Domsch, 1990). Organic matter amended soils, generally, showed
minimal qCO. values than the un-amended soils, showing a higher usage of the substrate for

growth of the cell than cell maintenance (Perucci et al., 2000).

The chemical characteristics of the pesticide applied and also the diversity of the indigenous
microorganisms are likely to determine the potential stress (Jones and Ananyeva, 2001). The
extent of the reaction to pesticide affected stress or upsetting influence should be contrasted with

that of normally happening stressors, for example, dampness (Domsch, 1984). The respiration per
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unit of biomass is a more delicate marker of toxic impacts than the respiration rate or the measure

of biomass alone (Beelen and Doelman, 1997).

The proportion of basal soil repiration to substrate-induced respiration (QR) has beenutilized to
evaluate the impacts of different perturbations in soil ecosystems (Anderson and Domsch, 1985;
Insam and Domsch, 1988). Basal soil respiration is by and large ascribed generally to the
metabolically dormant population and that of substrate-induced respiration to the metabolically
activated population (Ohya et al., 1988). Pencycuron application at field rate had no inconvenient

impact on the eco-physiological parameters however not at higher rates (Buddy et al., 2005).

2.5.3 Transformation rate of pesticide with Soil Microbiological Processes

Microbial processes had the most impact on the degradation of pesticides in soil (Alexander,
1994). Investigation of relationship between ecosystem properties, the size and makeup of
microbial biomass and pesticide degradation limit might be helpful for evaluation of environment
and landscape dynamics of pesticides. No connections were found between microbial biomass and
degradtion of 2, 4-D and atrazine (Passage et al., 1994; Ghani et al., 1996). It was opined that this
relationship may be helpful for creating approaches for assessing and foreseeing the fate of

pesticides in different ecosystems (Voos and Groffman, 1997).

In microbial biomass C content gave parabolic curves (p<0.05 in all cases)inThe relationship
between pesticide degradation and microbial biomass C content gave parabolic curves (p<0.05 in
all cases) under all conditions tested for rimsulfuron, imazamox and benfluralin (Vischetti et al.,
2002;Perucci et al., 1999; Vischetti et al., 2000). They proposed that quadratic equations may be
useful in order to deduce the trend of soil microbial biomass in relation to pesticide concentration.

From these equations it was possible to observe that the trend of the parabolic curves were similar
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and independent of initial concentrations. These relationships helped in modeling behaviour of soil

microbial biomass after pesticide treatment.

2.6 Microbial degradation and bioremediation

Microbial degradation is the procedure of breakdown of by and large intricate, organic pollutants
(contaminants) to smaller, simpler products by the activities of microorganisms (Sharma, 2010).
These natural substances serve as the microbial nourishment source or substrate. Degradation
includes a sequence of biological degradation steps (pathways) that will finally result into the
oxidation of the parent compound and frequently into generation of energy. Complete
biodegradation or mineralisation includes oxidation of parent compound to form carbon dioxide
and water, a procedure giving both carbon and energy for growth and propagation of microbial

cells (Sharma, 2010).

Microbial degradation is the process of breakdown of generally complex, organic pollutants
(contaminants) to smaller, simpler products by the activities of microorganisms (Sharma, 2010).
These organic substances serve as the microbial food source or substrate. Degradation involves a
series of biological degradation steps (pathways) that finally result into the oxidation of the parent
compound and often into energy generation. Complete biodegradation or mineralisation involves
oxidation of parent compound to form carbon dioxide and water, a process providing both carbon

and energy for growth and reproduction of microbial cells (Sharma, 2010).

Bioremediation is ‘the use of living organisms (primarily microorganisms) for removal of a
pollutant from the biosphere’ (Sharma, 2010). Bioremediation has been defined as “the act of
adding materials to contaminated environments to cause an acceleration of the natural

biodegradation processes” (Office of Technology Assessment, 1991). This technology is based on
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the premise that a large percentage of the pollutants are readily biodegradable in nature (Atlas,
1984, Prince, 1993). It relies on biological processes to minimize an unwanted environmental
impact of the pollutants. The microorganisms, in particular have the abilities to degrade, detoxify

and even accumulate the harmful organic as well as inorganic compounds (Sharma, 2010).

Bioremediation has emerged as one of the most promising treatment options for pesticide
contamination. During bioremediation, microbes utilize chemical contaminants in the soil as
carbon and energy source and, through oxidation-reduction reactions, metabolize the target
contaminant into useable energy for microbes. By-products (metabolites) released back into the
environment are typically in a less toxic form than the parent contaminants. For example, atrazine
and paraquat can be degraded by microorganisms in the presence of oxygen through aerobic
respiration. The hydrocarbon loses electrons and is oxidized while oxygen gains electrons and is
reduced. The result is formation of carbon dioxide and water (Nester et al., 2001). When oxygen is
limited in supply or absent, as in saturated or anaerobic soils or lake sediment, anaerobic
respiration prevails. Generally, inorganic compounds such as nitrate, sulfate, ferric iron,
manganese, or carbon dioxide serve as terminal electron acceptors to facilitate biodegradation

(State of Mississippi, Department of Environmental Quality, 1998).

Bioremediation strategies are based on the application of various methodologies to increase the
rate or extent of the biodegradation process. The success of oil spill bioremediation depends on the
ability to optimize various physical, chemical, and biological conditions in the contaminated
environment. The success of pesticide bioremediation depends on our ability to establish and
maintain conditions that favour enhanced pesticide biodegradation rates in the contaminated

environment.
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Pesticide bioremediation in soil can be promoted by stimulation of the indigenous
microorganisms, by introducing nutrients and oxygen into the soil (biostimulation) (Seklemova et
al., 2001) or through inoculation of an enriched microbial consortium into soil (bioaugmentation)

(Richard and Vogel, 1999; Barathi and Vasudevan, 2001).

2.6.1 Bioaugmentation

Bioaugmentation involves the introduction of exogenic microorganisms (sourced from outside the
soil environment) capable of detoxifying a particular contaminant, sometimes employing
genetically altered microorganisms (Biobasics, 2006). Although pesticide-degrading
microorganisms are widespread in nature, bioaugmentation is been deliberated as a prospective
strategy for pesticide-bioremediation since. The rationale for adding pesticide-degrading
microorganisms is that indigenous microbial populations may not be capable of degrading the
wide range of pesticides present in a particular soil (Leahy and Colwell, 1990). Other conditions
under which bioaugmentation may be considered are when the population of indigenous degrading
microbes is low, the speed of decontamination is the primary factor, and when seeding may reduce

the lag period to start the bioremediation process (Forsyth et al., 1995).

2.6.2 Biostimulation

Biostimulation also uses indigenous microbial populations to remediate contaminated soils.
Biostimulation includes the growth of rate-constraining nutrients to quicken the biodegradation
process. In many ecosystems that have been heavily contaminated with pesticide, nutrients
deficiency is main the restricting variables in biodegradation. Biostimulation comprises of adding
nutrients and different substances to soil to catalyze common weakening procedures. Most
laboratoryexperiements have demonstrated that amending the soil with deficient nutrients has

improved the rate of biodegradation. Application of nutrients sorts and focuses change broadly
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relying upon the pesticide properties and the ecological conditions. Biostimulation is a more
powerful approach in light of the fact that the option of corrupting microorganisms won't upgrade

degradation more than straightforward supplement option (Lee et al, 1997; Venosa et al., 1996).

2.7  Advantages and Disadvantages of Bioremediation

Bioremediation has numerous advantages over the traditional methods of decontamination used. It
is comparatively economical. Bioremediation is additionally a more environmentally friendly as it
includes the subsequent degradation of pesticide to mineral products, such as carbon dioxide and
water, while physical and chemical techniques typically remove the contaminant from one
ecological environment into the other. Since it depends on natural process, it is less disturbing to

the polluted site.

Bioremediation also has its disadvantages. It involves a various heterogeneous and complex
procedures. The success of bioremediation relies on having the appropriate microorganisms under
suitable natural conditions. Its operational use can be constrained by the structure of the pesticide.
Bioremediation is additionally a normally a slow process, taking weeks to months to produce
results, which may not be plausible when quick cleanup is required. Concerns likewise emerge
about potential antagonistic impacts connected with the use of bioremediation agents. These
incorporate the toxicity of bioremediation microbes themselves and metabolites with their

attendant eutrophic impacts (Swannell et al., 1996).

2.8 Biochar

2.8.1 Origin and production
Biochar is a fine-grained geosorbent, prepared from the pyrolysis of organic materials different

from charcoals in its use as a soil amendment. Biochar was at first connected to the survey and
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archeological investigation of early human settlement and soils. These early investigations of soils
which involved the planned blending of smoldered biomass in soils around human settlements
started later enthusiasm for biochar (Lehmann et al., 2003). The Pre — Columbian Amazonians are
believed to have utilized biochar to upgrade soil profitability. It is created by burning anaerobically
different sorts of biomass, for example, agricultural crop residues, forestry residues, wood waste,
organic portion of municipal solid waste (MSW) and animal manures (Solomon et al., 2007) in pits

or trenches (Lehmann, 2007).

Biochar is created through an energy transformation process called pyrolysis, which is burning
without oxygen to avoid complete burning of the natural biomass as happens in open flames (Sohi
et al., 2009). Pyrolysis of biomass produces char, oils and gasses. Amid pyrolysis, the polymeric
building blocks of biomass, in particular cellulose, hemicelluloses and lignin experience different
procedures, for example, cross-connecting, depolymerisation and fracture at different
temperatures. The yields of pyrolysis items rely on the type and nature of the feedstock, especially
the lignin and procedure conditions, for example, temperature, weight, vapor evacuation
arrangement time, warming rates and molecule size (McLaughlin, 2010). The quality and
attributes of biochar, for example, thickness, molecule size dissemination, cinder content,
dampness substance and pH rely on upon the sort, nature and starting point of the feedstock,

together with pyrolysis response conditions (Zhang et al., 2008).

Pyrolysis is generally in three fundamental types; slow, moderate, and quick (Sohi et al., 2009;
Chestnut, 2009; McLaughlin, 2010). As can be seen from Table 2.1, moderate pyrolysis and
transitional pyrolysis both result in higher biochar yields, while quick pyrolysis gives higher fluid
(bio-oil) yields. Biochar is rich in a recalcitrant type of carbon which is not oxidized by soil

microorganisms. Biochar has been credited with numerous advantages, including the capacity to
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improve the productivity of soils by improving nutrient and water holding capacities of soils

(Block, 2010).

Notwithstanding a wide range of materials having been proposed as biomass feedstock for
biochar, the suitability of every feedstock for such an application is subject to various physical,
natural, and in addition monetary and logistical components (Verheijen et al., 2010, Kloss et al.,

2012).

Recent research recommends that the kind of feedstock utilized for pyrolysis is more essential
where biochar is to be used as a soil conditioner. Feedstock utilized on commercially include wood
chip and wood pellets, tree covering, crop biomass including straw, nutshells, cocoa waste

distiller’s grain, bagasse from the sugarcane and bovine manure.

The natural proportions of carbon, oxygen and hydrogen are key feedstock parameters in
commercial use and the nature of fuel items (Friedl et al., 2005). The extents of hemicellulose,
cellulose and lignin content decide the proportions of unpredictable carbon (in bio-oil and gas) and
balanced out carbon (biochar) in pyrolysis items. Feedstock with high lignin content create the
most astounding biochar yields when pyrolysed at moderate temperatures of about 500 °C

(Fushimi et al., 2003; Demirbas, 2006).
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Table 2.1 The mean post-pyrolysis feedstock residues resulting from different

temperatures and residence times.

Process Conditions Liquid Solid Gas
(bio-oil) (biochar) (syngas)
Fast pyrolysis Moderate temperature 75% 12% 13%

(~500 °C), short hot

vapour residence time

(<2s)
Intermediate Moderate temp~500 C, 50% 20% 30%
pyrolysis moderate hot residence

time of 10 — 20 seconds.
Slow pyrolysis, Low temp~ 400C, very 30 % 35 % 35 %
very long solids long solids residence time.
(Carbonization)
Gasification High temp~ 400C, long 5% 10 % 85 %

vapour residence time.

Source: (Verheijen, 2010).

2.8.2 Stability of biochar in the soil

Biochar has long been used to date archaeological deposits by quantifying its carbon-14 decay
(Arnold and Libby, 1951). Biochar persists in the environment longer than any other form of
organic carbon. Finely divided biochar has remained in soils in humid tropical climates, such as
the Amazon, for thousands of years (Sombroek et al., 2003), resisting the rapid rates of
mineralization common to organic matter in these environments and producing a distinct black

colour.

2.8.3 Structural composition of biochar
Thermal breakdown of cellulose in organic biomass utilized as a part of the generation of biochar

between 250°C and 350 °C results in huge mass loss of volatile compounds, leaving recalcitrant
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amorphous C network. As pyrolysis temperature rises, so does the extent of aromatic carbon in the
biochar, because of the relative increase in the loss of volatile matter. Water is lost first, followed
by hydrocarbons, tarry vapors, Hz, CO and COz. Thereafter, is the transformation of alkyl and
O-alkyl C to aryl C (Baldock and Smernik, 2002; Demirbas, 2004). At about 330 °C, poly-fragrant
graphene sheets start to grow laterally, at the expense of the amorphous C phase, which eventually
coalesce. Above 600 °C, non-C molecules are evacuated resulting in the relative increase in the C
contents, a process known as carbonization. Carbonisation can be up to 90% by weight in biochars

from woody feedstocks (Antal and Gronli, 2003; Demirbas, 2004).

2.8.4 Chemical composition and surface chemistry of biochar

Composition of biochar is highly heterogeneous, containing both labile and steady parts (Sohi et
al., 2009). Carbon, volatile matter, mineral matter (ash) and moisture are for the most part viewed
as the real constituents of biochar (Antal and Gronli, 2003). The relative proportion of biochar
constituents influences the chemical and physical behavior of the material (Chestnut, 2009) and
hence its suitability for a particular site application, and additionally fate and mobility in the

enviroment (Downie, 2009 check is it Downie et al. 2009).

Higher moisture content increases costs of production and transportation for unit of biochar
formed (Antal and Gronli, 2003). Keeping the moisture content up to 10% (by weight) is necessary
(Collison et al., 2009). Pre-drying of biomass feedstock is therefore an important assignment in
biochar production. Carbon content in biochar has been found to run between 172 to 905 g/kg,
albeit organic carbon regularly represents under 500 g/kg, as reported by Chan and Xu (2009) for

an assortment of source materials.
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Total N differs somewhere around 1.8 and 56.4 g/kg depending on the feedstock (Chan and Xu,
2009). In spite of the apparently high total N content of biochar it may not automatically be
available to crops, since N is for the most part present in an unavailable form with mineral N
substance less than 2 mg/kg (Chan and Xu, 2009). The C: N proportion in biochar has been found
to differ generally between 7 and 500 (Chan and Xu, 2009). Total P and total K in biochar

extensively vary between 2.7 to 480 and 1.0 to 58.0 g kg-1, respectively (Chan and Xu, 2009).

The heterogeneous chemical composition of biochars is controls its surface chemistry, which in
turn determines the interaction of the material with the organic and inorganic components of soil.
Re-arrangement of the bonds in the biomass results in the development of various useful
functional groups including hydroxyl, amino-NH:, ketone - OR, ester - (C=0)OR, nitro - NOz,
aldehyde - (C =O)H, carboxylic - (C=00H) on the external surface of the graphene sheets ( Harris,
1997; Harris and Tsang, 1997) and surfaces of pores (van Zwieten et al., 2009). Some of these
functional groups act as electron donors, while others as electron acceptors. These culminate in
acidic, hydrophilic to hydrophobic properties of the material (Amonette and Joseph, 2009). The
composition, distribution, relative proportion and reactivity of functional groups within biochar
are subject to diverse elements, including the source material and the pyrolysis procedure utilized

(Antal and Gronli, 2003).

As the pyrolysis temperature rises, so does the extent of sweet-smelling carbon in the biochar, with
N contents peaking around 300 °C (Baldock and Smernik, 2002). Conversely, low pyrolysis
temperatures (under 500 °C) favour the availability K, CI (Yu et al., 2005), Si, Mg, P and S
(Schnitzer et al., 2007). Temperatures below 500 °C promote the retention of nutrients in biochar

(Chan and Xu, 2009). Biochar prepared from rice straw and husk of the same plant had higher C
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and N in the starw with higher exchangeable bases such as Ca, K and Mg in the husk (Agusalim,

2010).

2.8.5 Cation Exchange Capacity and pH of biochar

The CEC of soils changes following incorporation of the biochar (Lehmann, 2007; Agusalim et al.,
2010). This is as a result of leaching of hydrophobic compounds from the biochar (Briggs et al.,
2005) or by increasing carboxylation of C through abiotic oxidation (Cheng et al. 2006; Liang et

al., 2006). Ageing of biochar also increases its CEC (Glaser et al., 2001).

Considering the very large heterogeneity of biochar properties, biochar pH values are relatively
homogeneous, that is they are largely neutral to basic. Chan and Xu (2009) reviewed biochar pH
values from a wide variety of feedstocks and found a mean of pH 8.1 in a total range of pH 6.2 —
9.6. The lower end of this range seems to be from green waste and tree bark feedstocks, with the
higher end from poultry litter feedstocks. When biochar is applied to soils, it helps to retain
nutrients and makes them more available to plants mainly by adsorption to minerals and organic

matter.

Biochar has an even greater ability than other soil organic matter to adsorb cations per unit carbon
(Sombroek et al., 2003), due to its greater surface area, greater negative surface charge, and greater
charge density (Liang et al., 2006). In contrast to other organic matter in soil, biochar also appears

to be able to strongly adsorb phosphate, even though it is an anion.

2.8.6  Modes of biochar application

The mode of biochar application in soils can substantially affect soil processes and
functioning, including the fate and behaviour of biochar particles in soil (Verheijen et al.,

2010). Three primary methods of application are:
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(a) Topsoil application
(b) Depth application
(c) Top-dressing

Biochar can be incorporated as a sole amendment or in combination with composts or manures. In
conventional tillage systems, the biochar and compost or manure is generally mixed

homogeneously throughout the topsoil at depths between 0-15/30 cm.

Depth application of biochar has been described mostly as ‘deep-banded’ application (Blackwell
et al., 2007). The placement of the biochar directly into the rhizosphere is thought to be more
beneficial for crop growth and less susceptible to erosion. The application can be either by
pneumatic systems, which can operate at high rates, or by applying the biochar in furrows or

trenches and subsequently levelling the soil surface.

The spreading of mostly the dust fraction of biochar to the soil surface and relying on natural
processes for the incorporation of the biochar into the topsoil is top dressing. This form of
application is considered mainly for situations where mechanical incorporation is not possible and

in no-till systems, forests. It is also done in forests and pastures.

2.9  Agronomic benefits of Biochar

The ideal application rate for biochar depends on the particular soil type and crop management. It
has been demonstrated that biochar has various uses. At the point when added to soil it can
essentially enhance soil fertility and is also as a sink for carbon (Lehmann, 2007). Carbon along

these lines is removed from the atmosphere in via sequestration (Zwietenoe, 2006; Davies, 2007).
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Biochar can function as a soil conditioner by enhancing the physical and biological properties of
soils, for example, water holding capacity and soil nutrients retention culminating in better crop
growth (Sohi et al, 2009; De Gryze, 2010). Biochar raises: (i) raise soil pH, (ii) reduce aluminum
toxicity, (iii) decrease soil elasticity, (iv) enhance soil conditions for earthworm population, and
(v) enhance fertilizer use efficiency (McLaughlin, 2010; Schmidt and Noack, 2000; Cunha et al.,

2009).

The combined addition of biochar and inorganic fertilizer can possibly increase crop yield, in this
manner and reducing the amount of inorganic fertilizer use and importation (De Gryze, 2010;
Quayle, 2010). Biochar application to hard setting soils in Australia, for example, decreased
tensile strength and further enhanced plant growth (Amonette and Joseph, 2009; Gaskin et al.
2008). Additionally, the application rate of 5 tons/ha of biochar reduced fertilizer needs by 7%
(Steiner et al., 2008). Sohi et al.,( 2009) reported that crops grew three times faster in biochar
amneded soils than in un-amended soils. Comparative similar results have been exhibited in

Benin, Liberia, and South Africa (Sohi et al., 2009; Cunha et al., 2009).

In a study on the impacts of charcoal production on physical and hydrological properties of soil in
Ghana, the saturated hydraulic conductivity of soils under charcoal furnaces increased
considerably and there was significant rise in soil pH, electrical conductivity and exchangeable Ca,
Mg, K, Naand P in the soil at a charcoal production site contrasted with neighboring soils under no
charcoal production (Oguntunde et al., 2004, and Oguntunde et al., 2008). When mixed with
organic matter, biochar enhanced the retention (De Gryze et al., 2010; Oguntunde et al., 2008;

Major et al., 2009).
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2.10 Environmental benefits of biochar

2.10.1 Carbon sequestration

Carbon sequestration is the removal and storage of carbon to keep it from being discharged to the
atmosphere. A lot of carbon in biochar might have been sequestered in the soil for long periods
evaluated to be hundreds to thousands of years (Lehmann et al., 2006; Bracmort, 2010; Ogawa et
al., 2006, Woolf, 2008). While biochar in the long run mineralizes in soils, a small amount of it
stays in an extremely stable structure with a carbon-14 age higher than that of the most seasoned
soil organic matter (SOM) portions (Schmidt and Noack, 2000). This property of biochar gives it

the possibility to be an important carbon sink.

Compared with other terrestrial sequestration procedures, for example, afforestation or
re-forestation, carbon sequestration in biochar expands its storage time (Sohi et al., 2009; Ogawa
et al., 2006). Decreases in N2O and CH4 emissions as a consequence of biochar application are

added advantages of biochar (Steiner, 2010; Duku et al., 2011).

2.10.2 Effect of biochar on pesticide application

Enviromental fate and functioning of pesticides may be influenced by the additions of biochar.
Wheat char has been found to be very effective as a sorbent for pesticides, and its presence (1% by
weight) in soil contributed 70% to pesticide sorption (Sheng et al., 2005). Biochar application,

offers a vital approach for reducing leaching of pesticides.

