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ABSTRACT

Nitrogen (N) is an essential nutrient for most crops and can be provided directly by fertilisation
or indirectly through atmospheric deposition, fixation, all of which can then be converted to
nitrate through mineralization and nitrification. Incomplete N utilisation by crops leaves
residual soil nitrate, which is water soluble and susceptible to leaching into groundwater,
particularly in regions dominated by light-textured sandy soils with low WHC. Application of
biochar (BC) can potentially have a significant impact on nitrogen retention and availability.
BC is a charcoal-like substance that's made by burning organic material from agricultural and
forestry wastes (also called biomass) in a controlled process called pyrolysis. Biochar can
increase organic matter content, act as a liming agent, add basic cations and micronutrients,
improve water holding capacity, and release nutrients gradually to the growing plant. This
study evaluated the effect of BC derived from different feedstock on nitrogen retention and

availability.

Two experiments’, laboratory (column leachate) and nursery experiments were conducted at
the University of Venda Soil Science Laboratory and the School of Agriculture Experimental
Farm, respectively. The treatments in both experiments 1 and 2 consisted of a factorial
combination of BC from three different feedstocks (acacia, hay, and poultry litter) and three
BC application rates (0%, 1%, and 2%). In experiment 1, the levels of NH4* and NOs leached
from and retained in the soil were determined in the laboratory experiment before and after
70-day leaching period. The columns were first filled with three kilograms of the soil-BC
mixture based on the previously mentioned treatments, giving rise to an initial bulk density of
roughly 1.5 g/cm3. A single fertiliser application with 100 mg of solutioned ammonium nitrate
(NH4NO3) was applied to each column. The fertilizer was applied to each column's surface in
uniform drips after being diluted in 5 millilitres of distilled water. In the laboratory, the columns
were maintained at room temperature, or roughly 23 °C. Every two weeks, 200 ml of distilled
water was added to each column through a funnel that was placed above the center of each
column. To aid in the dispersal of the water drips, filter papers were placed on the soil surface
of the columns. Columns were allowed to drain freely during the leaching process, and all
leachate samples were collected in foil-wrapped Erlenmeyer flasks to minimize evaporative
loss. For 10 weeks (seventy days), columns were leached every two weeks. Every two weeks,
the leachates were collected and chilled before analysis to minimize the growth of algae.
Leachates were collected every two weeks, and the pH and electrical conductivity (EC) were
measured. The leachate samples were then filtered through Whatman No. 42 filter paper to
measure the amounts of nitrite (NO3) and ammonium (NH4"). In experiment 2, which was
conducted in a nursery, 5 kg of soil was placed in pots measuring 25 cm in height and 25 cm
in diameter. Maize (Zea mays L.) was used as a test crop and harvested 56 days after planting.
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The measurements made in this experiment were dry matter (kg) and nitrogen uptake (kg/ha).
A uniform application of nitrogen fertilizer (LAN) at a rate of 100 kg N/ha was given to each
pot. The soils were treated with BC as per the stated application rates and ammonium nitrate
fertilizer one week prior to planting. The treatments were arranged in a completely random
design (CRD) The pots were wetted to 60% field capacity (FC) and allowed to dry out for 24
hours prior to planting. Three maize seeds were planted in each pot. After watering, the pots
were filled to 60% of their field capacity (FC). After being allowed to develop for a maximum
of eight weeks (56 days), maize crops were collected, dried, weighed, ground, and the N

content determined.

In experiment 1, the current study's findings show that using BC can significantly reduce the
leaching of highly mobile nutrients like NH4* and NOs". The total amount of leachates collected
increased by 46% and 42% at the 1% and 2% biochar application rates, respectively. The
amount of ammonium and nitrate retained increased by 1.62% and 16.2% at a 2% rate of
application, respectively. In comparison to the control, where no BC was added, BC
significantly reduced ammonium leaching at 1% on days 56-70 and 2% (w/w) in BC-amended
soils. Biochar increased EC in all BT and retained NH.*and NOs". In experiment 2, this study
has shown that feedstock type significantly affects biomass accumulation and N uptake.
Biomass yield and N uptake increased in the order poultry litter > acacia > hay. Increasing
biochar rates from 0 to 2% increased biomass accumulation and N uptake. In summary,
biochar type and rate of application have a potential effect on N leaching and retention in the
soil, as well as the biomass and N uptake and therefore these factors should be considered
when biochar is used as a soil amendment, especially for N management in agricultural

systems.