Herbicide persistence in soil may be influenced by herbicide sored by biochar (Spokas et al.,
2009; Yu et al., 2009). Despite greater persistence of the pesticide residues in biochar amended
soils, the plant uptake of pesticides decrease markedly with increasing biochar content of the soil

(Yu et al., 2009). Studies have shown that 1% by weight biochar additions to soil and potting
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medium induced a systemic resistance against two foliar fungal pathogens (B. cinerea and L.
taurica) in both pepper and tomato plants, and to a pest (P. latus) in pepper plants (Elad et al.,

2010).

2.10.3 Biochar and soil nutrient dynamics

Current global interest in biochar has been built largely on research conducted using highly
weathered and infertile soils (Steiner et al., 2007; Kimetu et al., 2008; Asai et al., 2009; Major et
al., 2010). Challenges in these highly weathered systems include prevention of nutrient loss via

leaching and retention of nutrients in the root zone.

Schnell et al. (2012) found that topdressing up to 3 Mg/ha of sorghum-derived biochar on an
Alfisol caused significant surface runoff P losses compared with the control soils and

incorporating the biochar into soil reduced runoff P losses by 78%.

Brewer et al. (2012) amended a sandy mollisol with biochar made under various pyrolysis
conditions and observed an increase in soil extractable P, K, Mn, and Fe compared with
un-amended soil but little change in soil NOs—N concentrations with biochar amendment
compared with control soil. In calcareous system, there was no observed change in soil pH, cation,

or P availability (Lentz and Ippolito, 2012).

Switch grass biochar pyrolysed at two different temperatures (250 °C and 500°C) was added to two
Aridisols and there was a two- to threefold decrease in leachate P concentrations with the lower
versus higher temperature biochar (Ippolito et al., 2012 and Hass et al., 2012). This observation
was probably due to retention of orthophosphate by surface functional groups, Fe and Al

hydroxide sorption, and Ca and Mg phosphate precipitation (Novak et al., 2009).

Biochars produced at low pyrolysis temperatures showed less Ca, Mg, and NO3z—N leaching than
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biochars produced at higher temperature. This was because biochars produced at 250°C contained
substantial amounts of bioavailable C similar to the hydrochar produced by Gaji¢ and Koch (2012)

and these could reduce immobilisation.

Calcareous soils amended with biochar produced from bagasse at 400 to 800°C, NO3—N was
weakly sorbed to biochar but sorption increased with higher temperatures due to the formation of
base functional groups (Kameyama et al., 2012) . Increased retention of nutrients and water in
biochar micropores decreased NOz- leaching and provided a greater opportunity for crops to

utilize available NOs—N.

2.10.4 Some negative impact of biochar

Most cases of decreased plant growth due to biochar application has been attributed to temporary
high levels of pH, volatile or mobile matter (MM), and or nutrient imbalances associated with
fresh biochar (McClellan et al., 2007). Biochar often can have an initially high (alkaline) pH,
which is desirable when used with acidic, degraded soils. However, if soil pH becomes too
alkaline, plants may suffer nutrient deficiencies. “Mobile matter” refers to tars, resins, and other
short-lived substances that remain on the biochar surface immediately after production and can

inhibit plant growth (McClellan et al., 2007; McLaughlin et al., 2009)
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CHAPTER THREE

3.0 MATERIALS AND METHODS

3.1  Soils, sampling and soil preparation

The study was conducted at a Screen House located behind the Ecological Laboratory, University
of Ghana using two major coastal savannah soil series, locally classified as Adenta series
(Brammer, 1960) and Akuse series (Brammer, 1967). The Adenta series has been classified as a
Ferric Acrisol (Dowuona et al., 2011) with the Akuse series as a Typic Calciustert (Ason et al,
2014). The Adenta series is kaolinitic and acidic whereas the Akuse series is smectitic alkaline to
neutral in soil reaction. The plough layer (0-20cm) of Adenta series was sampled from the
University of Ghana Experimental Farms, Legon at a site located on latitude 05°39°03” N and
longitude 00°11°13”W. Samples from the Akuse series were collected from a pristine site between
Akuse and Akuse Junction in the Eastern Region of Ghana at latitude 6° 09 N, longitude 00° 04’ E
and at an altitude of 22 m above mean sea level. Undisturbed clod samples were collected for bulk

density determination.

All foreign materials were removed from the soils (e.g. dry leaves, roots and twigs) and the soils
were air dried. The soils sampled were then passed through a 2 mm sieve to obtain the fine earth
fraction. After sample preparation, the soils were sent to the laboratory for routine physical and

chemical analyses.

3.2 Physico-Chemical analyses

3.2.1 Bulk density

Bulk density was determined by the clod method for the Akuse series. Clods from the soil samples
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were selected and oven-dried overnight at 105 °C and upon removal, cooled in a dessicator and the
oven dried weight determined on a weighing balance. A 100 mL measuring cylinder was filled
with very fine river sand to the 30 mL mark amidst gentle tapping and shaking. The clod whose
bulk density was to be determined was carefully placed on the river sand in the measuring cylinder.
A known volume (b mL) of the river sand in a second measuring cylinder was carefully poured
onto the clod in the first cylinder amidst gentle tapping and shaking until the clod was completely

covered with the river sand.
The final volume i.e. 30mL + b mL + volume of clod was noted.
The 30 mL + b mL volume was subtracted from the final volume to give the volume of the clod.

The bulk density was then determined using the equation below:

oven dry mass of clod

BD(Mg/m®) = ———[1]

volume of clod
Where, BD is the bulk density
The bulk density for the Adenta series was determined as follows;

The bulk density was determined using the core method by Blake (1965). Soil samples were taken
at each site using cylindrical metal core samplers (5 cm diameter x 5 cm height) after clearing the
vegetation. A second core sampler of similar size was placed on the first and hammered into the
soil far enough to fill the volume of the first core. The filled core sampler was carefully removed
and both ends trimmed. The core samples were carefully transferred into moisture can with known
mass (W1) and dried at 105° C for two days (48 hours). The weight of dried soil plus moisture can
was determined and recorded as W». The bulk density of soil was determined as the ratio of mass of

dried soil to the volume of soil. It is assumed that the volume of the soil sample is equal to the
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internal volume of the core sampler.

Thus the bulk density of the soil is calculated as:

Bulk Density(Mgm™3) = ——— — —[2]

3.2.2 Particle Size Analysis

The Bouyoucos Hydrometer method modified by Day (1965) was used to determine the particle
size analysis of the soil. For each of the two soils, 40 g of the fine earth fractions were weighed into
a beaker followed by the addition of 60 ml of 6% H20- in order to destroy the organic matter.
Hundred (100) mL of 5% Calgon (sodium hexametaphosphate) solution was added. The
suspension was shaken on a mechanical shaker for 2 hours. The suspension was transferred into a
graduated sedimentation cylinder and was brought to the 1000 mL mark with distilled water. A
plunger was inserted into the cylinder and moved up and down several times to mix the suspension
thoroughly. A hydrometer was gently lowered into the content and the density of the suspension
for silt and clay noted 5 minutes after the plunger was removed. A second hydrometer reading was
taken after 5 hours to represent that of clay. The suspension was poured from the sedimentation
cylinder into a 47-micron sieve and effluent discarded. Tap water was run through the sediment in
the sieve to wash off the fine material. The sand particles left in the sieve were transferred into a
moisture can, oven dried for 24 hours and the dry weight determined. The temperatures of the
suspensions, Ty and T> were respectively recorded during the 5 minute and 5 hour hydrometer
readings. Blank hydrometer readings of sodium hexametaphosphate solution at 5 minutes and 5
hours were taken. The percentage of Sand, Silt and Clay were calculated based on the oven dry

weight of the soil sample taken as follows

Clay (%) +Silt (%) =Hydrometer reading at 5mins sample weight (g) x100---------- [3]
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Clay (%) =Hydrometer reading at 5 hours sample weight (g) x100-------------- [4]
SHE (%) = [B] = [4] - [5]
SN (%0) = 100 — [B] - enenineeei e e [6]

Temperature effects on density of the soil particles was accounted for using the relation provided
by Day (1965). For every 1°C increase in temperature, above 19.5 °C, there is an increase of 0.3 in

the density of the particles in suspension.

Correction for temperature = blank hydrometer reading — increase in weight of particles

3.2.3 Soil moisture determination

A 500 g soil sample was saturated with water and placed in a filter paper-lined-perforated plastic
container of 15 cm diameter and 20 cm height. The top was covered with a plastic and allowed to
drain for 3 days. Sub samples were then taken and oven dried at 105 °C for 24 hours. The
gravimetric water content was determined as the difference in mass between moist soil and
oven-dried soil per oven-dried soil. This was considered to be the moisture content of the soil at

field capacity. The soil moisture content at 80% field capacity was then estimated.

3.2.4 Soil pH Determination

The pH of the soil in distilled water at soil to water ratio of 1:1was determined using an
electrometric method (Bates, 1954). Twenty (20) grams of soil was weighed in duplicates into 50
mL beakers. Twenty (20) millilitres of distilled water was added and the soil-liquid suspension
was stirred for 30 minutes. The suspension was allowed to stand for an hour for equilibration. The
pH metre was standardised using buffer solutions of pH 4.0, 7.0 and 9.0. The electrode was
inserted into the suspension to measure the pH of the samples. The pH of the soils was also

determined in 0.01 M CaCl: as described in that of water except that in the salt, a soil to solution
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ratio of 1:2 was used.

3.2.5 Determination of Soil Organic Carbon

The wet combustion method of Walkley and Black (1934) was used in determing the organic
matter. Air dried and sieved soil (0.5 mm sieve) of 0.5 g was weighed into a conical flask. Dilute
HCI was then added to the Akuse series to destroy the carbonates. Ten (10) ml of 0.167 M
potassium dichromate (K2Cr207) and 20 mL of concentrated sulphuric acid (H2SO4) were added.
To ensure that all the soil particles were in contact with the solution the flask was swirled around
and digested. The content of the flask was allowed to settle for 30 minutes. The unreduced
potassium dichromate (K.Cr.07) remaining in solution after the oxidation of the oxidizable
organic material in the soil sample was titrated with 0.2 M ferrous ammonium sulphate after
adding 10 mL orthophosphoric acid and 2 ml of barium diphenylamine sulphonate (an indicator)
until colour change from a dirty brown colour to a bright green end point. A standardization
titration of the K>Cr.O7 with the ferrous ammonium sulphate was done and the amount of organic
carbon calculated by subtracting the number of moles of unreduced K,Cr,07 from the number of

moles of K>Cr.Oy7 present in the standardized titration.

3.2.6 Total Nitrogen

The Kjeldahl digestion procedure as outlined by Anderson and Ingram (1993) was used in the
determination of total nitrogen. Soil of 2 g was weighed into a 300 mL Kjedahl flask and selenium
catalyst was added. Concentrated sulphuric acid of 5 mL was then added. The mixture was
digested until the digest became clear. The flask was then cooled and the content transferred into a
100 mL volumetric flask. The content was made to the 100 mL mark with distilled water. Into a
Markham distillation apparatus, a 5 mL aliquot of the digest and 10 mL of 40% NaOH were added

and the mixture distilled. The liberated ammonia was collected in boric acid (HsBOz3) to which
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three drops of a mixed indicator containing methylene blue and methyl red had been added. The
ammonium borate formed was then back titrated with 0.01M HCI from green to reddish end point.

The percent N was calculated as follows:

0.01xtitre volumex0.014xXvolume of extract

N =———————————————————— s [7]

Soil Sample(g)xvolumeof aliquot(mlL)

Where
0.01 = Molarity of HCI

0.014 mg =molar mass of Nitrogen

3.2.7 Available Phosphorus Determination

Available P of the Akuse series was determined using the method of Olsen (1965) for the
extraction of phosphate. Ten grams of the fine earth fraction was weighed into extraction bottles. A
100 mL sodium bicarbonate (pH 8.5) was added to the samples in the extraction bottles; it was then
capped and shaken for 30 min on a mechanical shaker. The extracts were filtered using Whatman’s
No. 42 filter paper to obtain clear solution. A 10 mL aliquot was taken into a test tube and then in
drop-wise, 1 mL of 1.5 M H>SO4 was added to decolourise the solution by settling the organic
matter in it. It was then left in a refrigerator to cool for few minutes. The extracts in the test tubes
were centrifuged, and gently decanted for colour development and phosphorus analysis. The
concentration of P in the extracts was then determined using the Murphy and Riley method (1962).
An aliquot of 1mL of the sample solution was pipetted into a 50 mL volumetric flask and a drop
each of P-nitrophenol and ammonium hydroxide were added. Then, 8 mL of a solution containing
concentrated sulphuric acid, ammonium molybdate, potassium antimony tartrate, and ascorbic
acid were added. The content was topped up to the 50 mL mark with distilled water. The

concentration of phosphate was then determined on a Philips’ UV spectrophotometer at a
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wavelength of 712 nm. Available phosphorus content of the soil was calculated as;

p (spectrometer reading — blank reading) X volume of extract 8
B Volume of aliquot X sample weight 18]

Available P of the Adenta series was determined using Bray 1 method (Bray and Kurtz, 1945). Five
(5) grams of soil was weighed into a centrifuge tube in duplicates. Fifty (50) millilitres of Bray
solution (0.03 M NH4F +0.025 M HCI) was added (Bray and Kurtz, 1945). The tubes were shaken
end-over-end on a mechanical shaker for 5 min and were then centrifuged at 2500 rpm for 5 min.
The suspensions were each filtered through a No. 42 Whatman filter paper into a 50 mL Erlemeyer
flask. Phosphorus in the filtrate was determined using the Murphy Riley method (1962) as

described above.

The concentration of phosphorus was then determined with a Philips’ UV spectrophotometer at a
wavelength of 712 nm. Available phosphorus content of the soil was calculated with equation 8

above.

3.2.8 Cation Exchange Capacity (CEC)

Soil of 10 g was weighed into an extraction bottle and 100 mL of 1M NHsAc solution was added
and shaken on a mechanical shaker for 30 minutes. Using a No. 42 Whatman filter paper, the
suspension was filtered and the samples leached four times with 25 mL of alcohol (ethanol) to

wash off excess ammonium. The residue was again leached four times with 25 mL acidified

KCI. Ten millilitres of the decanted leachate (filtrate) was pipetted into a Kjeldahl flask and 10 mL
of 40% NaOH and 100 mL of distilled water were added. The solution was distilled and the
distillate collected in boric acid to which three drops of methyl red and methylene blue mixture had

been added. The distillate was back-titrated against 0.01M HCI until the end point. The titre value
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was used to determine the CEC of the soil.

volume of extract X molarityHCl X titre value X 10
CEC(cmol/kg) =

——[9
volume of aliquot * sample weight 191

3.3  Preparation of Biochar

The feedstocks used for biochar production in this study focused on two agricultural residue, cocoa
husk (pod) and rice husk. The cocoa husks were collected from a farmer’s field at Tafo and the rice
husk from the University of Ghana Soil and Irrigation Research Centre (SIREC), Kpong. The
collected samples were air dried oven-dried overnight at 80°C and subsequently cut into small

pieces.

A Kkiln at the Soil Research Institute of the Council for Scientific and Industrial Research,
Kwadaso, Kumasi was used for biochar production at a temperature of 350°C. After pyrolysis,
biochar in the kiln was allowed to cool overnight to room temperature, washed to remove the ash,

dried, crushed, sieved through <2 mm sieve and sealed in sack for use.

3.4 Characterization of Cocoa husk and rice husk biochar

3.4.1 Determination of biochar bulk density

An amount of the air-dried biochar sample was carefully packed amidst intermittent tapping on the
laboratory bench (to ensure good packing) into a measuring cylinder to a pre-determined volume
(\Vt). The quantity of sample packed was then transferred into a moisture can and put in an oven at
105 °C to dry for 24 hours after which its mass (Ms) was recorded. The dry bulk density (pb) of the

biochar was then calculated from the relation:
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3.4.2 pH of biochar

One gram of biochar (from each feedstock) rice husk and cocoa husk was weighed into a beaker
and 10 mL of distilled water added, to give biochar water ratio of (1:10). This ratio was used to
ensure enough volume of supernatant for immersion of electrode. The mixture was then stirred
several times for about 30 minutes and left to stand for about an hour to allow most of the
suspension to settle and also for the suspension temperature to equilibrate with the temperature in
the instrument room. The pH values were then determined using a glass electrode pH meter-
CG818, Schott Great. The electrode was then rinsed with distilled water and then immersed into
the partly settled suspension and the reading on the pH meter recorded. The determination of pH of

the samples was repeated using 1 M KCI solution according to the protocol outlined.

3.4.3 Organic carbon of biochar

Organic carbon was determined by the wet combustion method of Walkley and Black (1934).
Thirty millilitres of 0.167 M potassium dichromate (K2Cr207) solution and 20 mL of concentrated
sulphuric acid (H2SO4) were added to 0.1 g of each of a less than 0.5 mm cocoa and rice husk in
different conical flasks. To ensure full contact of the materials with the liquids, each flask was
swirled and after which the mixture was allowed to stand for 30 minutes to ensure complete

digestion.

After the oxidation of the oxidizable organic material in the biochar, the unreacted K>Cr2O7 in
solution was back titrated against 0.2 M ferrous ammonium sulphate solution after adding 10 ml of
orthophosphoric acid and 2 ml of barium diphenylamine sulphonate indicator from dirty brown
colour to bright green end point. A standardization titration of the K>Cr.O7 with the ferrous
ammonium sulphate was done. The concentration of oxidizable carbon in each of the samples was

calculated indirectly from the number of moles of unreduced dichromate consumed by the ferrous
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ammoinium sulphate.

3.4.4 Available phosphorus determination

Available phosphorus in the biochar samples was determined by the method of Olsen (1965). Into
an extraction bottle, one gram of each biochar sample was weighed and 50 mL of sodium
bicarbonate solution was added and shaken for 30 minutes on a mechanical shaker. The
biochar-extractant mixture was filtered through a Whatman No.42 filter paper. A 10 mL aliquot
was taken and 1 mL 1.5 M sulphuric acid (H2SO4) added and centrifuged at 3000 rpm for 15
minutes. The concentration of P in each sample was then determined after colour development
using the Murphy and Riley method as described in section 3.2.7. The intensity of the colour at a
wavelength of 712 nm was measured with the spectrophotometer and recorded. The P was

calculated using the formula in Section 3.2.7.

3.4.5 Determination of Total Phosphorus.

Total phosphorous was determined by digesting 0.2 g of biochar with 25 mL of a mixture of
concentrated HNO3z and 60% HCIOg in the ratio of 2:3. Distilled water was added to the digest,
filtered and made up to volume in a 100 mL volumetric flask with distilled water. The P colour in
the digest was then developed as described by Murphy and Riley method (1962) and the P
concentration read on a UV spectrophotometer at 712 nm wavelength. The P concentration in the

biochar was then calculated as in equation 8.

3.4.6 Determination of Total Nitrogen
Total nitrogen was determined by a modified Kjeldahl digestion method (Bremner, 1965). The
nitrogen in the sample was converted to ammonium by digestion with concentrated sulphuric acid

using selenium as catalyst and addition of K2SO4 to raise the boiling point of the mixture. The
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ammonium formed was determined by distilling the digest with a strong alkali (40% NaOH) and

titrating with a standard acid.

Air dried biochar of 0.2 g was weighed in triplicates into Kjeldahl digestion flasks. The
catalyst....... and K2SO4 were added. Concentrated H2SO4 of 5 mL was also added. The mixture
was digested for about 30 minutes and est after cooling, the mixture was transferred into a 100 mL
volumetric flask and made up to volume with deionized water. An aliquot of 5 mL was then
pipetted into a Markham distillation apparatus and 5mL of 40% NaOH added and rinsed with
deionized water to about 100 mL. A 5 mL boric acid solution to which few drops of mixed
indicator (0.13 g of methyl red + 0.666 of methylene blue dissolved in 100 mL of 95% ethanol) had
been added were put into a conical flask to trap the liberated ammonia. The distillate was then back
titrated with 0.01 M HCI solution. Similar procedure was adopted for a blank which had no biochar
sample to account for traces of N if any, in the reagents and water used. The concentration of N in
the biochar was estimated from the number of moles of HCI consumed in the reaction with

ammonium borate formed when the ammonia was trapped in boric acid.

3.4.7 Cation exchange capacity of the cocoa and rice husk biochar
Ten grams of each biochar were weighed into an extraction bottle and 100 mL of 1 M ammonium
acetate solution added. The CEC of the material was then determined using the method outlined

for soil CEC in section 3.2.8.

3.4.9 X-ray Diffraction
The two biochar types were ground into fine powder in a mortar ensuring that there was no cross
contamination in order to identify the minerals that may be present in the biochar. An Empyrean

X-ray diffractometer was used for the X-ray analysis. A Cu K-Alpha and Beta radiations were
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produced using 40mA and 45kV power source. The ground samples were mounted on a
divergence slit and diffraction patterns of the biochar samples were obtained by scanning the

samples at a starting position of 1° per minute between 3° to 60°.

The X-ray diffraction (XRD) patterns were acquired with a computer controlled Panalytical

Empyrean X-ray powder diffractometer to determine the type of minerals present.

35 Incubation Study

The study was conducted in a screen house located behind the Ecological Laboratory, University
of Ghana, Legon. Daytime temperatures in the screen house ranged from 32 to 35°C.The relative
humidity of the screen house was between 63and 84%. Exactly 8.0 kg of the Akuse series and 9.7
kg of the Adenta series were weighed into plastic buckets with perforated bottoms to a
predetermined height to attain the respective field bulk density values of the two soils. The packed
soils were left undisturbed for three weeks prior to the application of treatments to allow for

stabilization of microbial activity.

The soil moisture content was kept constant at 80% of the field water capacity. Biochar as a
factor was three i.e. control (zero biochar, cocoa husk biochar and rice husk biochar); two types
of pesticide viz., atrazine and paraquat were applied, at three levels (zero pesticide application,
normal application rate and ten times the normal application rate of each of the pesticide). The
normal application rate used for atrazine was 3.5 kg active ingredient/ha whilst that for paraquat
was 36.0 g. active ingredient/ha. Each treatment was replicated three times. Thus with two soils,
three biochar types two pesticides, three pesticide rates and three replicates there was a 2 X
3x2x3x3 factorial experiment with the pots being arranged in a randomized complete design.

There were thus a total of 108 pots. The whole experiment lasted for 90 days. Sampling of soil was
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done on days 0, 10, 20, 30 and so forth to day 90. The two biochar types were applied at 10 Mg/ha.
3.6  Enumeration of microorganisms

3.6.1 Preparation of media
The microbial population during incubation studies was determined using the plate count method.

The Nutrient agar medium was used for culturing the total bacteria.

The composition of the medium is shown below:

Ingredient mass (g)
Tryptone 10
Meat extract 5
Sodium Chloride 5

Bacteriological agar 15

The medium was dissolved in 1 L distilled water and then sterilized in an autoclave.

3.6.2 Preparation of Ringer’s solution
The Ringer’s solution was used in preparation of serial dilutions to improve the viability of
microbial cells instead of using ordinary distilled water. The composition of the Ringer’s solution

is:
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Ingredient mass (g)

NaCl 1.0
KCI 0.105
CaCL2.2H20 0.1
NaHCOs3 0.05

These were dissolved in 1 L distilled water.

3.6.3 Total heterotroph counts

Enumeration of heterotrophs was done using the dilution plate count. Fresh soil of 1g was weighed
and added to 9 mL sterilized Ringer’s solution in a 10 mL dilution bottle. The resulting solution
was the shaken on a rotary shaker to mix the solution uniformly. This established a 10 dilution;
four other dilution bottles were each filled with 9 mL of the Ringer’s solution. The bottles and their
respective contents were sterilized by autoclaving at 121° C for 30 minutes. One milliliter (1mL) of
the freshly shaken suspension (10 dilution) was immediately drawn and transferred into one 9 mL
dilution bottle followed by shaking. This gave a 10 dilution, 1mL was drawn and transferred into
bottle containing 9 mL Ringer’s solution to establish a 107 solution. The transfer process was

again repeated twice to establish 10 and 107 dilution, respectively.

3.6.4 Preparation of pour plates

At the end of the preparation of the dilution series, 1 mL portion of the 107 dilution was aseptically
transferred with a micro pipette into sterile petri dishes that contained the set nutrient agar
medium. The dish was rotated in both clockwise and anticlockwise directions to achieve complete

mixing. The medium was previously sterilized by autoclaving at 121°C for 30 minutes at 103 kPa.
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3.6.5 Incubation, Counting of Colonies and Calculation of Results
The inoculated plates were incubated at 30°C and heterotroph counts were made after 72 hours.
The concentration of cells in the soil sample (C) was computed by dividing average number of

colonies per plate by the dilution factor.

The concentration of cells was divided by the weight of oven dry soil (determined separately on a
sub sample at the time of initial plating) to convert the results to dry weight basis. Differences

among treatments were examined using analysis of variance.

3.7 Microbial biomass

3.7.1 Microbial Biomass Carbon

Soil microbial carbon was monitored under the different soil amendments. Chloroform fumigation
and extraction (FE) method described by Ladd and Amato (1989) was used to determine the
microbial biomass carbon. Ten grams of field - moist soil sample, after passing through a < 2mm
sieve, was weighed into a fifty (50) mL volumetric flask marked with pencils to prevent ink from
running in chloroform and placed in a vacuum desiccator lined with moist paper towels to prevent
the desiccation of soil samples. A 50 mL volumetric flask containing 80 mL of alcohol —free
chloroform with boiling chips was placed by the soil sample. The desiccator was then evacuated
until the chloroform boiled for about five minutes and vented for fifteen minutes. These steps were
repeated three more times, not venting the last time. A 50 mL volumetric flask containing soil
sample (10 g) was placed in a separate desiccator without chloroform representing the

unfumigated control soil sample.

The desiccators were covered with black polythene bag (darkness prevents the chloroform from

breaking down) and allowed to stand at room temperature for 5 days (Anderson and Ingram,
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1993). Five days after fumigation, 50 mL of 0.5 M K>SO4 solution was added to the soil samples to
extract microbial carbon from the lysed microorganisms. The amount of microbial carbon in the
extract was determined using the colorimetric method. An aliquot (5 mL) of the extract was
pipetted into 250 mL Erlenmeyer flask. To this, were added 5 mL of potassium dichromate
(0.1667 M) and 10 mL concentrated sulphuric acid. The resulting solution was allowed to cool for

30 minutes after which 10 mL of distilled water was added.

First 5 mL of potassium dichromate (0.1667 M) and 10 mL concentrated sulphuric acid were
added to the anhydrous dexterous serving as the standard carbon source then allow to stand. Then
a standard series of concentration was developed from this ranging from 0, 2.5, 5.0, 7.5, 10.0
mg/mL C. These concentrations were obtained when volumes of 0, 5, 10, 15 and 20 mL of a 50
mg/mL C stock were pipetted into labelled 100 mL volumetric flasks and made up to the mark
with distilled water. The absorbance of the standard and sample solutions was read on a
quant-Lambda 850 spectrophotometer at a wavelength of 600 nm. A standard curve was obtained
by plotting absorbance values of the standard solutions against their corresponding concentrations.
Extracted carbon concentration of the samples was determined from the standard curve. For
biomass C, a k —factor of 0.35 (Sparling et al., 1990) was used. The following equation according

to Sparling and West (1998) was used to estimate the microbial C from the extracted C:

Microbial C (mg) = Ec/k

But Ec = Fc—UFc

Where
Ec = the chloroform-labile C pool (EC), and is proportional to microbial biomass C
Fc = C from the fumigated sample

UFc = C from the unfumigated sample
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k = the fraction of the killed microbial biomass extracted as carbon under standardized conditions
3.8 Measurement of soil microbial respiration

The gas entrapment method by Hutchinson and Mosier (1981) and Sullivan et al. (2010) was used
in this study. A 10 mL solution of 1M NaOH was dispensed into a vial and placed under the plastic
chamber to trap CO- evolved from the soil. Additional vials containing 10 mL of 1M NaOH placed
in the transparent container with their lids on to exclude CO; evolved from the soil served as
controls to account for the CO; trapped from the atmosphere. The trapping solutions were changed
every 72 hours. After exposure of the alkali, the vials were removed, covered with lids (air tight
seal) immediately and taken to the laboratory for analysis. The measurements were taken from day

three (3) to day ninety.

3.8.1 Laboratory analysis of soil CO2 efflux

At the end of each 72 hour incubation period, a 10mL solution of 1M BaCl; was added to the
solutions from the experimental pots to precipitate the carbonates to facilitate determination of
CO. evolved from the soil. The evolved CO> was then determined by titration. Excess NaOH in
solution was titrated against 1.0 M HCI using phenolphthalein indicator after precipitating the

carbonate formed with 1.0 M BacCl..

3.8.2 Chemical reactions and computation of evolved soil CO2

At the end of each reaction, the 1.0 M BaCl, added precipitated the carbonate as insoluble BaCOa.
Each mole of CO- dissolved in the NaOH leads to the production of 2 moles of H* after addition of
the BaClz. Thus each mole of dissolved CO: results in the neutralization of 2 moles of OH". The

reactions that occurred were:

CO2+ NaOH — HCO3 + OH"
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Ba** + HCO3s — BaCOs + 2H*
HCIl + OH  — NaCl + H.0

The HCI neutralizes the remaining OH", so that the amount of CO; trapped in the NaOH can be

calculated as:
mmol CO trapped in the NaOH = 0.5 x (volume nci blank — VVolume neisample) x M wer [3.3]
Where, M Hci is the molarity of the HCI used in the titration.

The amount of CO> trapped (mmol) in equation is converted to mg by multiplying it by the molar
mass of CO, (44 gmol™). This amount of CO2 (mg CO-) measured by the opened circular area of
the chamber in contact with the soil is expressed per m? per 72 hours of the sampling time (mg

m2/72hrs).

3.9 Nitrogen Mineralisation

Five grams of the soil sample was weighed into a 100-mL centrifuge bottle and 50 mL of 2 M KCI
solution added. The contents were shaken for 30 minutes on a mechanical shaker after which the
sample was filtered through a Whatman No. 42 paper. Five millilitres of the filtrate was pipetted
into a 100 mL micro Kjeldahl flask and 0.2 g of MgO was added. The flask was connected to a
distillation apparatus and about 30 mL of the distillate was collected in 5 mL of 2% boric acid to
which three drops of methyl red — methylene blue indicator mixture had been added. The distillate

was then back titrated against 0.01 M HCI to a purplish end point for ammonium-N determination.

One millilitre of sulphamic acid and 0.2 g Devarda’s alloy were then added to the contents of the
flask and the distillate collected in a new conical flask containing 5 mL of 2 % boric acid and three
drops of the mixed methyl red and methylene blue indicator. The distillate was then back titrated

against 0.01 M HCI from a green to a purplish end point to account for the level of nitrate in the
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soil. The respective concentrations of NH4" and NOs in the soil were then determined from the

number of moles of HCI consumed in the two back titration reactions.

3.10 Quantitative measurement of Residual Pesticide

3.10.1 Paraquat
Fifty milliliter of methanol and 5mL of sodium dithionite were added to 5g soil sample and
vigorously shaken at 270 rpm for 2 hours. The solution was then filtered using a Whatman No 42

filter paper. The filtrate was then measured by UV Vis spectrophotometer.

Standard solutions of 0, 0.5, 1, 2, 3, 4, and 5 pg/mL were prepared by adding 0, 1.25, 2.5, 5, 7.5,
10, and 12.5 mL of stock solution of paraquat 5 mL of sodium dithionite 1% (in 0.1 M NaOH)
and then diluted with methanol up to 50 mL (Khoiroh, 2008). The solution was then measured

based on UV-Vis spectrophotometer absorption at A=345 nm.

3.10.2 Atrazine
Thirty milliliter of methanol was added to 10 g soil sample and vigorously shaken at 270 rpm for
30 minutes. The solution was then filtered using a Whatman No 42 filter paper. The filtrate was

then measured by UV-Vis spectrophotometer.

Standard solutions of 0, 0.5, 1, 2, 3, 4, and 5 ug/mL were prepared by adding 0, 1.25, 2.5, 5, 7.5, 10,
and 12.5 mL of stock solution of atrazine 20 pug/mL to methanol. The solution was then measured

based on UV-Vis spectrophotometer absorption at A=275 nm.

3.10 Statistical Analysis
The data of different experiments conducted were subjected to Analysis of variance and means

were obtained using the software GENSTAT version 9 at a 5% level of significance (LSD) by
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comparing the LSD. Where it was necessary Microsoft Excel software was used to summarize the

values of mean into tables and graphs, including running correlation analysis where needed.
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CHAPTER FOUR

40 RESULTS

4.1  Characterization of soil

The data on some selected chemical and physical properties of the Adenta and Akuse series used
for the incubation study are presented in Table 4.1. The Adenta series has a higher sand content
(70.3%) than the Akuse series (47.1%). The silt contents of the two soils were similar with values
of 7.2% and 5.4% for Adenta series and Akuse series, respectively. The clay content was higher in
the Akuse series than the Adenta series. The two soils also have medium dry bulk density of 1.31

and 1.41 Mg/m?3 respectively, for Adenta series and Akuse series.

In water (1:1) pH was slightly acidic for Adenta series and slightly alkaline for the Akuse series
respectively (Table 4.1). When pH values were determined in 0.01 M CaCl», the values were lower
than those determined in water for all the soils, making the net change in pH negative. This
indicates that the soils have a net negative charge that may serve as potential sites for adsorption of
positively charged compounds and also the soils were also deeply weathered due to the negative

charges (Abekoe & Sahrawat, 2001).

Generally the organic carbon (OC) contents of the soils were low 6.0 and 9.1 g/kg for Adenta and
Akuse series (Table 4.1), respectively. These are characteristic of soils in semi-arid ecosystems
where the high rate of mineralization due to high temperatures reduces the accumulation of carbon

(Dowuona et al., 2012).

Total nitrogen content of the soils is generally low following trends in variations similar to OC

contents. Broad ratings of nitrogen measurements in soils were described by Landon (1984) as
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very high (> 10 g/kg), high (5 - 10 g/kg), medium (2 - 5 g/kg), low (1 - 2 g/kg) and very low (<1

g/kg). The Adenta series had a total nitrogen content of 1.09 g/kg, similar to the Akuse series

Table 4.1 Some physico-chemical properties of the soils used.

Soil properties

Adenta series

Akuse series

Sand%

Silt%

Clay%

Textural class

Bulk density Mg/m?®
pH (H20)

pH (0.01M CaCly)
Organic Carbon g/kg
Total Nitrogen g/kg
C:N ratio

Available Phosphorus mg/kg

CEC cmol/kg

70.3

7.2

22.5

Sandy Clay Loam
1.31

5.4

4.9

6.0

1.09

5.50

8.12

47.1
5.4
47.5
Sandy Clay
14
7.6
6.2
9.1
0.91
10
8.93

37.6

1.33 g/kg reported by Asuming-Brempong et al. (2013) and 0.91g/kg for Akuse series. The Adenta

series had a low available P content of 4.8 mg/kg which is consistent with values obtained for

similar soils in the landscape (Darko, 2007) and Akuse series had 8.93 mg/kg. The CEC of the

Akuse series is very high (37.6 cmol/kg) and about four times higher than the Adenta series (8.12

cmol/kg).
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4.2  Characteristics of cocoa husk biochar and Rice husk biochar

Some physico-chemical properties of the cocoa husk biochar (CHB) and rice husk biochar (RHB)
used in the study are summarized in Table 4.2. The CHB had a bulk density of 0.36 Mg/m?, 0.14
Mg/m? higher than that of the RHB. Biochar pH values are relatively homogenous (Verheijen et
al., 2010), largely neutral to basic. In this study, pH in water of cocoa husk biochar was 10.7 and
7.4 for rice husk biochar which could be described as very strongly alkaline and mildly alkaline.
The pH values determined in 0.01M CaCl. were higher than those determined in water for all
biochar samples making the net charge in pH positive. This suggests that the biochar samples have
a net positive charge that may serve as potential sites for adsorption of negatively charged

compounds.

The CHB and RHB had organic carbon (OC) content of 256.0 g/kg and 291.0 g/kg respectively,
total nitrogen content was 3.5g/kg and 1.4g/kg respectively giving a carbon to nitrogen ratio (C:N)

of 73.14 for cocoa husk and 212.14 for rice husk.

The cocoa husk biochar had a very high total and available P values of 4700 and 1100 mg/kg,
respectively. The total P in the RHB was 1100 mg/kg and its available P approximately seven

times lower than that in the CHB (Table 4.2).

The x-ray diffraction patterns showed that silica (SiO2) was the main mineral common to the two
samples (Fig 4.1). In addition to the silica, CHB had other minerals such as potassium hydrogen
carbonate (KHCO3), aluminum iron (iii) oxide (AlFeOs) and iron oxide hydroxide (FeOOH) in
appreciable quantities. The minor minerals in CHB include periclase (MgO) and magnesium oxide
(MgO), magnesium carbonate (MgCQO3), and potassium magnesium carbonate (K2MgCQz)2. The

RHB had only Magnesium hydroxide (Mg [OH] 2) in addition to the silica.
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Table 4.2

Chemical and physical properties of the soil amendments.

Properties

Cocoa Husk Biochar

Rice Husk Biochar

Bulk Density Mg/m?®
pHw (H20)

pH;s (0.01 CaCly)
Total P mg/kg
Available P mg/kg
CEC cmol/kg
Organic Carbon g/kg
Total Nitrogen g/kg

C:N ratio

0.36

10.4

10.8

4700

3897.7

81.67

256.0

3.5

73.14

0.22

7.4

7.6

1100

531

38.8

291.0

1.4

212.14
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XRD of Rice Husk Biochar
XRD of Cocoa Pod Biochar
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Figure4.1  X-Ray Diffraction Spectra of Biochars.
Key: A=Silica (SiO»), B= Calcite (CaCOz), C= Calcium differate oxide (CaFe204), D= Potassium

chloride (KCI), E= Siloxene (H20Si), F= Periclase (MgO), G= Magnesium oxide (MgO), H=
Magnesium carbonate (MgCO3), I= Potassium hydrogen carbonate (KHCO3), J= Aluminum Iron
(iii) Oxide (AlFeO3z), K= Iron oxide hydroxide (FeEOOH), L= Iron oxide (FeO), M= Graphite,
nitrated, N= Magnesium silicate (Mg.SiOs) O= Iron magnesium oxide (FeMgOs), P=
Magnesium hydroxide (Mg[OH]2). Q= Potassium magnesium carbonate (KoMgCOz)2, R=

Calcium magnesium.

Mineralogical composition of biochar

Biochar type Minerals present
Cocoa husk AfghlL)Kagr
Rice husk A p

Lower case = minor component
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4.3  Pesticide influence on microbial counts in soils amended with biochar
The microbial counts in biochar amended soils before and upon pesticide application are herewith

presented in the sections below.

4.3.1 Total Heterotroph Count when no pesticide was added to soils

The total heterotroph count (THC) patterns were similar in the two soils. The count was low
initially and grew to peak values with time and then declined within the incubation period. The
total heterotroph count in the control soils (or soils un-amended with biochar) ranged from 3 x
10°to 9 x 10° cfu/g soil for the Akuse series (AKC) and the Adenta series (AdC) from day 0 to

day 90 (Fig. 4.2a). The counts were all significantly different with time (p<0.05) for both soils.

On amendment with biochar, total heterotroph count (THC) values were generally lower in the
Adenta series than the Akuse series. Adenta series amended with RHB had higher THC than when
amended with CHB. Significant differences among the RHB, CHB and the un-amended soils were

recorded in days 60, 80 and 90 (Fig. 4.2a) for the Adenta series.

When the soils were amended with biochar, the total heterotroph count was higher for Akuse series
amended with CHB as compared to the same soil amended with RHB (Fig. 4.2a). The highest
count of 25-28 x10 ° cfu/g soil occurred in the Akuse series amended with CHB between 30 to 70

days of incubation, after which the total heterotroph count declined.
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Figure 4.2a Total heterotroph count of bacteria in the un-amended and amended Adenta

series and Akuse series when no herbicide had been applied.

(AdC-Adenta series un-amended with biochar, AdCh- Adenta series amended with CHB, AdRh-
Adenta series amended with RHB, AkC-Akuse series un-amended with biochar,

AkCh-Akuse series amended with CHB, AkRh-Akuse series amended with RHB)
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4.3.2 Total Heterotroph Count when normal rate of atrazine and paraquat were applied to
soils

On application of the normal rate (3.5 kg a.i/ha) of atrazine to the Adenta series, higher THC
were recorded for the CHB and RHB amended soil as compared to the control or the un-amended
soil (Fig. 4.2 b). The highest total heterotroph counts of 37 x 10° and 32 x 10° cfu/g soil were
respectively, obtained on days 30 and 80 for the CHB. Lower THC were observed for the Adenta
series amended with RHB and these significantly varied with sampling time at p < 0.001 (Fig.

4.2b).

On applying paraquat at the normal recommended rate (36 g a.i./ha) to the biochar amended
Adenta series, THC were generally lower than when the atrazine was applied (p<0.01) at the
normal recommended rate (Fig 4.2 b). The THC for Adenta series amended with RHB was highest

in days 20, 60 and 80, and significant differences existed with time.

Akuse series amended with CHB and contaminated with atrazine at the normal rate had high THC
of 36 x10°cfu/g soil on day 30 which declined thereafter with time (Fig. 4.2¢) to the same soil. The
THC in Akuse series amended with CHB was significantly higher than the same soil amended with

RHB in days 10, 20, 30, 40 and 50.

Lower total heterotroph counts were recorded when paraquat was applied at the normal application
rate to the Akuse series as compared to when atrazine was applied (Fig. 4.2c) to the same soil. The
highest THC was obtained after 30 days of application (24 x10° cfu/ g soil). The THC counts upon
application of the two pesticides on Akuse series were significant different during the 90 day

incubation period, p < 0.05.
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Figure 4.2b  Total heterotroph count of bacteria when normal rate of herbicide application

to the Adenta series.

(AdCAt-Adenta series un-amended with atrazine applied, AdChAt-Adenta series amended with
CHB with atrazine applied, AdRhAt- Adenta series amended with RHB with atrazine
applied, AdCP-Adenta series un-amended with paraquat applied, AdChP-Adenta series
amended with CHB with paraquat applied, AdRhP- Adenta series amended with RHB

with paraquat applied)
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Figure 4.2c  Total heterotroph count of bacteria in Akuse series that had normal rate
atrazine and paraquat application.

(AKCAt-Akuse series un-amended with biochar with atrazine applied, AKChAt-Akuse series
amended with CHB with atrazine applied, AKRhAt- Akuse series amended with RHB with
atrazine applied, AkCP-Akuse series un-amended with paraquat applied, AKChP-Akuse series
amended with CHB with paraquat applied, AKRhP- Akuse series amended with RHB with

paraquat applied).
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4.3.3 Total Heterotroph Count when ten times the normal rate of atrazine and paraquat
were applied to soils.

High THC counts that of between 46 and 52 x 10° cfu/g soil were observed on days 40, 50, 80 and
90 for the Adenta series amended with CHB with no significant differences in THC among the

sampling days (Fig. 4.2d ).

The use of 10X the normal application rate of paraquat depressed THC in all soils amended with

biochar such that the control soils had higher heterotroph counts than the CHB and the RHB

amended soils (Fig. 4.2d).
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Figure 4.2d Total heterotroph count when the Adenta series was treated with atrazine and
paraquat at 10X the normal application rate.

(AdCAt-Adenta series un-amended contaminated with atrazine, AdChAt-Adenta series amended
with CHB contaminated with atrazine, AdRhAt- Adenta series amended with RHB
contaminated with atrazine, AdCP-Adenta series un-amended contaminated with
paraquat, AdChP-Adenta series amended with CHB contaminated with paraquat,
AdRhP- Adenta series amended with RHB containated with paraquat).

In the Akuse series, when atrazine 10X the normal concentration was applied to the CHB amended
soil, high heterotroph counts of 66 x 10° and 58 x 10° cfu/g soil respectively, occurred on days 30
and 70. Rice husk biochar amended Akuse series however, recorded lower THC and in most
cases, there was no significant difference between the control treatments and the rice husk biochar

amended soil (Fig. 4.2e).

When paraquat was applied, the un-amended Akuse series recorded higher THC than the biochar
amended soils just as was observed in the Adenta series (Fig. 4.2e). On days 50 and 90, the
un-amended Akuse series had the high THC of 30 and 32 x10° cfu/ g soil, respectively. Treatment
differences between Akuse series treated with atrazine and Akuse series treated with paraquat

were significant (p<0.05).
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Figure 4.2e  Total heterotroph count the when Akuse series was applied with 10X the

normal recommended rate of atrazine and paraquat.