Key Words: Biochar, Nitrogen (N), Nitrogen retention, Nitrogen availability
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PREFACE

This dissertation contains five chapters. Chapter one delivers the background, objectives, and
justification of the study. Chapter two provides a general review of the up-to-date literature for
the research study. Chapter three include information on the materials and methods used in
this study. The fourth chapter consist of the results and discussion, while the fifth chapter

consists of the conclusions and recommendations for future research.
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CHAPTER 1: INTRODUCTION

1.1. Background information

Nitrogen (N) is a crucial nutrient for the growth of most crops and can be introduced into the
soil in various ways, such as through fertilisation, atmospheric deposition, irrigation water, or
fixation. Once in the soil, nitrogen can be converted into nitrate through processes called
mineralisation and nitrification (Randall and Mulla, 2001). Poor utilisation of applied nitrogen
in the soil may result in the loss of water-soluble soil nitrate by leaching into groundwater,
particularly in regions with mostly sandy soils that have low water-holding capacity. This
results in substantial losses of applied nitrogen, which in turn has severe environmental
consequences, including eutrophication and other water quality problems (De Jonge et al,
2002). Hence, it is essential to devise approaches or tactics that may optimise the retention

of nitrogen in the soil to guarantee its optimal availability and uptake by plants.

Nitrate leaching reduces nitrogen utilisation efficiency in a variety of field crops produced under
different environmental conditions (Camargo and Alonso, 2006). The majority of nitrogen
fertiliser added to soils comes in the form of ammonium or ammonium-producing compounds
such as urea, which is quickly oxidised to nitrate by soil nitrifying bacteria. Reducing nitrogen
losses due to leaching may be accomplished by slowing the biological oxidation of ammonium
(Choudhury and Kennedy, 2005). Gaseous emissions (N2, NO2, NO, NHs), ammonium (NH4*)
leaching, and nitrate (NO3z’) leaching all contribute to nitrogen losses in agricultural soils
(Robertson et al, 2007).

Many short-term studies have demonstrated that biochar decreases N leaching and
availability (Steiner et al, 2008); however, more research needs to be done on the subsequent
use of nitrogen in the soil-biochar environment following leaching. It is possible to close this
information gap with stable N isotopes. However, there is a lot of disagreement in science on
the chemical makeup of soil N since different methods fail to account for a significant portion
of it. According to Smernik and Baldock (2005), a large portion of the N is referred to as

"heterocyclic N," which is utilized to explain the unidentified N proportions.

Biochar, also known as biomass-derived charcoal, is a strongly aromatic substance that is
produced as a byproduct of pyrolysis and biomass carbonisation. It is created in an
environment with little or no oxygen present. Biochar may be produced from a diverse range
of biomass sources, such as woody materials, agricultural residues including corncobs and
cereal straw, animal manures, and other forms of waste. BC has enhanced stability against

decomposition and possesses a greater capability to adsorb ions in soil compared to other

1
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forms of soil organic matter. This is attributed to its increased surface area, negative surface
charges, and density charges (Liang et al, 2006). Biochar has been shown to influence the
nitrogen dynamics in soil by altering the rates of transformation processes (Clough et al, 2013;
Clough and Condron, 2010).

When biochar is added to these highly leached, infertile soils, the availability of some basic
cations increases almost instantly (Glaser et al, 2002; Liang et al, 2006). Additionally, crop
yields are significantly improved, especially in situations where there are limited nutrient
resources (Lehmann and Rondon 2006). By increasing the stability of organic matter and
therefore reducing its release of nutrients, these additions gradually increase soil nutrient
availability (Glaser et al., 2001; Lehmann and Rondon 2006).