(AKCALt-Akuse series un-amended contaminated with atrazine, AKChAt-Akuse series amended
with CHB contaminated with atrazine, AKRhAt- Akuse series amended with RHB
contaminated with atrazine, AKCP-Akuse series un-amended contaminated with
paraquat, AKChP-Akuse series amended with CHB contaminated with paraquat, AKRhP-
Akuse series amended with RHB contaminated with paraquat).

4.4  Soil microbial biomass carbon
Soil microbial biomass carbon for the un-amended and amended soils upon application of the

pesticides is presented herein.
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4.4.1 Microbial biomass carbon when no atrazine and paraquat were applied to soils
Microbial biomass was low in all the treatments at the onset of incubation in both soils but with
time, increase in microbial biomass was observed (Fig. 4.3a). In the Adenta series, slightly higher

biomass was observed in the CHB than in the RHB amended soils (Fig. 4.3a).
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Figure 4.3a Microbial biomass C in the Adenta series and Akuse series when no atrazine
and paraquat had been applied.

(AdC-Adenta series un-amended with biochar, AdCh- Adenta series amended with CHB, AdRh-
Adenta series amended with RHB, AKC-Akuse series un-amended with biochar, AKCh-Akuse
series amended with CHB, AkRh-Akuse series amended with RHB).

The un-amended soil had the least microbial biomass within the 90 day incubation period and was
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not significantly different from the biochar amended Adenta series (p> 0.05) in the Adenta series.

In the Akuse series, the CHB amended treatments recorded higher biomass than RHB amended
soils and the control soil. High microbial biomass was recorded from days 60 to 90 for the CHB
amended Akuse series (87.3 to 90.5 mg C/g soil). In the Adenta series however amending the soil
with the CHB biochar types gave lower values of 56.44 to 63.07 mg C/g soil (Fig. 4.3a).
Generally, higher microbial biomass was obtained for the Akuse series for all treatments as
compared to the Adenta series. Differences were significant between treatments of the Akuse

series and the Adenta series at all times (p<0.01).

4.4.2 Microbial biomass carbon when normal rate of atrazine and paraquat were applied
to soils

When the Adenta series was contaminated with atrazine at the normal recommended rate, high
microbial biomass carbon values were obtained from day 50 to day 90 on amendment with the
CHB. However, there was no significant difference in microbial biomass carbon within that
period of time (Fig. 4.3b). Microbial biomass carbon for both the un-amended soil and the RHB
amended Adenta series was not significantly different from each other throughout the incubation

period.

When paraquat was applied to the Adenta series at the normal field rate, depressive effect was
observed on the microbial biomass carbon especially for the biochar amended soils. Thus at day
90, Adenta series amended with CHB and contaminated with atrazine had a microbial biomass
carbon of 109.15 mg/g soil whilst the same treatment when contaminated with paraquat recorded a
microbial biomass carbon of 87.90 mg/g soil (Fig. 4.3b). Significant differences in treatments were

observed between Adenta series contaminated with atrazine and the Adenta series contaminated
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with paraquat (p<0.05).
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Figure 4.3b Microbial biomass C in Adenta series when normal rate of atrazine and

paraquat had been applied.

(AdCAt-Adenta series un-amended with biochar with atrazine applied, AdChAt-Adenta series
amended with CHB contaminated with atrazine, AdRhAt- Adenta series amended with
RHB contaminated with atrazine, AdCP-Adenta series un-amended contaminated with
paraquat, AdChP-Adenta series amended with CHB contaminated with paraquat,
AdRhP- Adenta series amended with RHB contaminated with paraquat).

High microbial biomass carbon of between 113 and 148 mg/g soil was observed in the Akuse
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series from day 50 to 90 for the CHB amended soil contaminated with atrazine (Fig 4.3c). Lower
microbial biomass carbon values were observed for the RHB amended soil and the un-amended
soil. There was no significant difference between un-amended and RHB amended soils when they
were contaminated with atrazine during the period of incubation (Fig. 4c). Significant differences
were observed between the un-amended and amended Akuse series when the normal rate of

atrazine was applied (p< 0.05).

When paraquat was applied to both the un-amended and biochar amended Akuse series, high
microbial biomass was also observed from days 50 to 90 with the CHB amended Akuse series
even though there were no significant differences among microbial biomass carbon (Fig 4.3c).
There were significant differences (p<0.05) between atrazine and paraquat contaminated Akuse

series, irrespective of whether the vertisol was amended with biochar or not.
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Figure 4.3c  Microbial biomass C in the Akuse series normal rate of atrazine and paraquat

had been applied.

(AKCALt-Akuse series un-amended with biochar and atrazine applied, AKChAt-Akuse series
amended with CHB with atrazine applied, AKRhAt- Akuse series amended with RHB
with atrazine applied, AKCP-Akuse series un-amended with paraquat applied,
AKChP-Akuse series amended with CHB with paraquat applied, AKRhP- Akuse series
amended with RHB with paraquat applied).

4.4.3 Microbial biomass carbon when ten times the normal rate of atrazine and paraquat
were applied to soil

Microbial biomass carbon was highest on day 60 (132.40 mg/g soil) decreasing with time there
after in the Adenta series amended with CHB. Higher microbial biomass carbon was obtained for
the Adenta series amended with CHB as compared to the same soil amended with RHB and the

un-amended (control) soil (Fig 4.3C)
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Figure 4.3d Microbial biomass C in Adenta series when ten times the normal rate of

atrazine and paraquat were applied.

(AdCAt-Adenta series un-amended contaminated with atrazine, AdChAt-Adenta series amended
with CHB contaminated with atrazine, AdRhAt- Adenta series amended with RHB
contaminated with paraquat, AdChP-Adenta series amended with CHB contaminated
with paraquat, ADRhP- Adenta series amended with RHB containated with paraquat).

When the Adenta series was contaminated with paraquat at ten times the normal application rate,

the CHB amended soil had high microbial biomass carbon from days 60 to 90 (ranging from 88.18

to 99.44 mg/g soil). Depressive action of paraquat as compared to atrazine in the Adenta series was

not significant (p>0.05), Fig 4.3d.
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Akuse series amended with CHB and contaminated with atrazine ten times the normal application
rate recorded very high microbial biomass values (Fig. 4.3e). Microbial biomass carbon was
significantly higher for the CHB treatment than the soils amended with RHB and the unamended
soils. From days 30 to 90, the highest microbial biomass carbon was recorded and the values

ranged from 171.42 to 290.30 mg C/ g soil.

When paraquat was applied to the Akuse series, the highest microbial biomass carbon was
observed from day 40 to day 80 with the microbial biomass carbon ranging from 110.71 to 104.83
mgC/g soil (Fig. 4.3e). With the paraquat contaminated Akuse series, significant differences

existed between soils amended with CHB and the un-amended soils treatments (p<0.05).

Significant differences existed between Akuse series contaminated with atrazine and Akuse series
contaminated with paraquat at ten times the normal application rate (p< 0.05 ) showing the

depressive action of paraquat on microbial biomass in the Akuse series.
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Figure 4.3e  Microbial biomass carbon when ten times the normal rate of atrazine and

paraquat were applied to Akuse series.

(AKCALt-Akuse series un-amended contaminated with atrazine, AKChAt-Akuse series amended
with CHB contaminated with atrazine, AKRhAt- Akuse series amended with RHB
contaminated with atrazine, AKCP-Akuse series un-amended contaminated with
paraquat, AKChP-Akuse series amended with CHB contaminated with paraquat, AKRhP-
Akuse series amended with RHB containated with paraquat).

45  Carbon mineralization in soils contaminated with pesticides and amended with
biochar

Carbon mineralization increased with time in all treatments and in the two soils used. The highest
carbon mineralization was observed in soils amended with CHB followed by soils amended with
RHB. The un-amended soils (control) had the least carbon mineralization value at any point in
time. Differences in C mineralized were not significant (p> 0.05) in soils not contaminated with

pesticide (Fig 4.4a).
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Fig 4.4a Carbon mineralization in the Adenta and Akuse series not contaminated with
atrazine and paraquat.

When normal rate of atrazine was applied to the Adenta and Akuse series, the CHB amended
treatments had the highest carbon mineralization values in both soil series (Figs. 4.4b). It is
worthy of note that there was unusually high carbon mineralization of Akuse series amended with
CHB and contaminated with atrazine at the normal application rate, making that treatments
significantly different from the other atrazine amended soils especially from days 50 to 90
(p<0.05) (Fig. 4.4b). A similar observation was made when the Akuse series amended with cocoa

husk biochar was contaminated with 10X atrazine (Fig. 4.4c). Generally, paraquat treated soils be

it normal rate or ten times the normal rate of application, had lower carbon mineralization values
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than soils treated with atrazine
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Figure 4.4b Carbon mineralization in the Adenta and the Akuse series when normal rates

of atrazine and paraquat were applied.
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Figure 4.4c

normal rates of atrazine and paraquat were applied.

451

Influence of pesticide on carbon mineralization rate of biochar amended and

un-amended soils

Carbon mineralization rate of the un-amended Adenta series with no pesticide applied was lower
(47.3 pgClg soil) than the carbon mineralization rate of un-amended Akuse series (49.47 pgC/g
soil) with no pesticide applied. Amendment of the Akuse series with CHB (AKChAt and AKChP

treatments respectively) stimulated carbon mineralization rates to 62.46 ugC/g soil (Table 4.3).
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Carbon mineralization in the Adenta and the Akuse series when ten times the



The Akuse series amended with RHB (AkRhP and AkRhAt) was less stimulated and the carbon
mineralization rate was 55.76 pgC/g soil when no pesticide had been added (Table 4.3). In the
Adenta series, carbon mineralization rate was 55.91 pgC/g soil when amended with CHB
(AdChAt and AdChP) whilst in the same soil amended with RHB (AdRhAt and AdRhP), carbon

mineralization rate was 50.21 pugC/g soil (p>0.05) and no pesticide had been applied.

When the normal rate of application of atrazine and paraquat were added to the Akuse and Adenta
series, carbon mineralization rates were intermediate between the soils that had not been treated
with pesticide and the soils that 10X the pesticide treatment (p<0.05) (Table 4.3). Carbon
mineralization rates were stimulated when the normal application rate of atrazine and paraquat
were added to the Adenta and Akuse series compared to the same treatments that no pesticide had
previously been applied. It was only AACP where slight depressive effect was observed compared
to the same treatment when no paraquat had been added. The highest carbon mineralization was

observed for AKChALt (81.78 pg/g soil).
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Table 4.3

Carbon mineralisation rate of Akuse and Adenta series between 30 to 50 days

of incubation amended and un-amended with biochar and as influenced by pesticides at

different rates.

Treatment *Carbon Carbon mineralization ~ Carbon mineralization
mineralisation rate rate (Normal application rate (10 times normal
(no pesticide applied)  rate of pesticide) application rate)
ug/g soil/day ug/g soil/day ug/g soil/day

AdCAt 47.3 47.48 73.2

AdChAt 55.91 67.86 79.1

AdRhAL 50.21 55.02 76.0

AdCP 47.3 42.10 52.1

AdChP 55.91 59.22 62.1

AdRhP 50.21 50.70 49.1

AKCALt 49.47 55.42 60.1

AKChAt 62.46 81.78 91.2

AKRhAt 55.76 77.24 79.1

AkCP 49.47 47.43 62.3

AkChP 62.46 69.58 70.34

AKRhP 55.76 62.68 68.1

p <0.05 <0.05 <0.05

*No pesticide (0 kg a.i/ha) had been added to soil therefore treatments AAdCAt, AdChAt, AdRhAL,
AdCP, AdChP, AdRhP, AKCAt, AKChAt, AkRhAt, AKCP,AkChP, AKRhP could be considered
as AdCAtg, AdChAts, AdRhAts, AdCPg and so forth for column 2 above.
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When atrazine was added to the Adenta series at 10X the normal application rate, the
mineralization rates of the un-amended soil was 73.2 pgC/g soil and 79.1ugC/g soil for CHB
amended soil (Table 4.3). The same soil treated with paraquat, depression of carbon mineralization

rate were observed especially with the RHB (p<0.01).

When the Akuse series was amended with CHB and was contaminated with 10X normal rate of
atrazine, the highest carbon mineralization rate occurred with treatment AKChAt followed by
AKRhAt treatment (91.2 and 79.1ugC/g soil). Carbon mineralization rates were lower in the Akuse
series that 10X the normal application rate of paraquat have been added (Table 4.3) as compared to

the same soil that atrazine 10X the normal application rate added.

4.6  Nitrogen mineralization
The N mineralization of un-amended and amended soils with and without pesticide application is

presented in the ensuing sections.

4.6.1 Nitrogen mineralization when no atrazine and paraquat were applied to soils

Nitrogen mineralized increased with time in both the Adenta series and the Akuse series. By the
90th day, about 300 pugN/g soil had been mineralized in the Adenta series amended with cocoa
husk biochar (Fig. 4.5a). Mineralization was generally higher in Adenta series amended with
cocoa husk biochar as compared to the same soil amended with rice husk biochar. A similar

observation was made with the Akuse series (Fig. 4.5a).
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Figure 4.5a Gross N mineralization in the un-contaminated Adenta and AKkuse series.

4.6.2 Nitrogen mineralization at normal rate of atrazine and paraquat applications
On application of the herbicides to the Adenta series, no significant differences (p > 0.05) in

treatments were observed in nitrogen mineralization during the incubation period, (Fig. 4.5b).

In the Akuse series, nitrogen mineralization was in the order of cocoa husk biochar amended soils
contaminated with atrazine (AkChAt) > followed by the same soil amended with rice husk and

also contaminated with atrazine (AkRhAt) > the rest. Thus by day 90, N mineralized was 500 ug/g
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soil in the AKChALt treatment and 410 pg/g soil in the AKChP treatment. The same treatments

(AdChAt and AdChP) in the Adenta series resulted in 350 pg/g soil and 300 pug N /g soil of

nitrogen mineralized (Fig. 4.5b).
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Fig 4.5b Gross nitrogen mineralization in Adenta and Akuse series at 1X normal

atrazine and paraquat application rate.

4.6.3 Nitrogen mineralization at 10X normal rate of atrazine and paraquat applications

Significant differences in nitrogen mineralized was not observed with the different treatments in

the Adenta series (p>0.05) when contaminated with 10X the normal rate of atrazine and paraquat.

However, in the Akuse series, significant differences (p <0.01) were observed in treatments
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especially by day 50, (Fig. 4.5¢c). When Akuse series was contaminated with atrazine upon
amendment with CHB (AkChAt), gave the highest nitrogen mineralization throughout the
incubation period followed by the atrazine contaminated RHB amended soil (AkRhAt). Akuse

series treated with paraquat gave lower nitrogen mineralization during the period of investigation.
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Figure 4.5c: Gross nitrogen mineralization in Adenta and Akuse series at 10X normal
atrazine and paraquat application.
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4.6.4 Nitrogen mineralization rates as influenced by concentrations of herbicide

Nitrogen mineralization rate of the un-amended Akuse series (AKCAt and AKCP) was higher than
that of the un-amended Adenta series (AdCAt and AdCP) when no pesticide had been applied to
both treatments (Table 4.4). When amended with biochar (CHB and RHB) and no pesticide had
been applied, the nitrogen mineralization rate was almost the same for both soil series with rates of
about 2 pg/g soil. For instance, RHB amended Adenta series not contaminated with atrazine
(AdRhALt) and RHB amended Akuse series not contaminated with atrazine (AkRhAt) had the same

nitrogen mineralization rates of 2.1ug/g soil and 2.15 pg/g soil, respectively (Table 4.4).

The application of atrazine and paraquat generally stimulated nitrogen mineralization rates in all
the biochar amended Akuse series compared to the uncontaminated Akuse series i.e. no addition of
atrazine or paraquat (Table 4.4). For the Adenta series depression of nitrogen mineralization was
observed as compared to the same soil that no pesticide had been applied. The highest nitrogen
mineralization rate was AKChAt (2.89 pg/g soil/day) followed by AKChP (2.66 ug/g soil/day)
when normal rates of atrazine and paraquat had been, respectively, applied to the Akuse series
amended with CHB. Generally, nitrogen mineralization rates were high in the Akuse series as

compared to the Adenta series.

When ten times the normal rate of atrazine was applied, nitrogen mineralization rates were high for
Akuse series as compared to the Adenta series. The highest nitrogen mineralization rate occurred
when the un-amended Akuse soil was contaminated with paraquat (AkCP) followed by the same

soil amended with RHB and contaminated with paraquat (AKRhP) (Table 4.4).
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Table 4.4 Nitrogen mineralisation rate of biochar amended and unamended Akuse and
Adenta series contaminated with the herbicides.

Treatment *Nitrogen mineraliation Nitrogen mineralization Nitrogen mineralization
rate 0-90 days where no  rate 0-90 days where the  rate 0-90 days pg/g
pesticide was applied normal rate (1X) of soil/day where 10X

pesticide was applied normal rate was applied

AdCAt 0.74 2.03 2.26

AdChAt 2.204 1.983 1.975

AdRhAt 2.15 1.902 2.08

AdCP 0.74 1.496 1.23

AdChP 2.204 1.85 2.20

AdRhP 2.15 1.679 2.1

AKCAt 0.92 2.6 2.50

AKChALt 2.02 2.89 2.65

AKRhALt 2.1 2.3 1.92

AkCP 0.92 2.66 2.82

AkChP 1.75 2.51 2.57

AKRhP 2.1 2.34 2.72

p >0.05 <0.05 >0.05

*No pesticide (0 kg a.i/ha) had been added to soil therefore treatments AdCAt, AdChAt, AdRhAt,
AdCP, AdChP, AdRhP, AKCAL, AKChAt, AKRhAt, AKCP,AkChP, AKRhP could be considered
as AdCAty, AdChAty, AdRhAty, AdCPo and so forth... for column 2 above.

4.7  Pesticide Degradation

The pesticide degradation of un-amended and amended soil is presented in the ensuing sections.

When the Adenta series was contaminated with atrazine at the normal rate of application,
degradation was faster in the soil amended with RHB (AdRhAt) than when the same soil was
amended with CHB and the un-amended Adenta series. Significant differences in treatments
between AdRhALt and the others were observed on day 40 (Fig. 4.6a).
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Figure 4.6a: Degradation of Atrazine at normal application rate in Adenta and Akuse series.
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Figure 4.6b Percentage degradation of atrazine applied at the normal rate in the Adenta
and Akuse series.

In the Akuse series, when the normal rate of atrazine was applied, degradation was faster in the
RHB amended soil than the un-amended soil and the CHB amended soil (AKChALt) (Fig. 4.6a).

There were significant differences in treatment between the AKChALt and the other treatments.

The percentage degradation was higher in the RHB and the un-amended soils than in soils
amended with CHB when atrazine was applied at normal rate to both the Adenta and the Akuse

series (Fig. 4.6b). At such an application rate, the atrazine was a carbon and nitrogen source for
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microbes in the soil such as heterotrophs, hence the microbes made use of some of the pesticide for
metabolic activities and the rest was degraded. Results also show that at the normal rate of

pesticide application, indigenous soil microorganisms could effectively degrade the herbicides.

When 10X the normal application rate of atrazine was added to the Adenta series, degradation was
faster in the Adenta series amended with biochars, initially with AdRhAt and later with AdChAt

treatments. Treatment differences were significant in treatment from day 50 to 70 (Fig. 4.6c).

When 10X the normal application of atrazine was added to the Akuse series, degradation was
fastest in the Akuse series amended with CHB compared to the same soil amended with RHB and
the un-amended soil. Significant differences in treatments were observed between the AKChAt and
the other treatments from days 50 to 70 (Fig. 4.6¢). The percentage degradation of atrazine showed
that when both soils are contaminated with atrazine at 10X the normal rate of application, CHB

amended soils degraded atrazine fastest (Fig. 4.6d).

[any

o

o
I

(O]
o
I

400 -

S 350 -

w

X

% 300

E

5 250 -

c e A\ CA

s 200 - dcAt
[=4

- \ dChAt
=]

f \ AdRhAt
©

=}

S

w

[}

o

o

0O 10 20 30 40 50 60 70 80 90
Time (days)

97



350 -
300 -

250 -
e AKCAL
200 -

e AKChAT
150 4 ——— AkRhAL

100 -

U1
o
1

Residual Atrazine in soil (mg/g soil)

o

0 | 10 | 20 | 30|-:|4QI(§%;’50 | 70 | 80 | 90I

Figure 4.6¢c Degradation of Atrazine at 10X normal application rate.

100
90

% Atrazine Degraded
R N W b U1 OO N O©
O OO0 o o o o o

o

0 10 20 30 40 50 60 70 80 90

Time(day)
=@=—=AdCAt =lll=AdChAt === AdRhAt

98



100
90
80
70
60
50
40
30
20
0
o _B
0 10 20 30 40 50 60 70 80 90

% Atrazine Degraded

Time(day)

=== AKCAt ==l=AKChAT AkRhAt

Figure 4.6d Percentage degradation of atrazine in the Adenta and the Akuse series at
10Xnormal application rate.

4.8  Degradation of paraquat in the Adenta and Akuse series

The results also showed that there was little degradation of this pesticide in both soils albeit more
rapid degradation in Adenta than the Akuse series. Paraquat degradation was higher in the Adenta
series amended with RHB than the same soil amended with CHB and the un-amended soil.
Significant differences in treatments were observed in days 50-80 for the RHB amended Adenta

series and other treatments (Fig. 4.6e).

In the Akuse series, a similar observation to that in the Adenta series was made with high
degradation obtained in the RHB amended soil than the other treatments and in days 30 to 90
significant differences in treatments between the Akuse series amended with RHB and other

treatments were observed (Fig. 4.6e).
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Figure 4.6e Paraquat degradation in Adenta and Akuse series at normal application rate.
Paraquat degradation at 10X normal application to Adenta series, degradation was faster in the

control soil than in soils amended with biochars (Fig. 4.6f). Significant differences in treatment

were observed between the un-amended soil and other treatments from days 40 to 80.

Degradation of paraquat in the Akuse series followed the same trend as observed when ten times

the normal rate of application of paraquat was applied to Adenta series (Fig. 4.6f).
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Figure 4.6f Paraquat degradation in Adenta and Akuse series 10X normal application
rate.
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CHAPTER FIVE

5.0 DISCUSSION

51  Soil Characterization

The Adenta series is sandy clay loam in texture whilst the Akuse series is a sandy clay soil
according to the USDA system of classification (Soil Survey Staff, 2003). The higher sand content
of 70.3% in the Adenta series than the Akuse (47.1%) soil is due to the fact that the former has
been formed from tertiary sand with the latter from garnetic ferrous hornblende gneiss (Brammer,
1962). The medium bulk density of 1.3 Mg/m3of the Adenta series reflects the sandy clay loam
characteristic of the soil in the landscape. The occurrence of montimorillonite claysin Akuse series
gave it higher bulk density than the Adenta series. Also the existence of, garnetic ferrous
hornblende make the Akuse series harden on drying to raise the bulk density. The higher bulk
density of the Akuse series could also be due to its higher Ca contents (Dowuona, 1985) which

would promote aggregation.

The Akuse series has a higher pH than the Adenta series probably because of the presence of
CaCOz nodules found in the soil (Ahenkora, 1997). In the Adenta series the low content of clay
high sand content together with a daily average temperature of 28°C enhanced the rapid
decomposition and low retention of organic matter added. Consequently organic carbon contents
of the Adenta series are low with a concomitant low total nitrogen content of approximately 1.09
g/kg and available P of 4.8 mg/kg. It has been established that clay, holds more organic carbon,
total N and P than sand and silt (Jones et al., 2006). For that reason, it is not unexpected that with

its high clay content, the Akuse series has quite high organic carbon and available P. The higher
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available P content in the Akuse series than the Adenta series is also attributed to the pH of 7.6 of
the Akuse series as compared to the pH (H20) value of 5.4 of the Adenta series. This 7.6 value is
closer to the second pK value of orthophosphoric acid (7.15) (Evangelou, 1998) than 5.4. Thus,

more of the orthophosphate anion HPO.? will be in soil solution.

The Adenta soil with a lower clay content of 22.5% is dominated by low activity clays mainly
kaolinite (Eze, 2008). Additionally, its organic carbon content is very low and explains the soil’s
very low CEC value of 8.12 cmol(c)/kg. The fact that the Akuse series is 47.5% higher in clay
content coupled with its higher organic carbon contents in part, accounted for its higher CEC. The
four times higher CEC in the Akuse series than the Adenta series is also attributed to the presence

in large quantities of high activity clays, particularly montmorillonite (Dowuona, 1985).

5.2  Characterization of biochar

The pH of the two biochar was more than 7.0 and that could be due to the type of pyrolysis
(Streubel, 2011). Pyrolysis between 300° C to 600°C, organic acids and phenolic substances are
released during the cracking of hemicellulose and cellulose. These acids then combine with basic
cations in the feedstock to form alkali salts with a concomitant increase in pH of the biochar
(Shinogi and Kanri, 2003). It is evident that type of feedstock has accounted for differences in pH
in the biochar types. The strongly alkaline pH (10.4) in the CHB is explained by the presence of
appreciable guantities of KHCO3 and MgCO3 and small quantities of MgO which are all liming

materials.

In all, cocoa husk biochar had the highest nutrient composition with respect to total N, P and
available phosphorus. High composition of these nutrients in the CHB especially available P

which is 3987.7 mg/kg coupled with its high pH and the abundance of liming materials makes it a
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suitable material to be used as soil amendment in highly acid soils like the soil of the Western

region of Ghana.

Generally as during pyrolysis as temperature as temperatures increases from 350 to 600°C most of
the N is lost (Streubel, 2011). This is because as pyrolysis temperature increases, the N forms
pyridine-like complexes that reduce its availability (Bagreev et al., 2001). The concentration of N
reduced during heating and this can be attributed to volatilization and also some N-containing
structures in the biochar (e.g., amino acids, amines, amino sugars) are compressed into recalcitrant
types and therefore may be unavailable for plant use (Cao and Harris, 2010). It is therefore a matter
of consequence that all the biochar samples have low total N (<4 g/kg) contents. The relatively
higher total N contents in the CHB which is about 1.6 times that in the RHB could be due to the

higher fertilization regimes of cocoa in Ghana.

The sum of the total exchangeable cations that a biochar can hold or adsorb in is termed as cation
exchange capacity (CEC) (Essay, 2013) and is also a reflection of the number of negative charges
created on the surface of the material. The biochars had high CEC due to the high amounts of
oxygen-containing functional groups (e.g. -CO [O] and -OH) (Yuan and Xu, 2012). Another study
credited the high CEC of biochar to carboxylic groups’ formation by oxidation on the edges of the
aromatic backbone of biochar (Glaser et al., 2002). This may imply that cocoa pod biochar with the
higher cation exchange capacity of 81.67cmol/kg contain these oxygen-containing functional
groups than the RHB (38.8cmol/kg) biochar with the lower CEC. To measure a soil’s nutrient
retention capacity and the ability to protect groundwater from cation contamination CEC is used

(Essay, 2013).

The available phosphorus of CHB was about seven times higher than the rice husk that makes it a
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very rich source of phosphorus for microorganisms. The bulk density of biochar was low 0.22
Mg/m? for CHB and 0.33 Mg/ m® RHB. The bulk density of the 0-0.20m of the Akuse series was
1.40 Mg/ m® and 1.31 Mg/m?® for Adenta series. It is therefore expected that the overall bulk

density of the soil will reduce when biochar is added (Verheijen et al., 2010).

5.3  Effect of biochar amendments on microbial population of pesticide polluted soils

Microorganisms are capable of degrading pollutants such as pesticide in many soils. The
populations of microorganisms vary in different soils, and the addition of organic material may
stimulate the growth of heterotrophs. The organic material acts as an energy source for the
heterotrophs. It is therefore, not surprising that addition of biochar in this study enhanced the
growth of those organisms capable of using atrazine and paraquat for growth. Pesticide degrading
organisms besides energy source require nutrients for their growth. These nutrients are obtained

from the soil but often the concentrations of these nutrients are limiting.

To synthesize their cell membranes, microorganisms require phosphorus as phospholipids as it is
an intrgral part of nucleic acids and for sugar phosphorylation (Andrew and Jackson, 1996).
Adenosine triphosphate is very important in microbial proliferation as it is needed for energy
transfer. The main active ingredient in ATP formation is P. Thus any medium in which P is
readily available would facilitate the proliferation of microorganisms. Amelioration of soil with
the two biochar types resulted in increased populations of bacteria due to the concentration of the
nutrient in the amendments. Since degradation of contaminants in the soil is often linked to
numbers of the degrading bacteria, increasing the number of bacteria acting on a particular
substrate under any given set of conditions will result in faster degradation. This was exactly what
was observed; addition of biochar increased both the population of the heterotrophs, with the

concomitant decrease in the levels of pesticide remaining in the soil. This finding agrees with
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studies by Chorom et al. (2010), noted that application of nutrients to polluted soils produced a
significant effect on groth of soil bacteria growth; and also average bacterial growth in the
treatment samples was significant different from the control. Studies by several researchers have
indicated that, nutrients are necessary for biodegradation activities (ljah and Antai, 2003;

Adesodun and Mbagwu, 2008; Joo et al., 2007).

The total heterotroph growth increased in the first few weeks and decreased thereafter with time.
Sang-Hwan et al. (2007) a comparable observation was made and established that degrading
bacteria population increased fast during the first 30 days of 105 days experiment. However, with
time, due to soil resistant components and with less nutrients remaining, the growth of bacteria and
pesticide degradation decreased (Schaefer and Juliane, 2007). The non-significant difference in
counts as time elapsed was probably due to the depletion of these inorganic nutrients. The higher
fertility status of the Akuse series did not reflect in the total heterotroph count in the un-amended
(control) soils. This could be due to the fact that the Akuse series used had had no known history of
farming. Akuse series on amendment with CHB recorded higher bacteria population growth that
peaked at 30 days after incubation than when amended with RHB due to the higher nutrient status
of the CHB than the RHB. The heterotroph count in the Akuse upon amendment with CHB being
higher than when its Adenta counterpart was amended with the same material shows the
contribution of the native fertility of the soil medium. The vertisol has more organic carbon, total
N and available P than the Alfisol. It therefore stands to reason that upon amendment with the

same material, the Vertisol showed superior THC.

In some biochar-amended soils the rate of microbial growth increased (Pietikéinen et al., 2000;
Steiner, 2004), and in waste water (Koch et al., 1991). The pores in biochar are thought to protect

both bacteria and fungi against grazers or competitors (Ezawa et al., 2002; Thies and Rillig, 2009).

106



Thus when the soils were amended, THC was higher in the two soils than their respective

un-amended counterparts.

Even though there was an increase in counts for both pesticides, paraquat had depressive effects on
the total heterotroph count especially at high concentration of 10X the normal application rate.
However, the decline in total heterotroph count in paraquat treated soil may be due to the fact that
microbial populations were intolerant of paraquat and were susceptible to the products of
soil-herbicide interactions, which could have possibly been bactericidal or fungicidal (Taiwo and

Oso, 1997).

Some microorganisms have the ability to degrade herbicide, while others are adversely affected
depending upon the application rate/dose and type of herbicide used (Ayansina and Oso, 2006;
Sebiomo et al., 2011). Thus, the effects of herbicides on soil microbial population may be either
stimulating or depressive depending on the agrochemicals (type/formulation and concentration),
mode of application, groups of microorganisms and environmental conditions (Subhani et al.,

2000; Zain et al., 2013).

The fact that irrespective of soil type, CHB boosted the population of the heterotrophs better than
RHB when either of the two amended soils was contaminated with atrazine shows the contribution
of the superior nutritive value of CHB in bacteria growth. The lower heterotroph count in the
paraquat than the atrazine contaminated and non-significant difference in heterotroph count when
paraquat was applied to both CHB and RHB amended soils confirms depressive nature of paraquat
and suggests that higher P levels may have no effect on heterotroph count in the presence of
paraquat. This is further evident in the higher heterotroph count in the un-amended soils
contaminated with paraquat than the amended soils contaminated with the same herbicide

especially between 20 and 40 days when the population of the bacteria population should have
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peaked.

5.4  Microbial biomass carbon

Soil microbial biomass, the living portion of soil organic matter, is a mediator in alteration of
added and native organic matter and functions as a labile pool for plant - available N, P and S
(Jenkinson and Ladd, 1981). Microbial biomass activity of the soil is normally utilized in the
characterization of the microbiological status of soil (Nannipieri et al., 1990) and to establish the
influence of cultivation (Anderson and Domsch, 1993: Beyer et al., 1991) and field management

on soil microbes.

The level of variation in microbial is based on the value of organic matter inputs biomass Schnurer
et al. (1985). Though the microbial biomass content of soil is generally linked to C inputs, other
factors such as nutrient availability, moisture and temperature can adjust the development and
activity of the indigenous micro flora. The higher microbial carbon in the Akuse series than the
Adenta series irrespective of whether the soils were amended or not corroborates the higher
fertility and in particular, the higher organic carbon status of the Akuse series. With a higher
organic carbon content and a higher clay content and a higher THC, it stands to reason that the soil
has a higher microbial C. Higher level of microbial biomass C was recorded in the Akuse series
amended with CHB and contaminated with ten times the normal application rate of atrazine
because the microbes made use of the nutrients in the CHB and at the same time had an abundance

of carbon from the atrazine and these stimulated the microbial growth and degraded the atrazine.

Paraquat had N just as atrazine. However it had a detrimental effect on microbial biomass carbon
probably due to the higher chloride content than atrazine that has sterilizing effect on some

microorganisms. Similar work showed that due to the binding effect of paraquat on soil organic
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matter, the paraquat available for the microbes to degrade reduces in soil (Bollag and Lui, 1990).
Paraquat is also toxic to some microorganisms. Being cationic in nature, it can directly bind with
bacteria in the soil since most bacteria are negatively charged. This adsorption may have
deleterious effect on the microbe thus inhibiting their growth and preventing them from effectively

degrading the pesticide.

Unlike in the THC where amending the two soils with CHB did not have any effect when paraquat
was applied at both normal and 10X normal application rate, microbial biomass carbon increased
when amended with CHB and on contamination with paraquat. This could be due to the fact that
other microorganisms which are non-heterotroph were stimulated by the higher nutritional content
of the CHB accounting for the higher microbial biomass C. The fact that at the normal and 10X
application rates of paraquat on the amended soils, THC was not significantly different from the
un-amended soil but microbial biomass especially in the CHB amended soil differed and was even
higher at 10X the normal application rate gives further credence to the assertion that other
microorganisms different from the heterotrophs may have proliferated and or involved in the

degradation of paraquat.

5.5  Pesticide Degradation

Biostimulation of soil microorganisms by the addition of CHB and RHB resulted in the
degradation of the pesticide especially atrazine in the contaminated soils. This is evident in the
highest C mineralized as CO- in the two soils amended with CHB and contaminated with atrazine.
It is further corroborated by the highest mineralisation rate of 81.78 and 91.2 ug C/g soil/day in the
Akuse series amended with CHB and contaminated with atrazine at normal and 10X normal rate,
respectively. The fact that C mineralization rate was in the order of CHB > RHB > un-amended

soil, irrespective of type of herbicide used shows the positive influence of biochar in
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mineralization of C from the herbicide and also the superior quality of CHB compared to RHB in

degradation of atrazine and paraquat in a Calcicustert and a Ferric Acrisol.

The two herbicides have carbon and if same levels of CHB are applied and CO: is a product of
degradation then the treatment with the highest CO2 should be the highest in degradability. This is
further corroborated by the fact that the un-amended vertisol and Alfisol contaminated with
paraquat had the least mineralizable C. The reason for increased biodegradation of pesticide in the
amended soils as compared to the un-amended soil could be attributed to the increase in total
heterotroph counts, subsequently leading to an increase in the biodegradation of the contaminant
(atrazine and paraquat). Nutrients such as P in this study would be a very important ingredient for
successful biodegradation of pollutants (Cooney, 1984). Hence the addition of nutrients is

necessary to enhance the biodegradation of pollutants (Choi et al., 2002; Kim et al., 2004).

The atrazine content in all the treatments decreased with time; however the treatments containing
CHB had the lowest content at the end of the 90 days, thus indicating that biochar played a vital
role in the utilisation of pesticide by the microorganisms. Degradation of atrazine was higher in the
Adenta series than in Akuse series as is reflected in the lower residual atrazine concentration in the
Adenta soil than the Akuse soil despite the latter’s higher fertility. The higher residual content in
the Akuse series is attributed to its higher clay content which may have sorbed some of the
herbicide protecting it from biodegradation. Adenta with a higher sand content would be more

aerated and less adsorptive exposing the herbicide more for microbial attack.

The fact that at normal application rate of atrazine, residual atrazine levels was lowest when the
two soils were amended with RHB whereas at 10X application rate residual atrazine was lowest
when the soils were amended with CHB implies that at normal rate RHB should be the preferred

biochar type for remediation whereas at very high contaminations of atrazine the CHB could be
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employed. Conversely, excessive nutrient concentrations could hinder biodegradation activity
(Chaillan et al., 2006); and numerous works have highlighted the adverse effects of high N, P, and
K levels on the biodegradation of pesticides (Oudot et al., 1998; Chaineau et al., 2005) and more
particularly on the aromatics (Carmichael and Pfaender, 1997). Perhaps, the over seven times
higher available P in the CHB (3897 mg/kg) than the RHB (531 mg/kg) may have suppressed

degradation of atrazine at the normal application rate.

The lower residual paraquat content in the RHB soils implies that at normal application rate RHB
is a better material for bioremediation and further enforces the fact that the RHB is more effective
in biostimulating the soils at lower concentrations of the two herbicides. The fact that at 10X
higher concentration, the two biochar types did not have any effect on paraquat degradation as
residual levels in the amended soils were higher than the un-amended soil shows the depressive
nature of the herbicide. Thus the use of paraquat at very high concentrations should be

discouraged as it may persist in the soil for a long time.
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CHAPTER SIX

6.0 CONCLUSION AND RECOMMENDATION
In alleviating climate change, enhancing crop productivity, remediating polluted environment and
agricultural wastes recyclying, biochar has observed to be valuable. The benefits of biochar are
numerous, tangled and takes account of direct and indirect influences. For example, biochar has
remedial effects which aids in removal of contaminants and create a cleaner and healthier soil
which ensures the normal growth of different crops. The numerous benefits of biochar are
interconnected to each other and they would form a beneficial group when one phase is triggered.
Hence, biochar can actually be an attractive alternative in modern society to change the state of

pesticide contaminated soils which is as a result of the need to increase agriculture produce.

Biostimulation of indigenous microorganisms to enhance the degradation of atrazine and paraquat
in a Calcicustert and a Ferric Acrisol with cocoa husk and rice husk biochar charred at 350 °C
showed promising results. When the two soils were amended with cocoa husk biochar atrazine
degradation was enhanced. The biochar addition significantly stimulated the degradation of
atrazine in all the two soils used in the present study. The study revealed that at normal application
rate rice husk biochar is a better material for degradation of atrazine whereas at very high
concentrations of atrazine, cocoa husk biochar should be the preferred choice. At normal
application rate of paraquat rice husk biochar aids in bioremediation but at high concentration of
paraquat rice husk and cocoa husk biochar at 350 °C have no effect on bioremediation on Adenta
and Akuse series. The study also showed that paraquat had an adverse effect on microbial

population and activity in both Adenta and Akuse series.

Further research should be conducted:
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With soils from other ecological zone to know the effect of biochar on these soils

On the field to ascertain whether truly the biochar would enhance bioremediation of
pesticide contaminated soils. Since conditions in the greenhouse maybe different from

what pertains on the field
On field soil contaminated with cocktail of pesticides

Different feedstocks in each agroecological zone should be used, because of the

economical cost.

113



REFERENCES
Abekoe, M. K, and Sahrawat, K. L., 2001. Phosphate retention and extractability in soils of the

humid zone in West Africa. Geoderma. 102: 175-187.

Adesodun, J. K. and Mbagwu, J. S. C., 2008. Biodegradation of waste-lubricating petroleum oil in
a tropical alfisol as mediated by animal droppings. Bioresource technology. 99: (13)

5659—5665.

Adeyeye, A., and Osibango, O., 1999. Residues of organochlorine pesticides in fruit, vegetables

and tubers from Nigeria market. The Science of Total Environment, 231: 227-233.

Adhya, T.K., Wahid P.A. and Sethunathan, N., 1987. Persistence and biodegradation of selected
organiphosphorous insecticides in flooded versus non-flooded soils. Biol. Fertil. Soils.

4: 36-40.

Agusalim, M., Wani, H. U. and Syechfani, M. S., 2010. Rice Husk Biochar for Rice Based
Cropping System in Acid Soil. The Characteristics of Rice Husk Biochar and Its
Influence on the Properties of Acid Sulfate Soils and Rice Growth in West

Kalimantan, Indonesia. Journal of Agricultural Sciences. 12 (1)

Ahenkora, Y., 1997. Effective Utilization of the Vertic Soils of the Accra-Plains. Prospects,
constraints and the way forward. Inaugural Lecture, Ghana Academy of Arts and

Sciences. 26pp.

Alef, K., 1995. Estimation of Soil Respiration. In: Methods in Applied Soil Microbiology and
Biochemistry, Alef, K. and P. Nannipieri (Eds.). Academic Press, London, pp:

215-216.

114



Alexander, M., 1977. Introduction to Soil Microbiology. 2nd Edn., Wiley Eastern Ltd., New

Delhi, India.

Alexander, M., 1994. Biodegradation and Bioremediation. Academic Press, New York Pages:692.

Amoah, P., Drechsel, P., Abaidoo, R.C., Ntow, W.J., 2006. Pesticide and Pathogen contamination

of vegetables in Ghana’s urban markets. Arch. Environ. Contam.Toxicol. 50, 1-6.

Amonette, J. E. and Jospeh, S. 2009. Characteristics of Biochar: Microchemical Properties. In: J.
Lehmann, Joseph, S. (Eds.), Biochar for Environmental Management Science and

Technology. Earthscan, London.

Anderson T.H., Domsch, K.H., 1993. The metabolic quotient for CO2 (qCO) as a specific activity
parameter to assess the effects of environmental conditions, such as pH, on the

microbial biomass of forest soils. Soil Biol Biochem., 25:393—-395.

Anderson, J. M. and Ingram, J.S.I 1993. Tropical soil biology and fertility. A handbook of

methods. 2nd Ed. 221pp.

Anderson, J. R., and E. Drew. 1972. Growth characteristics of a species of Lipomyces and its

degradation of paraquat. J. Gen. Microbiol. 70:43-58.

Anderson, J.P.E. and Domsch, K.H., 1978. A physiological method for the quantitative

measurement of microbial biomass in soils. Soil Biol. Biochem., 10: 215-221.

Anderson, J.P.E. and K.H. Domsch, 1985. Maintenance carbon requirements of actively
metabolising microbial populations under in situ situations. Soil Biol. Biochem., 17:

197-203.

115



Anderson, T.H. and K.H. Domsch, 1990. Application of eco-physiological quotients (qCO2 and
gD) on microbial biomass from soils of different cropping histories. Soil Biol.

Biochem., 22: 251-255.

Andrew R.W.J, Jackson J.M. 1996. Pollution and waste management In: Environ. Sci: The Natural

environment and Human Impact, Longman Publishers Ltd pp. 281-297.

Antal Jr, M. J. and Gronli, M., 2003. The art, science, and technology of charcoal production.

Industrial and Engineering Chemistry Research 42(8): 1619-1640.

Araujo, A.S.F., Monteiro R.T.R. and Abarkeli, R.B., 2003. Effect of glyphosate on the microbial

activity of two Brazilian soils. Chemosphere, 52: 799-804.

Armstrong, D.E., and J.G. Konrad. 1974. Nonbiological degradation of pesticides. p. 123-131. In

R.C. Dinauer (ed.) Pesticides in soil and water. SSSA, Madison, WI.

Arnold J. R. and Libby W. F. 1951. Radiocarbon dates. Science 113: 111-20.

Asai, H., Samson, B. K., Stephan, H. M., Songyikhangsuthor, K., Homma, K., Kiyono, Y., Inoue
Y., Shiraiwa, T. and Horie, T. 2009. Biochar amendment techniques for upland rice
production in Northern Laos: 1. Soil physical properties, leaf SPAD and grain yield.

Field Crops Research 111, 81-84pp.

Asante, K. A. and Ntow, W. J. 2009. Status of environmental contamination in Ghana, the
perspective of a research scientist, Interdisciplinary studies on Environmental

chemistry- Environmental Research in Asia: 253-260.

Ason, B., Ababio, F. O., Boateng E. and Yangyuoru, M. 2014. Efficacy of Zytonic Soil

Conditioner on two Ghanaian Soils using Sweet Pepper and Maize as test crops in

116



Advanced Journal of Agricultural Research.Vol. 2(010), pp. 152-158.

Asuming-Brempong S, Wiafe Y and Aggrey Martin K., 2013. Nodulation of cowpea (Vigna
unguiculat [L]walp) at different levels of phosphorus in a Typic Kandiustalf.

Agricultural Science Research Journal 3(12); pp. 387- 394.

Atlas, R.M. 1984. Pathways of hydrocarbon degradation. In: Petroleum Microbiology. Macmillan

Publishing Company, New York, USA, pp. 1-15.

Atlas, R.M., D. Pramer and R. Bartha, 1978. Assessment of pesticide effects on nontarget soil

microorganisms. Soil Biol. Biochem., 10: 231-239.

Ayansina, A.D.V., Oso, B.A. 2006. Effect of two commonly used herbicides on soil micro flora at

two different concentrations. Afr. J. Biotechnol., 5(2): 129-132.

Bagreev, A., Bandoz, T.J., and Locke, D.C. 2001. Pore structure and surface chemistry of
adsorbents obtained by pyrolysis of sewage sludge-derived fertilizer. Carbon. 39:

1971-1977

Bailey G.W., White J.L., Rothberg T. 1968. Adsorption of organic herbicides by Montmorillinite:
Role of pH and chemical character of adsorbate, Soil Sci. Society of America, 32,

222-234.

Bailey, A. M. and Coffey, M. D. (1985). Biodegradation of Metalaxyl in avocado soils.

Phytopathology 74:135-137.

Baker, F. W. G. & Terry, P. J. 1991. Tropical grassy weeds. In: Chemical Control of Grassy

Weeds, Ed. Collins, S.C., CAB International, pp. 73-84.

117



Baldock, J. A. and Smernik, R. J. 2002. Chemical composition and bioavailability of thermally

altered Pinus resinosa (red pine) wood. Organic Geochemistry 33: 1093-11009.

Baldwin, B. C., M. F. Bray, and M. J. Geoghegan. 1966. The microbial decomposition of paraquat.

Biochem. J. 101:15.

Banerjee, A., Padhi S.and Adhya, T.K. 1999. Persistence and biodegradation of vinclozolin in

tropical rice soils. Pest. Sci., 55: 1177-1181.

Barathi, S. and Vasudevan, N., 2001. Utilization of petroleum hydrocarbons by Pseudomonas

fluorescence isolated from a petroleum contaminated soil. Environ Int., 26: 413-416.

Barriuso E., Laird D.A., Koskinem W.C., Dowdy R.H. 1994. Atrazine desorption from Smectites,

Soil Sci. Soc. Am. J., 58, 1632-1638.

Bates, R.G. 1954. Electrometric pH Determination. John Wiley & Sons, Inc., New York.

Battaglin, W. A., Thurman, E. M., Kalkhoff, S. J., & Porter, S. D. 2003. Herbicides and
transformation products in surface waters of the Midwestern United States. J. Am.

Water Res. Assoc., 39:743-756.

Beelen, P.V. and P. Doelman, 1997. Significance and application of microbial toxicity tests in
assessing ecotoxicological risks of contaminants in soil and sediment. Chemosphere,

34: 455-499.

Beyer W., Imlay J., Fridovich I. 1991. Superoxide dismutases. Prog. Nucleic Acid Res., 40, 221

253.

Bhadbhade B.J., Sarnaik S.S., Kanekar P.P., 2002. Bioremediation of an industrial effluent

118



containing monocrotophos. Curr. Microbiol. 45, 346-349.

Biobasics: The Science and the Issues. 9 Feb 2006.

http://www.biobasics.gc.ca/english/View.asp?x=741. Accessed 30/01/2013. Bioresource

Technology use in remediation, 101(14): 5222-5228.

Blackwell, P., Reithmuller, G. and Collins, M. 2009. Biochar application to soil, In Biochar for
Environmental Management’.(Eds J. Lehmann and S. Joseph) Earthscan: London

207-226 pp.

Blake, G.R., 1965. Bulk density. In: C.A. Black (ed.) Methods of soil analysis, Part 1, Physical and
mineralogical properties includingstatistics of measurement and sampling. No. 9,

Agronomy. Amer. Sot.of Agron., Madison, Wise p. 374-390.

Blum, W.E.H., 2005. Functions of soil for society and the environment. Rev. Environ. Sci.

Bio/Technol. 4, 75-79.

Bollag, J.M. and Liu, S.Y., 1990. Biological transformation processes of pesticides. In: Cheng,
H.H. (Ed.), Pesticides in the Soil Environment: Processes, Impacts and Modelling.

SSSA, Masison, WI, pp. 169-211.

Bouyoucos, G.J., 1962. Hydrometer method improved for making particle size analysis of soils.

Agron. J., 54: 464-465

Bracmort, K. 2010. Biochar: examination of an emerging concept to mitigate climate change,
February 1, 2010. Congressional Research Service, 7-5700, R40186, Congressional
Research Service (CRS), Report for congress, prepared for members and committees

of congress, www.fas.org/sgp/crs/misc/R40186.pdf

119


http://www.biobasics.gc.ca/english/View.asp?x=741
http://www.fas.org/sgp/crs/misc/R40186.pdf

Brammer, H. 1960. Interim Report on the Reconnaissance Soil Survey of the Accra

Brammer, H. 1962. Soils. Agriculture and land-use in Ghana. Oxford University press, London, pp

88-126.

Brammer, H. 1967. Soils of the Accra plains. Memoir No. 3, Soil Research Institute, Kumasi.

Bray, R.H. and Kurtz, L.T. 1945. Determination of total organic and available forms of

phosphorus in soils. Soil Sci. 59: 39-45.

Bremner, J. M., 1965. Total nitrogen. In methods of soil analysis, part 2 (Eds Black, C et el.,)
America society of Agronomy, Monograpy No.9, Madison, Wisconsin: p1149-1178.
Brewer, C.E., Hu Y.Y., Schmidt-Rohr, K., Loynachan, T. E., Laird, D.A., and Brown
R.C. 2012. Extent of pyrolysis impacts on fast pyrolysis biochar properties. J. Environ.

Qual. 41:1115-1122. doi:10.2134/jeq2011.0118

Briceno G, Palma G, Duran N, 2007. Influence of organic amendment on the biodegradation and

movement of pesticides. Crit. Rev. Environ. Sci. Tech 37, 233-271.

Brick, S., 2010. Biochar assessing the promise and risks to guide U.S policy. Natural Resources

Defense Council (NRDC). 1 pp.

Briggs, C.M., Breiner, J. and Graham, R.C., 2005. Contributions of Pinus ponderosa Charcoal to
Soil Chemical and Physical Properties. The ASA-CSSA-SSSA International Annual

Meetings (November 6-10, 2005), Salt Lake City, Utah, U.S.A.

Bromilow, R.H., 2003. Paraquat and sustainable agriculture. Pest. Management. Sci., 60: 340-349.

Brookes, P.C., Newcombe A.A. and Jenkinson, D.S., 1987. Adenylate energy charge

120



measurement in soil. Soil Biol. Biochem., 19: 211-217.

Brown, R., 2009. Biochar Production Technology. In: Biochar for Environmental Management:

Science and Technology (Eds. Lehmann, J. & Joseph, S.), Earthscan.

Bull, D., 1982. A growing problem; pesticides in the third world poor, OXFAM, Oxford: 192.

Burken, J. G. & Schnoor, J. L., 1997. Uptake and metabolism of atrazine by poplar trees. Environ.

Sci. & Technol., 31(5):1399-1406.

Burns, R. G., and L. J. Audus., 1970. Distribution and breakdown of paraquat in soil. Weed Res.

10:49-58.

Burns, R.G. and Edwards, J.A., 1980. Pesticide breakdown by soil enzymes. Pest. Sci., 11:

506-512.

Burns, R.G., 1975. Factors Affecting Pesticide Loss from Soil. In: Soil Biochemistry, Paul, E.A.

and A.D. McLaren (Eds.). Marcel Dekker, Inc., New York, USA., pp: 103-141.

Butcher, J.W., Kirkuel E. and Zabik, M., 1969. Conversion of DDT to DDE by Folsomia candida.

Rev. Ecol. Biol. Soil, 6: 291-298.

Cao, X., and Harris, W., 2010. Properties of dairy-manure-derived biochar pertinent to its potential
use in  remediation. Bioresource  Technol. 101(14):5222-5228. doi:

10.1016/j.biortech.2010.02.052.

Carmichael, L.M. and Pfaender, F.K. 1997. The effect of inorganic and organic supplements on
the microbial degradation of phenanthrene and pyrene in soils. Biodegradation, 8:

1-13.

121



Cerejeira, M. J, Viana, P., Batista, S., Silva E., Valerio, M. J., Silva, A, Ferreira, M. and
Silva-Fernandez, A. M., 2003. Pesticides in Portugese surface and ground waters.

37:1055-1063.

Chaillan, F., Chaineau, C.H, Point, V., Saliot, A., Oudot, J., 2006. Factors inhibiting
bioremediation of soil contaminated with weathered oils and drill cuttings.

Environmental Pollution.

Chameau C.H., Rougeux, G., Yepremian C, Oudot, J., 2005. Effects of nutrient concentration on
the biodegradation of crude oil and associated microbial populations in the soil. Soil.

Biol. Biochem., 37:1490-1497.

Chan, K. Y. and Xu, Z. 2009. Biochar: Nutrient Properties and Their Enhancement. In: Biochar for
Environmental Management: Science and Technology (Eds. Lehmann, J. & Joseph,

S.), Earthscan.

Chan, K.H. and Chu, W. 2005. Atrazine removal by catalytic oxidation processes with or
without UV irradiation Part Il: an analysis of the reaction mechanisms using

LC/ESI-tandem mass spectrometry. Appl. Catalysis B: Environ, 58, 165- 174.

Chan, K.Y., van Zwieten, B.L., Meszaros, I., Downie, D., and Joseph, S. 2007. Agronomic values
of green waste biochars as a soil amendments. Australian Journal of Soil Research, 45,

437-444.

Chen, J., Zhu, D., Sun, C., 2007. Effect of heavy metals on the sorption of hydrophobic organic
compounds to wood charcoal. Environmental Science and Technology, 41:

2536-2541.

122



Cheng, C.H., Lehmann, J. Thies, J., Burton, S. D. and Engelhard, M. H., 2006. Oxidation of black

carbon by biotic and abiotic processes. Organic Geochemistry 37: 1477-1488.

Cheng, W., Zhang Q. , Coleman D.C. , Caroll C.R. and Hoffmann C.A., 1996. Is available carbon

limiting microbial respiration in the rhizosphere? Soil Biol. Biochem., 28: 1283-1288.

Chirnside A, Ritter W, Radosevich M, 2007. Isolation of a selected microbial consortium from a
pesticide-contaminated mix-load site soil capable of degrading the herbicides atrazine

and alachlor. Soil Biol. Biochem 39, 3056-3065.

Choi, S.C., Kwon, K.K., Sohn, J.H., Kim, S.J., 2002. Evaluation of fertilizer additions to stimulate
oil biodegradation in sand seashore mescocosms. J. Microbiol. Biotechnol.

12:431-436.

Chorom, M., Sharifi, H. S. and Motamedi, H., 2010.Bioremediation of a crude oil - polluted soil by

application of fertilizers. Iran. J. Environ. Health. Sci. Eng., 7: (4) 319-326.

Clarke, E. E., Levy, L. S., Spurgeon, A. and Calvert, I. A., 1997.The problem associated with

pesticide use by irrigation workers in Ghana. Occupational Medicine 5: 301-308.

Coats. G. E.; Fundetburk. H. H.; Lawrence. J. M.; Davis, D. E., 1964. Persistence of diquat and

paraguat in pools and ponds. Proc. Southern Weed Con. 17.308-315.

Collison, M., Collison, L., Sakrabani, R., Tofield, B. and Wallage, Z., 2009. Biochar and Carbon
Sequestration: A Regional Perspective; A report prepared for East of England
Development Agency, Norwich, UK: Low Carbon Innovation Centre, University of

East Anglia, April 2009, www.uea. ac.uk/Icic/Biochar.

Cooney, J.J. 1984. The fate of petroleum pollutants in freshwater ecosystems. In Atlas (Ed),

123


http://www.uea/

Petroleum Microbiology, Macmillan Publishing Company, New York, pp355-398.

Cork, D.J. and Krueger J.P., 1991. Microbial transformation of herbicides and pesticides. Adv.

Applied Microbiol., 36: 1-66.

Cunha, T. J. F., Madari, B. E., Canellas, L.P., Ribeiro, L., de Melo B. V., de Araujo S. G., 20009.
Soil organic matter fertility of the anthropogenic dark earths (Terra Preta de Indio) in

the Brazilian Amazon basin. Revistas Brasileira de Ciencia desolo, 33:85-93.

Darko, D.A., 2007. Synchronizing N released from plant residues and maize uptake: The effect of
residue type, application method and soil moisture. M.Phil Dissertation, University of

Ghana legon, Accra.

Davies, R. 2007. Biochar/Agri-char /Terra Preta: Its potential use for carbon sequestration,
improve soil fertility and sustainable (carbon-negative) energy production and poverty

reduction.

Day, P.R. 1965. Particle and particle size analysis. In: Methods of soil analysis, Part I. Black C.A.

(ed). Agronomy, Madisson Wisconsin. 545-567.

De Gryze, S., Cullen, M., Durschinger, L., Lehmann, J., Bluhm, D., and Six, J., 2010. Evaluation
of opportunities for generating carbon offsets from soil sequestration of biochar. In:
An issue paper commissioned by the Climate Action Reserve, final version, April;
2010, http://lwww.terraglobalcapital.com/ press/Soil Sequestration Biochar Issue

Paperl.pdf.

De Schrijver A, and De Mot R, 1999. Degradation of pesticides by actinomycetes, Crit. Rev.

Microbiol 25, 85-119

124



Demirbas, A. 2004. Effects of temperature and particle size on bio-char yield from pyrolysis of

agricultural residues. Journal of Analytical and Applied Pyrolysis 72(2): 243-248.

Demirbas, A. 2006. Production and characterization of bio-chars from biomass via pyrolysis.
Energy Sources Part A, 28: 413-422. Dibble, J. T., and Bartha, R. 1979. Effect of
environmental parameters on the biodegradation of oil sludge. Appl. Environ.

Microbiol., 37:729-7309.

Dinham, B. 2003. Growing vegetables in developing countries for local urban populations and
export markets: problems confronting small-scale producers. Pesticide Management
Science 59: 575-582. Dole, M. 1941. The Glass Electrode. John Wiley & Sons, Inc.,

New York.

Domi’guez, A., Mene'dez, J.A., Inguanzo, M., and P1’, J.J., 2006.Production of bio-fuels by high
temperature pyrolysis of sewage sludge using conventional and microwave heating.

Bioresour. Technol. 97 (10): 1185-1193.

Domsch, K.H., 1984. Effect of pesticides and heavy metals on biological processes in soil. Plant

Soil, 76: 367-378.

Doran, J.W. and T.B. Parkin, 1994. Defining and Assessing Soil Quality. In: Defining Soil Quality
for a Sustainable Environment, Doran, J.W., D.C. Coleman, D.F. Bezdicek and B.A.

Stewart (Eds.). Soil Science Society of America, Madison, WI., USA., pp: 3-21.

Dos Santos Silva, M., Cocenza, D.S., Grillo, R., de Melo, N.F.S., Tonello, P.S., de Oliveira, L.C.,
Cassimiro, D.L., Rosa, A.H. and Fraceto, L.F., 2011. Paraquat-loaded

alginate/chitosan nanoparticles: Preparation, characterization and soil sorption studies.

125



Journal of hazardous materials, 190(1), pp.366-374.

Dos Santos, L.B.1, Abate G, Masini J.C., 2004. Determination of atrazine using square wave
voltammetry with the Hanging Mercury Drop Electrode (HMDE). Talanta 62:

667-674.

Downie, A., Crosky, A. and Munroe, P., 2009. Physical properties of biochar. In: Biochar for
Environmental Management: Science and Technology (Eds. Lehmann, J. & Joseph,

S.), Earthscan.

Dowuona, G. N. N., 1985. Correlation of Ghanaian system of soil classification with other
international systems. Msc. Thesis. Dept. of Soil Science, University of Ghana, Legon,

Accra 220pp.

Dowuona, G. N. N., Atwere, P, Dubbin, W., Nude, Prosper. M., Mutala, Baba E., Nartey, Eric K.,
Heck, Richard J., 2012. Characteristics of termite mounds and associated acrisols in
the coastal savanna zone of Ghana and impact on hydraulic conductivity. Natural

Science, 4: 423-437.

Dowuona, G.N.N., Adjetey, E.T., Nartey, E.K., Adjadeh, T.A., and Heck, R., 2011. Carbon
accumulation and aggregate stability in an acrisol under different fallow management

in Ghana. Journal of Soil Science and Environmental Management 2(12), 393-403.

Duah-Yentumi, S. and Johnson D.B., 1986. Changes in soil microflora in response to repeated

applications of some pesticides. Soil Biol. Biochem., 18: 629-635.

Duku, M. H., Sai Gua, Essel Ben Hagan, 2011. Biochar production potential in Ghana—A review

Renewable and Sustainable Energy Reviews, 15: 3539— 3551.

126



EEA, 2005. The European Environment — State and Outlook 2005. European Environment

Agency, Copenhagen, p. 584.

Elad, Y., Dalia, R., David, Y., Meller, H., Menahem, B., Ben, K. H., Avner, S. and Ellen, R. G,
2010. Introduction of systemic resistance in plants by biochar, a soil-applied carbon

sequestering agent. Phytopathology

El-Bestawy E, Saber J, Mansy AH, Zabermawi N. 2013 Isolation, identification and
acclimatization of Atrazine-resistant soil bacteria. Annals of Agricultural Science 58:

119-130.

Eldridge, J.C., Wetzel, L.T. and Tyrey, L., 1999. Estrous cycle patterns of Sprague- Dawley rats

during acute and chronic atrazine administration. Reprod. Toxicol., 13(6):491-499.

Entry, J.A., Donelly P.K. and Emmingham, W.H., 1994. Microbial mineralization of atrazine and
2,4-dichlorophenoxyacetic acid in riparian pasture and forest soils. Biol. Fertil. Soils,

18: 89-94.

Essays, UK. 2013. Factors Affecting Cation Exchange Capacity Environmental Sciences Essay.
Accessed on 15" July, 2014, from

http://www.ukessays.com/essays/environmental-sciences/factors-affecting-cation-exc

hange-capacity-environmental-sciences-essay.php?cref=1

Esser, H.D., G. Dupuis, E. Ebert, C. Vogel and G.J. Marco. 1975. S-triazines. In P.C. Kearney and
D.D. Kaufman (eds) Herbicides-Chemistry, Degradation and Mode of Action. Vol. 1.

M. Dekker, New York, NY.

Evangelou, V.P. 1998. Environmental Soil and Water Chemistry: Principles and Applications.

127


http://www.ukessays.com/essays/environmental-sciences/factors-affecting-cation-exchange-capacity-environmental-sciences-essay.php?cref=1
http://www.ukessays.com/essays/environmental-sciences/factors-affecting-cation-exchange-capacity-environmental-sciences-essay.php?cref=1

Willey and Sons Inc. New York, 564pp.

Ezawa, T., Yamamoto, K. and Yoshida, S., 2002. Enhancement of the effectiveness of indigenous
arbuscular mycorrhizal fungi by inorganic soil amendments. Soil Science and Plant

Nutrition 48:897-900.

Eze, P.N. 2008. Characterisation, Classification and pedogenesis of Soils on a Legon Catena, in

the Accra plains, Ghana. Mphil thesis, University of Ghana, Legon, Accra.

Farmer, V.C. and R.I. Morrison, 1964. Lignin in sphagnum and phragmites and in peats derived

from these plants. Geochim. Cosmochim. Acta, 28: 1537-1546.

Figueira, A., Janick, J., and BeMiller, J.N. 1993. New products from Theobroma cacao: Seed pulp
and pod gum. p. 475-478. In: J. Janick and J.E. Simon (eds.), New crops. Wiley, New

York.

Focant, G. 2001. Pesticides and the third world. Journal of Toxicology and Environmental Health

32:11-31.

Fogarty, A., and Tuovinen, O. 1991. Microbiological degradation of pesticides in yard waste

composting. Microbiol. Rev. 55: 225-233.

Forsyth, J.V., Tsao, Y.M. and Blem, R.D., 1995. Bioremediation: when is augmentation needed?
In Hinchee, R.E. et al. (eds) Bioaugmentation for Site Remediation. Battelle Press,

Columbus, OH, pp1-14.

Friedl, A., Padouvas, E., Rotter, H., Varmuza, K., 2005. Prediction of heating values of biomass

fuel from elemental composition. Analytica Chimica Acta 544: 191-198.

128



Frimpong—Manso, J., Obodai, M., Dzomeku, M., Apertorgbor, M.M., 2011. Influence of rice husk
on biological efficiency and nutrient content of Pleurotus ostreatus (Jacg. ex. Fr.)

Kummer. Int. Food Res. J., 18, 249-254.

Funderburk, H. H., and G. A. Bozarth. 1967. Review of the metabolism and decomposition of

diguat and paraquat. J. Agric. Food Chem. 15:563-568.

Fushimi, C., Araki, K., Yamaguchi, Y., Tsutsumi, A., 2003. Effect of heating rate on steam
gasification of biomass 2. Thermo gravimetric-mass spectrometric (TG-MS) analysis

of gas evolution. Industrial & Engineering Chemistry Research, 42:3929-3936.

GAIN, 2011.Global Agriculture Information Network. Annual report of grain and feed marketing
and production in Ghana, 2010-2011 compiled by Marcela Rondon and Elmasoeur

Ashitey in Accra.

Gaji¢, A. and Koch, H. J. 2012. Sugar beet (Beta vulgaris L.) growth reduction caused by
hydrochar is related to nitrogen supply. J. Environ. Qual. 41:1067-1075pp.

doi:10.2134/jeq2011.0237.

Gaskin, J.W., Steiner, C., Harris, K., Das, K. C. and Bibens, B. 2008. Effect of low-temperature
pyrolysis conditions on biochar for agricultural use. Transactions of the ASABE

51(6): 2061-2069.

Getzin, L.W., 1981. Dissipation of chlorpyriphos from dry soil surfaces. J. Econ. Entomol., 74:

707-713.

Ghani, A., Wardle, D.A., Rahman A. and Lauren, D.R., 1996. Interactions between *C labeled

atrazine and the soil microbial biomass in relation to herbicide degradation. Biol.

129



Fertil. Soils, 21: 17-22.

Glaser, B., Guggenberger, G. and Zech, W. 2004. Identifying the Pre-Columbian anthropogenic
input on present soil properties of Amazonian Dark Earth (Terra Preta). In: Glaser, B.,
and Woods, W. (Eds.) Amazonian Dark Earths: Explorations in Space and Time.

Springer, Heidelberg, 215 pp.

Glaser, B., Haumaier, L., Guggenberger, G. and Zech, W. 2001. The "Terra Preta’ phenomenon: a

model for sustainable agriculture in the humid tropics, Naturwissenschaften 88: 1pp

Glaser, B., Lehmann, J. and Zech, W. 2002. Ameliorating physical and chemical properties of
highly weathered soils in the tropics with charcoal —Are view’ Biology and Fertility of

Soils 35, 219-230pp.

Gray, T.R.G., 1990. Methods for Studying the Microbial Ecology of Soil. In: Methods in
Microbiology, Grigorova, R. and J.R. Norris (Eds.). Academic Press, London, PP:

309-342.

Gregorich, E.A., Carter, M.A., Augers, D.A., Monreal, C.M. and Ellert, B.H., 1994. Towards a
minimum dataset to assess soil organic matter quality in agricultural soils. Can. J. Soil

Sci., 74: 367-385.

Guimarées, P.R., 2010. Improving the analyses of nestedness for large sets of matrices.

Environmental Modelling and Software. 21: 1512-1513.

Gupta, S. and Gajbhiye, V.T., 2002. Effect of concentration, moisture and soil type on the

dissipation of flufenacet from soil. Chemosphere, 47: 901-906.

Hafez, H.F.H. and Thiemann, W.H.P., 2003. Persistence and biodegradation of diazinone and

130



imidacloprid in soil. Proceedings of the XII Symposium Pest Chemica Congress,

(PCC'03), Centre Universita Cattolica, Piacenza, pp: 35-42.

Héaggblom, M., 1991. Microbial breakdown of halogenated aromatic pesticides and related

compounds, FEMS Microbiol. Rev. 103: 29-71.

Héaggblom, M.1991. Microbial breakdown of halogenated aromatic pesticides and related

compounds, FEMS Microbiol. Rev. 103, 29-71.

Harris, P. J. F. 1997. Structure of non-graphitising carbons. International Materials Reviews 42

(5): 206-218.

Harris, P. J. F., and Tsang, S. C., 1997. High resolution of electron microscopy studies of

non-graphitizing carbons. Philosophical Magazine A 76 (3): 667-677.

Hass, A. J. Gonzalez, M., Lima, I.M., Godwin, H.W., Halvorson, J.J. and Boyer, D.G. 2012.
Chicken manure biochar as liming and nutrient source for acid Appalachian soil. J.

Environ. Qual. 41:1096-1106.d0i:10.2134/jeq2011.0124

Hicks, R.J., Stotzky, G. and Voris, P.V., 1990. Review and evaluation of the effects of xenobiotic

chemicals on microorganisms in soil. Adv. Applied Microbiol., 35: 195-253.

Hills, I. R., and. Arnold, D. J, 1978. Transformations of pesticides in the environment-an
experimental approach. In I. R. Hill and S. J. L. Wright (ed.), Pesticide microbiology:
microbiological aspects of pesticide behavior in the environment. Academic Press,

Inc. (London), Ltd., London. 203-238

Hodson, M.E., 2010. The need for sustainable soil remediation. Elements 6: 363—368.

131



Hossain, M.K., Strezov, V., Chan, K.Y., and Nelson, P.F. 2010. Agronomic properties of
wastewater sludge biochar and bioavailability of metals in production of cherry tomato

(Lycopersicon esculentum). Chemosphere 78 (9): 1167-1171.

Hossain, M.K., Strezov, V., Chan, K.Y., Ziolkowski, A., and Nelson, P.F. 2011. Influence of
pyrolysis temperature on production and nutrient properties of wastewater sludge

biochar. J. Environ. Manage. 92 (1), 223-228.

Hounout, S., Barriuso, E., Berheaud, V., 1998. Modifications to atrazine degradation pathways in
a loamy soil after the addition of organic amendments. Soil Biol. Biochem., 30, 2147 —

2157.

Hutchinson, G.L, and Mosier, A.R. 1981. Improved soil cover method for field measurement of

nitrous oxide fluxes. Soil Science Society of America Journal, 45, 311-316.

Hwang, I.H., Ouchi, Y., and Matsuto, T., 2007. Characteristics of leachate from pyrolysis residue

of sewage sludge. Chemosphere 68 (10): 1913-1919.

ljah, U.J.J. and Antai, S. P., 2003. The potential use of chicken-drop micro-organisms for oil spill

remediation. Environmentalist, 23: ( 1) 89-95.

Insam, H. and K.H. Domsch, 1988. Relationship between soil organic carbon and microbial

biomass on chronosequences of reclamation sites. Microb. Ecol., 15: 177-188.

Ippolito, J.A., Novak, J.M., Busscher , W.J., Ahmedna M., Rehrah D., and Watts D.W., 2012.
Switchgrass biochar affects two Aridisols. J. Environ. Qual. 41:1123-1130.

doi:10.2134/jeq2011.0100.

Jenkinson, D. S. and J. N. Ladd. 1981. Microbial biomass in soil: Measurement and turnover. p.

132



10, 243-248. 415-471. In E. A. Paul and J. N. Ladd (eds.), Soil Biochemistry, Volume

5. Marcel Dekker, New.

Johnsen, K., C.S. Jacobsen, V. Torsvik and J. Sorensen, 2001. Pesticide effects on bacterial

diversity in agricultural soils-a review. Biol. Fertil. Soils, 33: 443-453.

Jones, J.W., Koo, J., Naab, J.B., Bostick, W.M., Traore, S., and Graham, T., 2006.Integrating
stochastic models and in situ sampling for monitoring soil carbon sequestration. Agric.

Systems 94, 52-62.

Jones, W.J. and Ananyeva, N.D., 2001. Correlations between pesticide transformation rate and
microbial respiration activity in soil of different ecosystems. Biol. Fertil. Soils, 33:

477-483.

Joo, H. S., Shoda, M and Phae, C. G. 2007. “Degradation of diesel oil in soil using a food waste

composting process,” Biodegradation, vol. 18, no. 5, pp. 597-605.

Kah, M. and Brown, C. D. 2007. Changes in pesticide adsorption with time at high soil to solution

ratios. Chemosphere, 68 (7): 1335-1343.

Kameyama, K., Miyamoto, T., Shiono, T. and Shinogi, Y., 2012. Influence of sugarcane
bagasse-derived biochar application on nitrate leaching in calcaric dark red soil. J.

Environ. Qual. 41:1131-1137 (this issue).doi:10.2134/jeq2010.0453

Karpouzas, D.G., Walker, A., Williams, R.J.F. and Drennan, D.S., 1999. Evidence for the
enhanced biodegradation of ethoprophos and carbofuran in soils from Greece and the

UK. Pest. Sci., 55: 301-311.

Khoiroh LM (2008) Skripsi : Efektifitas Koagulasi lon Paraquat (1,1-Dimetil,4,4-Bipiridilium)

133



Menggunakan Biji Kelor (Moringa Oleifera Lamk). Malang.

Kim, S., Choi D.H., Sim, D.S. and Oh, Y., 2004. Evaluation of bioremediation effectiveness on

crude oil-contaminated sand. Chemosphere, 59(6):845-852.

Kimetu, J.M., Lehmann, J., Ngoze, S. O., Mugendi, D. N., Kinyangi, J. M., Riha, S., Verchot, L.,
Recha, J. W., and Pell, A. N., 2008. Reversibility of soil productivity decline with
organic matter of differing quality along a degradation gradient. Ecosystems 11(5):

726-739.

Kloss, S., Zehetner, F., Dellantonio, A., Hamid, R., Ottner, F., Liedtke, V., Schwanninger, M.,
Gerzabek, M. H. and Soja, G. 2012. Characterization of slow pyrolysis biochars:
Effects of feedstocks and pyrolysis temperature on biochar properties. J. Environ.

Qual. 41:990-1000. doi:10.2134/jeq2011.0070.

Knight. B. A. G.; Denny. P. J. ,1970. The interaction of paraquat with soil: adsorption by an

expanding lattice mineral clay. Weed Res. 10.40-48.

Koch, B., Ostermann, M., Hoke, H., and Hempel, D.C., 1991. Sand and activated carbon as
biofilm carriers for microbial degradation of phenols and nitrogen-containing aromatic

compounds. Water Research 25: 1- 8.

Kolpin, D.W., Thurman E.W., Lungart, S.M., 1998. The environmental occurrence of herbicides:
the importance of degradates in ground water. Bull. Envrwn. Contam. Toxico

1.35:385-390.

Kross, B.C., Vergara, A., Raue, L.E. 1992. Toxicity assessment of atrazine, alachlor, and

carbofuran and their respective environmental metabolites using Microtox. J. Toxicol.

134



Environ. Health, 37, 149-59.

Ladd, J.N. and Amato, M., 1989. Relationship between microbial biomass carbon in soils and

absorbance of extracts of fumigated soils. Soil Biol Biochem. 21: 457- 59.

Leahy, J.G. and Colwell, R.R., 1990. Microbial Degradation of hydrocarbons in the environment.

Microbial Reviews, 53(3), 305-315.

Lee, K., Tremblay, G.H., Gauthier, J., Cobanli, S.E. and Griffin, M., 1997. International Oil Spill

Conference, American Petroleum Institute, Washington, DC. pp. 697-704.

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

Lehmann, J., Gaunt, J., and Rondon, M. 2006. Bio-char sequestration in terrestrial ecosystems—A

review. Mitig. Adapt. Strateg. Glob. Change 11(2): 403-427.

Lehmann, J., Kern, D.C., Glaser, B., and Woods, W.I. 2003. Amazonian Dark Earths: Origin,

Properties and Management. Kluwer Academic Publishers, The Netherlands.

Lehmann, J., Rillig, M. C., Thies, J., Masiello, C. A., Hockaday, W. C., and Crowley, D. 2011.

Biochar effects on soil biota, A review. Soil Biol. Biochem., 43: 1812-1836.

Lentz, R.D., and Ippolito, J. A. 2012. Biochar and manure affect calcareous soil and corn silage
nutrient  concentrations and uptake. J. Environ. Qual. 41:1033-1043.

doi:10.2134/jeq2011.0126

Lerch, R.N., and Li, Y.X. 2001. Analysis of hydroxylated atrazine degradation products in soils.

Int. J. Environ. Anal. Chem. 79:167-183.

Li, R.; Wen, B.; Zhang, S.; Pei, Z. & Shan, X. 2009. Influence of organic amendments on the

135



sorption of pentachlorophenol on soils. Journal of Environmental Sciences, Vol 21,

No.4: 474-480, ISSN 1001-0742

Liang, B., Lehmann, J., Solomon, D., Kinyangi, J., Grossman, J., O’Neill, B., Skjemstad, J.O.,
Thies, J., Luizdo, F.J., Petersen, J., and Neves, E.G., 2006. Black carbon increases
cation exchange capacity in soils. Soil Science Society of America Journal 70(5):

1719-1730.

Lima, I. M. and Marshall, W. E., 2005. Granular activated carbons from broiler manure: physical,

chemical and adsorptive properties. Bioresource Technology 96: 699-706.

Lin, C.H., Lerch, R.N., Kremer, R.J, Garrett, H.E., Udawatta, R.P., and George M.F. 2005. Soil
microbiological activities in vegetative buffer strips and their association with
herbicides degradation. p. 1-10. Moving agroforestry into the mainstream: Proc. Of
the 9th Conf. on Agroforestry in North America, 12-15 June 2005. Dep. of Forest

Resources, Univ. of Minnesota, St. Paul.

Loganathan, V. A.; Feng, Y.; Sheng, G. D. & Clement, T. P. (2009). Crop-residue derived char
influences sorption, desorption and bioavailability of atrazine in soils. Soil Science

Society of America Journal, 73(3): 967-974, ISSN 0361-5995

Loganathan, V. A.; Feng, Y.; Sheng, G. D. & Clement, T. P. 2009. Crop-residue derived char
influences sorption, desorption and bioavailability of atrazine in soils. Soil Science

Society of America Journal, Vol. 73, No. 3: 967-974, ISSN 0361-5995

Lu, H., Zhang, W., Yang, Y., Huang, X., Wanga, S. and Qiu. R. 2011. Relative distribution of Pb

2* sorption mechanisms by sludge-derived biochar. Water research 46: 854 -862.

136



Ma'Y, Hu H, Berrebi A.S., Mathers, P.H. and Agmon A., 2006. Distinct subtypes of somatostatin
containing neocortical interneurons revealed in transgenic mice. J. Neurosci. 26:5069

—5082.

Major J, Steiner C, Downie A, Lehmann J., 2009. Biochar effects on nutrient leaching. In
Lehmann J, Joseph S, editors. Biochar for environmental management: Science and

Technology. pp. 271-287.

Major, J., Lehmann, J., Rondon, M. & Goodale, C., 2010. Fate of soil-applied black carbon:
downward migration, leaching and soil respiration. Global Change Biology 16(4):

1366-1379.

Marris, E., 2006. Putting the carbon back: black is the new green, Nature, 442, 624-626.

Matsumara, F. and Boush, G.M., 1971. Metabolism of Insecticides by Microorganisms. In: Soil
Biochemistry, McLaren, A.D. and J. Skujins (Eds.). Vol. 2, Marcel Dekker, Inc., New

York, USA. pp: 320-336.

McCall, P.1., D.A. Laskowski, R.L. Swann and H.I. Dishburger. 1980. Measurement of sorption
coefficients of organic chemicals and their use in environmental fate analysis. In Test
Protocols for Environmental Fate and Movement of Toxicants. Association of Official

Analytical Chemistry. Arlington, VA.

McClellan, T., Deenik, J., Uehara, G. and Antal. M., 2007. Effects of flashed carbonized
macadamia nutshell charcoal on plant growth and soil chemical properties. November
6, 2007, ASA-CSSA-SSA International Annual Meetings, New Orleans, Louisiana.

http://ac-s.confex.com/crops/2007am/ techprogram/P35834. HTM.

137



McLaughlin, H., 2010. Biochar and energy linkages. In: Biochar and energy co-products,
Assessment of biochar’s benefits for the United States of America, June 2010,

U.S.-focused biochar report, www.biochar-us.org/pdf%20files/biochar report

lowres.pdf.

Mench, M., Lepp, N., Bert, V., Schwitzguébel, J.-P., Gawronski, S.W., Schoder, P.,
Vangronsveld, J., 2010. Successes and limitations of phytotechnologies at field scale:
outcomes, assessment and outlook from COST action 859. Journal of Soils and

Sediments 10: 1039-1070.

Mielke, H.W., Wang, G., Gonzales, C.R., Powell, E.T., Le, B. and Quach, V.N., 2004. PAHs and
metals in soils of inner-city and suburban New Orleans, Louisiana, USA. Environ.

Toxicol. Pharmaco. 18: 243-247.

Miller, G. T., 2002. Living in the Environment. 12th Edition. Praeger Publishers, London.

Moorman, T.B. and Harper, S.S., 1989. Transformation and mineralization of metribuzin in
surface and subsurface horizons of a Mississippi Delta soil. J. Environ. Qual., 18:

302-306.

Moreau-Kervevan C., Mouvet C. 1998. Adsorption and desorption of atrazine, deethylatrazine,

and hydroxyatrazine by soil components, J. Environ. Qual., 27, 46-53.

Murphy, J. and Riley, J.P. 1962. A modified method single solution for determination of

phosphate in natural water. Acta Journal of Analytical Chemistry. 27:31-36.

Nair, D.R. and J.L.Schnoor, 1994. Effect of soil conditions on model parameters and atrazine

mineralisation rates. Water Res., 28: 1199-1205.

138


http://www.biochar-us.org/pdf%20files/biochar%20report%20lowres.pdf
http://www.biochar-us.org/pdf%20files/biochar%20report%20lowres.pdf

Nannipieri, P., S. Grego and B. Ceccanti, 1990. Ecological Significance of the Biological Activity
in Soil. In: Soil Biochemistry, Bollag, J.M. and G. Stotzky (Eds.). Vol. 6, Marcel

Dekker, New York, pp: 293-355.

Nester, E. W., Denise, G., Anderson, C., Evans R. Jr., Nancy N. P. and Martha T. N. 2001.

Microbiology: A Human Perspective. 3rd ed. New York: McGraw-Hill.

Novak, J.M., Lima, I., Xing, B., Gaskin, J.W. Steiner, C., Das, K.C., Ahmedna, M., Rehrah, D.,
Watts, D.W., Busscher, W.J. and Schomberg, H. 2009. Characterization of designer
biochar produced at diff erent temperatures and their eff ects on a loamy sand. Ann.

Environ. Sci. 3:195-206pp.

Ntow, W. J. (2005): Pesticide residues in Volta Lake, Ghana. Lakes & Reservoirs: Res. and Mgt.,

Ntow, W. J. 2005: Pesticide residues in Volta Lake, Ghana. Lakes & Reservoirs: Res. and Mgt.,

obtained by pyrolysis of sewage sludge-derived fertilizer’, Carbon 39: 1971-79.

Ntow, W.J 2001. Organochlorine pesticide in water, sediments, crops and human fluids in a
farming community in Ghana. Archive. Environmental Contamination and

Toxicology: 557-563.

Ntow, W.J., Gijzen, H.J., Drechsel, P. 2006. Farmer perceptions and pesticide use practices in

vegetable production in Ghana. Pesticide Management and Science 62 (4):356-365.

Odum, E. 1969. The strategy of ecosystem development. Science 164, 262 - 270.

Office of Technology Assessment, (OTA). 1991. Bioremediation of Marine Oil Spills: An

Analysis of Oil Spill Response Technologies, OTA-BP-0O-70, Washington, DC.

139



Ogawa, M., Okimori, Y., and Takashi, F. 2006. Carbon sequestration by carbonisation of biomass
and forestation: three case studies. Mitigation and Adaptation Strategies for Global

Change; 11:421-36.

Oguntunde PG, Fosu M, Ajayi AE, van de Giesen N. 2004. Effects of charcoal production on

maize yield, chemical properties and texture of soil. Biology Fertility Soils; 39:295-9.

Oguntunde, PG, Abiodun, BJ, Ajaji, AE & van de Giesen, N 2008, ‘Effects of charcoal production
on soil physical properties in Ghana’, Journal of Plant Nutrition and Soil Science 171:

591-96.

Ohya, H., S. Fujiwara, Y. Komai and M. Yamaguchi, 1988. Microbial biomass and activity in

urban soils contaminated with Zn and Pb. Biol. Fertil. Soils, 6: 9-13.

Olsen, S.R. and Watanabe, F.S. (1965). Test of an ascorbic acid method of determining

phosphorus in water and extracts from the soil. Soil Sci. Am. Proc. 26:677-678.

Osafo, S. and E. Frempong .1998: Lindane and endosulfan residues in water and fish in the

Ashanti

Oudot, J., Merlin, F.X. and Pinvidic, P. 1998. Weathering rates of oil components in a

bioremediation experiment in estuarine sediments. Mar. Environ. Res., 45: 113-125.

Owen, W.J. 1989. Metabolism of herbicides-detoxification as a basis of selectivity. In A.D. Dodge
(ed.) Herbicide and plant metabolism. Cambridge Univ. Press, Melbourne, Australia.

p. 171-185.

Pal, R., Chakrabarti, K., Chakraborty, A. and Chowdhury, A., 2005. Degradation of pencycuron in

soil effect of application rate and soil conditions. Pest Manage. Sci., 61: 1220-1223.

140



Pankhurst, C.E., Hawke, B.A., McDonald, H.J, Kirby, C.A. and Buckerfield, J.C., etal., 1995.
Evaluation of soil biological properties as potential bioindicators of soil health. Aust.

J. Exp. Agric., 35: 1015-1028.

Parra J.L., Graham CC, Freile JF. 2004. Evaluating alternative data sets for ecological niche

models of birds in the Andes. Ecography.27: 350-360.

Patrick, W. H., Jr. and DeLaune,R. D. 1977. Chemical and biological redox systems affecting

nutrient availability in coastal wetlands. Geosci. Man., 18:131-137.

Perucci, P., Dumontet, S., Bufo, S.A., Mazzatura, A. and Casucci, C., 2000. Effects of organic
amendment and herbicide treatment on soil microbial biomass. Biol. Fertil. Soils, 32:

17-23.

Perucci, P., Vischetti, C. and Battistoni, F., 1999. Rimsulfuron in a silty clay loam soil effects upon
microbiological and biochemical properties under varying microcosm conditions. Soil

Biol. Biochem., 31; 195-204.

Pietikainen, J., Kiikkila, O. & Fritze, H., 2000. Charcoal as a habitat for microbes and its effect on

the microbial community of the underlying humus. OIKOS 89: 231-42.

Plains, Technical Report No. 42 (Draft) Scientific Services Div. Ghana Min. of Food & Agric.

Ponnamperuma, F.N., 1972. The chemistry of submerged soils. Adv. Agron., 24: 29-97.

Prakash, N.B. and Devi, L.S., 2000. Persistence of butachlor in soils under different moisture

regime. J. Ind. Soc. Soil Sci., 48: 249-256.

Prince, R.C. 1993. Petroleum spill bioremediation in marine environments. Critical Rev.

141



Microbiol.,19, 217-242.

Quayle, W. C. 2010. Biochar potential for soil improvement and soil fertility. In: IREC Farmers
Newsletter, Large  Area No. 182: Autumn; 2010, WWW.irec.

org.au/farmer./Biochar%20 a%20means%200f%20storing%20carbon.pdf.

Racke, K.D., Skidmore, M.W., Hamilton, D.J., Unsworth, J.B., Miyamoto, J. and Cohen, S.J.,

1997. Pesticide fate in tropical soils. Pure Applied Chem., 69: 1349-1371.

Repto, R., and Balige, S. S., 1996. Pesticides and immune system. The public health risk. World
Resource Institute, Washington. Residues in foodstuffs from Australia, Papua New

Guinea and Solomon Island Contamination

Ribeiro, A. B., Rodriguez-Maroto, J. M., Mateus, E.P., Gomes, H., 2005. Removal of organic
contaminants from soils by an electrokinetic process: the case of atrazine.

Experimental and modeling. Chemosph., 59, 1229-1239.

Richard, J.Y. and Vogel, T.M., 1999. Characterization of a soil bacterial consortium capable of

degrading diesel fuel. Int. Biodet. Biod. 44:93-100.

Riley, D., W. Wilkinson, and Tucker B. V., 1976. Biological unavailability of bound paraquat

residues in soil. ACS (Am.Chem. Soc.) Symp. Ser. 29:301-352.

Roy W.R. and Krapac I.G. 1994. Adsorption and desorption of atrazine and deethylatrazine by low

organic carbon geological materials, J. Environ. Qual., 23, 549.

Roy, S., Labelle, S., Mehta, P., Mihoc, A.,Fortin, N., Masson, C., Leblanc, R., Chateauneuf,
G.,Sura, C., Gallipeau, C., Olsen, C., Delisle, S., Labrecque, M. and Greer, C.W. 2005.

Phytoremediation of heavy metal and PAH-contaminated brownfield sites. Plant Soil.

142



272: 2717-290.

Saito, M., and Marumoto, T., 2002. Inoculation with arbuscular mycorrhizal fungi: the status quo

in Japan and the future prospects. Plant and Soil 244: 273-279.

Sang-Hwan, 1., Seokho, 1., DaeYaeon, K. and Jeong-gyu, K., 2007. Degradation characteristics of

waste lubricants under different nutrient condition. J. Hazard. Mater, 143: 65-72.

Sattler, C., Ké&chete, H., and Verch, G., 2006. Assessing the intensity of pesticide use in

Agriculture. Agriculture Ecosystems and Environment. Pp.46-49

Schaefer, M., and Juliane, F. 2007. The influence of earthworms and organic additives on the

biodegradation of oil contaminated soil. Appl. Soil Ecol. 36, 53-62.

Schiavon, M. 1988. Studies of the leaching of atrazine, of its chlorinated derivatives, and of
hydroxyatrazine from soil using **C ring-labeled compounds under outdoorconditions.

Ecotoxicol. Environ. Saf. 15:46-54.

Schmidt, M. W. 1., and Noack, A. G., 2000. Black carbon in soils and sediments: Analysis,
distribution, implications and current challenges. Glob. Biogeochem. Cycle 14: 777—

793.

Schnell, R.W., Victor D.M., Provin, T.L. Munster, C. L. and Capareda, S., 2012. Capacity of
biochar application to maintain energy crop productivity: Soil chemistry, sorghum
growth, and runoff water quality effects. J. Environ. Qual. 41:1044-1051.

doi:10.2134/jeq2011.0077

Schnitzer, M.1., Monreal, C.M., Facey, G.A., and Fransham, P.B., 2007. The conversion of

chicken manure to biooil by fast pyrolysis I. Analyses of chicken manure, biooils and

143



char by *C and 1H NMR and FTIR spectrophotometry. Journal of Environmental
Science and Health, Part B: Pesticides, Food Contaminants and Agricultural Wastes

42 (1): 71-77.

Schnurer J., Clarholm M., Rosswall T., 1985. Microbial biomass and activity in agricultural soil

with different organic matter contents. Soil Biol. Biochem. 17: 611-618.

Schuster, E. and Schroder, D., 1990. Side-effects of sequentially-applied pesticides on non-target

soil microorganisms field experiments. Soil Biol. Biochem., 22: 367-373.

Sebiomo, A., Awofodu, A.D., Awosanya, A.O., Awotona F.E. and Ajayi, A.J., 2011. Comparative
studies of antibacterial effect of some antibiotics and ginger (Zingiber officinale) on

two pathogenic bacteria. Journal of Microbiology and Antimicrobials, 3(1): 18-22.

Seklemova, E., Pavlova, A. and Kovacheva, K., 2001. Biostimulation-based bioremediation of

diesel fuel: field demonstration. Biodegradation. 12: 311-316.

Sene, Luciane; Converti, Attilio; Secchi, Geslaine Aparecida Ribeiro and Simao, Rita De Cassia
Garcia. 2010 New aspects on atrazine biodegradation. Braz. arch. Boil technol.

53(2):487-496.
Sharma, P.D. 2010. Microbiology. New Delhi: Rastogi publication.

Sheng, G., Yang, Y., Huang, M., and Yang, K., 2005. Influence of pH on pesticide sorption by soil

containing wheat residue-derived char. Environmental Pollution 134: 457-463.

Shinogi, Y., and Kanri Y., 2003. Pyrolysis of plant, animal and human waste: physical and

chemical characterization of the pyrolytic products. Bioresour. Technol. 90:241-247.

144



Singh S.B., Lai, S.P., Pant, S., Kulshrestha, G. 2008. Degradation of atrazine by an acclimatized

soil fungal isolate. J. Environ. Sci. Heal. B. 43(1), 27-33

Singh, C. M., Angiras, N. N., & Kumar, S., 1996. Weeds management in crops. In field crops, MD

Publications Pvt. Ltd.

Singh, D.K, 2008. Biodegradation and bioremediation of pesticide in soil: concept, method and

recent developments. Indian J. Microbiol., 48:35-40.

Sisomphone, S., Ngo V. M. and Preston T. R., 2012. Effect of soil amender (biochar or charcoal)
and biodigester effluent on growth of water spinach. Livestock Research for Rural

Development.\VVolume 24, Article #026, http://www.lrrd.org/lrrd24/2/sis024026.htm

Skipper, H.D. and V.V. Volk. 1972. Biological and chemical degradation of atrazine in three

Oregon soils. Weed Sci. 20:344-347.

Slade, P. 1965. The photochemical degradation of paraquat.Nature (London) 207:515-516.

Smith, E. A., and. Mayfield. C. 1., 1978. Paraquat: determination of degradation and mobility in

soil. Water Air Soil Pollut. 9:439-452.

Sohi, S., Loez-Capel, E., Krull, E. and Bol, R. 2009. Biochar's roles in soil and climate change: A
review of research needs. CSIRO Land and Water Science Report 05/09, series ISSN:

1834-6618. 64 pp.

Soil Survey Staff, 2003. Keys to Soil taxonomy. 9th Edition. United States Department of

Agriculture. National Resource Conservation Service. Washington D.C.

Solomon, D., Lehmann, J., Thies, J., Schafer, T., Liang, B., Kinyangi, J., Neves, E., Petersen, J.,

145


http://www.lrrd.org/lrrd24/2/siso24026.htm

Luizao, F., and Skjemstad, J., 2007. Molecular signature and sources of biochemical
recalcitrance of organic carbon in Amazonian Dark Earths 71 Geochemica et

cosmochemica ACTA 2285-2286.

Somasundaram, L., 1.R. Coats, V.M. Shanbhag and K.D. Racke. 1991. Mobility of pesticides and

their hydrolytic metabolites in soil. Environ. Toxicol. Chern. 10: 185-194.

Sombroek, W., Ruivo, M. L., Fearnside, P. M., 2003. Amazonian Dark Earths as carbon stores and
sinks. In: Lehmann J, Kern D C, Glaser B, and Woods W | (Eds). Amazonian Dark
Earths: origin, properties, management. Dordrecht, Netherlands: Kluwer Academic

Publishers.

Sparling, G.P., 1985. The Soil Biomass. In: Soil Organic Matter and Biological Activity, Vaughan,
D. and R.E. Malcolm (Eds.). Martinus Nijoff Dr. W. Junk, Boston, Lanchester, pp:

223-239.

Sparling, G.P., Feltham, C.W., Reynolds, J., West, A.W., Singleton, P., 1990. Estimation of soil
microbial carbon by fumigation - extraction method. Use on soils of high organic
matter content, and a reassessment of the KEc- factors. Soil Biol. Biochem. 22:

301-307.

Sparling, G.P., West, A.W. 1998. A direct extraction method to estimate soil microbial carbon:
Calibration in situ using microbial respiration and *C- labelled cells. Soil Biol.

Biochem. 20, 337-343.

Spokas, K.A., Koskinen, W.C., Baker, J.M., Reicosk, D.C., 2009. Impacts of woodchip biochar

additions on greenhouse gas production and sorption/degradation of two herbicides in

146



a Minnesota soil. Chemosphere, 77:574-581.

State of Mississippi. Department of Environmental Quality. 1998. Fundamental Principles of
Bioremediation.April1998<http://www.deq.state.ms.us/MDEQ.nsf/pdf/GARD_Biore

mediation/File/Bioremediation.pdf. Assessed 12/10/2014.

Steiner C., 2010. Biochar in agricultural and forestry applications. In: Biochar from agricultural
and forestry residues — a complimentary use of waste biomass, U.S. - focused biochar
report: Assessment of biochar’s benefits for the United States of America;

www.biochar-us.org/pdf%?20files/biochar report lowres.pdf.

Steiner, C., 2004. Plant nitrogen uptake doubled in charcoal amended soils, Energy with

Agricultural Carbon Utilization Symposium, Athens, Georgia, and U.S.A.

Steiner, C., De Arruda, M.R., Teixeira, W.G. and Zech, W., 2007. Soil respiration curves as soil
fertility indicators in perennial central Amazonian plantations treated with charcoal,

and mineral or organic fertilisers. Tropical Science 47(4): 218-230.

Steiner, C., Glaser, B., Teixeira, W. G., Lehmann, J., Blum, W. E. H. and Zech, W., 2008.
Nitrogen retention and plant uptake on a highly weathered central Amazonian
Ferralsol amended with compost and charcoal. J. Plant Nutr. Soil Sci., 171(6): 893—

899.

Stevens, J.T. & Sumner, D.D., 1991. Herbicides. In: Hayes WJ, Laws ER, editors. Handbook of

pesticide toxicology. New York: Academic Press, 1317-1408.

Streubel, J.D. 2011. Biochar: Its characterization and utility for recovering phosphorus from
anaerobic digested dairy effluent. Doctor of Philosophy dissertation submitted to

147


http://www.biochar-us.org/pdf%20files/biochar%20report%20lowres.pdf

Washington State University, Department of Crops and Soils. Pp34.

Subhani, A., El-ghamry, M. A., Chang Yong, H. and Jianminy, X., 2000. Effect of pesticides

(herbicides) on soil microbial biomass- A Review. Pak. J. Biol. Sci. 3(5): 705-709.

Sukul, P. and Spiteller, M., 2001. Influence of biotic and abiotic factors on dissipating metalaxyl in

soil. Chemosphere, 45: 941-947.

Sullivan, B.W., Dore, S., Kolb, T.E., Hart, S.C., and Montes-Helu, C., 2010. Evaluation of
methods for estimating carbon dioxide efflux across a gradient of forest disturbance.

Global Climate Biology 16: 2449-2460.

Summers. L. A., 1980. Fate of bipyrdinium herbicides. In The BiprydiniumHerbicides: EDS

Academic Press: San Diego. CA.

Suntres, Z. E., 2002. Role of antioxidants in paraquat toxicity. Toxicol, 180: 65-77.

Sustainable Tree Crops Program (STCP), 2007. Farm safety interventions in the cocoa sector.

International Institute of Tropical Agriculture, Issue .07.

Swannell, R.P.J., Lee, K. and Mcdonagh, M., 1996. Field evaluations of marine oil spill

bioremediation. Microbiological Reviews, 60(2): 342-365.

Taiwo, L.B., Oso, B.A., 1997. The Influence of some pesticides on soil microbial flora in relation
to changes in nutrient level, rock phosphate solubilization and P-release under

laboratory conditions. Agric. Ecosystem & Environ. , 65: 59-68.

Tang, J., Zhu, W., Kookana, R. and Katayama, A., 2013. Characteristics of biochar and its

application in remediation of contaminated soil, J. Biosci. Bioeng, 20(20): 1-7.

148



The European Environment Agency (EEA) — State and Outlook, 2005. Copenhagen, p. 584.

Thies, J.E. and Rillig, M., 2009. Characteristics of biochar: biological properties. In: Lehmann, J.,
Joseph, S. (Eds.), Biochar for Environmental Management: Science and Technology.

Earthscan, London, pp. 85-105.

Thom, E., Ottow J.C.G. and Benckiser, G., 1997. Degradation of the fungicide difenoconazole in a
silt loam soil as affected by pretreatment and organic amendment. Environ. Pollut, 96:

409-414.

Topp, E., Vallaeys T., and Soulas, G., 1997. Pesticides microbial degradation and effects on
microorganisms. In: Modern Soil Microbiology, Van Elsas, J.D., J.T. Trevors and

E.M.H. Wellington (Eds.). Mercel Dekker, Inc., New York, USA. pp: 547-575.

Torstenssen, L. and Stenstrom, J., 1986. Basic respiration rate as a tool for prediction of pesticide

persistence in soil. Toxic Asses, 1: 57-72.

Trevors, J.T., 1998. Bacterial biodiversity in soil with an emphasis on chemically-contaminated

soils. Water Air Soil Pollut, 101: 45-67.

Tu, C.M., 1992. Effect of some herbicides on activities of microorganisms and enzymes in soil. J.

Environ. Sci. Health, 27: 695-709.

Tucker, B. V., D. E. Pack, and J. N. Ospenson., 1967. Adsorption of bipyridylium herbicides in

soil. J. Agric. Food Chem. 15:1005-1008.

United State Department of Agriculture (USDA), 2012. Foreign Agricultural Service, Global
Agricultural Information Network.Ghana: Cocoa Report Annual (GAIN Report No.

GH1202). Retrieved from http://www.gain.fas.usda.gov/RecentGAIN

149


http://www.gain.fas.usda.gov/RecentGAIN

Publications/Cocoa Report Annual_Accra_Ghana_3-15-2012.pdf

United State of America Data Programme (USDA), 2003. Hazardous Air Pollutants. Washington,

D.C: United States Code 42 USC 7412. http://www.4.law.corned.edu/uscode/

United States Department of Agriculture. 2003. Keys to soil taxonomy (9" Ed).

United States Environmental Protection Agency (USEPA) Office of Pesticide Programs Health
Effects Division, 2002. Grouping of Triazines Based on a Common Mechanism of
Toxicity - Discusses the available evidence for determining if a common mechanism
of toxicity exists among certain triazine - containing pesticides. Available at: <http:
/lwww.epa.gov/pesticides/cumulative/triazines/triazines/ triazinescommonmrch.pdf>.

Access: 09 June 2013.

United States Environmental Protection Agency (USEPA), 2003. Available online:
http://www.epa.gov/osw/ hazard/wastemin/priority.htm (accessed on 5th September

2014).

United States Environmental Protection Agency (USEPA). Landfarming. 9 March 2006. 24 Nov

2006 http://www.epa.gov/oust/cat/landfarm.htm. Assessed 9/15/2014.

Van Zwieten, L., Singh, B., Joseph, S., Kimber, S., Cowie, A. & Chan, K.Y., 2009. Biochar and
emissions of non-CO; greenhouse gases from soil. In Lehmann, J. & Joseph, S.
Biochar for environmental management: Science and Technology, Earthscan, United

Kingdom: 227-250.

Venosa, A. D., Suidan, M. T.,Wrenn,B. A., Strohmeier, K. L., Haines, J. R., Eberhart, B. L., King,

D. and Holder, E. L., 1996. Bioremediation of an experimental oil spill on the

150


http://www.4.law.corned.edu/uscode/
http://www.epa.gov/oust/cat/landfarm.htm

shoreline of Delaware Bay. Environ. Sci. Technol., 30:1764-1775.

Venosa, A.D. 1998. Oil spill bioremediation on coastal shorelines: a critique. In: S.K. Sikdar and
R.1. Irvine (Eds.), Bioremediation: Principles and Practice. Vol. Ill. Bioremediation

Technologies. Technomic, Lancaster, PA, pp259-301.

Verheijen, F., Jeffery, S., Bastos, A. C., van der Velde, M. and Diafas, 1. 2010. Biochar
Application to Soils. A Critical Scientific Review of Effects on Soil Properties,
Processes and  Functions. JRC  Scientific and  Technical Report.

http://eusoils.jrc.ec.europa.eu/esdb archive/eusoils docs/other/EUR24099.pdf

Vischetti, C., Casucci C. and Perucci, P., 2002. Relationship between changes of soil microbial

biomass content and benfluralin degradation. Biol. Fertil. Soils, 35: 13-17.

Vischetti, C., P. Perucci and L. Scarponi, 2000. Relationship between rimsulfuron degradation and

microbial biomass content in a clay loam soil. Biol. Fertil. Soils, 31: 310-314.

Vischetti, C., Perucci P., and Scarponi, L., 1995. The rimsulfuron herbicide in soil effect of its
persistence on the growth and activity of microbial biomass at varying environmental
conditions. Proceedings of The XII Interenational Symposium Environment
Biogeochem Biosphere and Atmospheric Changes, (SEBBAC'95), Rio de Janeiro,

Brazil, pp: 152-152.

Voos. G. and Groffman, P.M., 1997. Relationship between microbial biomass and dissipation of 2,

4-D and Dicamba in soil. Biol Fertil Soils 24:106-110.

Walkley, A. and Black, I. A. 1934. An examination of the Degtjareff method for determining soil

organic matter, and proposed modification of the chromic acid titration method. Soil

151


http://eusoils.jrc.ec.europa.eu/esdb_archive/eusoils_docs/other/EUR24099.pdf

Science, 37: 29-38.

Walter-Echols, G. and Lichtenstein, E.P., 1978. Movement and metabolism of *C-phorate in a

flooded soil system. J. Agric. Food Chem., 26: 599-604.

Wang, X. & Xing, B. S. 2007. Sorption of organic contaminants by biopolymer-derived chars.

Environmental Science & Technology, Vol. 41, No. 24:8342-8348, ISSN 0013-936X

Weber, J.B. 1977. Soil properties, herbicide sorption, and model soil systems. In B. Truelove (ed.)
Research methods in weed science. p. 60—71 Southern Weed Science Soc., Auburn,

AL.

WHO/FAO. 2005. Codex Alimentarius Commissions Food and Agriculture Organization of the
United Nations agenda item 7a. Joint FAO/WHO Food Standards Programme codex

committee on pesticide residue 37" session. The Hague 18-23rd April.

Winsley, P., 2007. Biochar and bioenergy production for climate change mitigation. New Zealand

Science Review 64: 1-10.
Woolf, D. 2008. Biochar as a soil amendment — a review of the environmental implications,

Yoshida, T., 1978. Microbial Metabolism in Rice Soil. International Rice Research Institute,

Philippines, pp: 445-463.

Yu Y.L, Fang H, Wang X., Wu X.M, Shan M, and Yu J.Q, 2006. Characterization of a fungal
strain capable of degrading chlorpyrifos and its use in detoxification of the insecticide

on vegetables. Biodegradation 17: 487-494.

Yu, C., Tang, Y., Fang, M., Luo, Z., and Ceng, K. 2005. Experimental study on alkali emission

152



during rice straw Pyrolysis. Journal of Zhejiang University (Engineering Science) 39:

1435-1444.

Yu, X.Y., Guang-Guo Y., and Rai S. K., 2009. Reduced plant uptake of pesticides with biochar

additions to soil. Chemosphere: in press.

Yu, Y.L., Chen, Y.X., Luo, X.D., Pan, Y.F., and Wong, M.H., 2003. Rapid degradation of

butachlor in a wheat rhizosphere soil. Chemosphere, 50: 771-774.

Yuan, J., and Xu, R. 2012. Effects of biochars generated from crop residues on chemical properties

of acid soils from tropical and subtropical China. Soil Research 50(7): 570-578.

Zain M.N.M., Muhamad R.B., Sijam K. and M. Mahub, Awang Y. 2013. Effects of selected
herbicides on population on soil microbial oil palm plantation of Malaysia: a

microcosm experiment. Afri. J. Mic robiol. Res. 7, 367-374.

Zhang, Q., Yang, Z., and Wu, W., 2008. Role of crop residue management in sustainable
agricultural development in the North China Plain. Journal of Sustainable Agriculture;
32(1):137-48. Zheng, H.; Wanga, Z.; Denga, X.; Herbert, S.; Xing B. 2013. Impacts of
adding biochar on nitrogen retention and bioavailabilty in agricultar soil. Geoderma,

206, 32-39.

Zhu, G., Wu, H., Guo, J. and Kimaro, F.M.E., 2004. Microbial degradation of fipronil in clay loam

soil. Water Air Soil Pollut, 153: 35-44.

Zwietenoe, L. V. 2006. Magic biochar Recycles, fertilizes and sequesters.

http://www.dpi.nsw.gov.au/archive/agriculture-today-stories/september-2006/magic-

biochar

153


http://www.dpi.nsw.gov.au/archive/agriculture-today-stories/september-2006/magic-biochar
http://www.dpi.nsw.gov.au/archive/agriculture-today-stories/september-2006/magic-biochar

APPENDIX

Variate: total heterotroph count

Source of variation d.f. S.S. m.s.
Day.Soil.Biochar.Pesticide 20 1995.73 99.79
Residual 216 2186.67 10.12
Total 236 41824

Significance at 5% LSD=5.120

Variate: C-CO2 Mineralisation

Source of variation d.f. S.S. m.s.
Day.Soil.Biochar.Pesticide 20 50527.5 2526.4
Residual 216 1902285  880.7
Total 323 3550838.9

Significance at 5% LSD=47.759

Variate: Microbial Biomass Carbon

Source of variation d.f. S.S. m.s.
Day.Soil.Biochar.Pesticide 20  41103.82 2055.19
Residual 216  18785.52 86.97
Total 236 59889.34

Significance at 5% LSD=15.008

Variate: N Mimeralisation

Source of variation d.f. S.S. m.s.

Day.Soil.Biochar.Pesticide 20 76147. 3807.
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v.r. Fpr.

9.86 <.001

v.r. Fopr.

2.87 <001

V.I. F pr.

23.63 <.001

v.r.  Fopr.

3.77 <.001



Residual 216
Total 236
Significance at 5% LSD=51.172
Variate: Pesticide residue

Source of variation d.f.
Day.Soil.Biochar.Pesticide 20
Residual 216
Total 236

Significance at 5% LSD=7.527

218390. 1011.
294537.

S.S. m.s. V.I. F pr
1480.01 74.00 3.38 <.001
4724.98 21.87
6205.08
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