During the plant development phase, BC may minimise N runoff and leaching losses and make
the nutrient more accessible to plants (Ding et al, 2010; Kookana, 2010). Biochar may also
cause microbial nitrogen immobilisation in soil (Zavalloni et al, 2011). Aside from that, applying
BC to soils offers a slew of additional potential agricultural advantages. These include liming
acid soils, adding basic cations and micronutrients, increasing water retention capacity, and
gradually releasing nutrients to developing plants (Laird et al, 2010; Sohi et al, 2010; Van
Zwieten et al, 2010 Glaser et al, 2002).

1.2. Problem statement

Nitrogen losses occur in agricultural systems in various ways. Nitrogen from commercial
fertilisers is applied directly to the soil system in a variety of forms, the most common of which
are ammonium, nitrate, and urea. Precipitation also adds nitrogen, mostly as nitrate and
ammonium. The nitrate ion has a negative charge and is weakly linked to negatively charged
soil particles. Because nitrate is retained loosely in the soil, it may be leached through the soil
profile by rainfall or irrigation. Soils may lose nitrogen by leaching, but soils with poor drainage
can lose nitrogen through denitrification. Overwatering removes nutrients from the soil,
resulting in reduced soil fertility and crop output. Nitrate is constantly present in soil solutions
and due to its high solubility, moves with the soil water. Appropriate measures are therefore
necessary to minimise nitrogen losses and increase nitrogen availability for crop uptake and
hence yield, while minimizing environmental pollution through N leaching into groundwater

sources.

Biochar (charred biomass for soil application) amendment of soils is a potential long-term

approach or strategy that can be adopted for mitigating the negative effects of nitrogen

fertiliser leaching on surface and groundwater quality. The addition of BC to sandy soils looks

to be particularly advantageous since charcoal has a high water-holding capacity. With the

increase in electrostatic adsorption sites generated by BC additions, soil water retention and,
2
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surely, nutrient retention are feasible. Biochar has been demonstrated to reduce ammonium
and nitrate leaching from both organic and inorganic N sources in coarse-textured soils (Ding
et al, 2010). The decrease in N leaching achieved varies substantially depending on the
properties of the BC, the volume applied, and the soil type (Wang et al, 2015).

1.3. Motivation

Nitrogen is a crucial component for the growth of plants and is often one of the most
constraining elements in agricultural settings. Biochar may impact the way nitrogen is
processed in soil systems by affecting the rates of nitrification and the adsorption of ammonia.
Additionally, it can increase the storage of nutrients by boosting the soil's ability to exchange
cations, as well as other physical, chemical, and biological aspects of the soil. The effect on
these processes may potentially reduce N losses, such as nitrate leaching. Biochars,
particularly those with a significant surface area (Yao et al, 2012), have shown considerable
promise in mitigating the loss of inorganic nitrogen via leaching studies. Therefore, by utilising
biochar derived from different locally accessible sources to evaluate the retention and
accessibility of nitrogen, a suitable recommendation can be made regarding the use of
appropriate biochar as a soil amendment for nitrogen management. This will help minimise
losses and maximise crop uptake and yield, ultimately resulting in improved agricultural
productivity, food security, and increased income for farmers.

1.4 Objectives
1.4.1. Overall objective

To determine the impact of biochar generated from various feedstocks on the retention,

availability, and absorption of nitrogen by a maize crop.
1.4.2. Specific objective

The following are the specific objectives identified in this research study, to determine:
e Nitrate and ammonium (NOs  and NH.*) leach from soil;
e Soil nitrate and ammonium (NOs” and NH.*) retention;

e N uptake by the maize plant.

1.5. Hypothesis

Applying biochar as a soil amendment will enhance nitrogen retention, reduce nitrogen

leaching from the soil, and promote nitrogen absorption by maize crops.
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CHAPTER 2: LITERATURE REVIEW

2.1. Biochar definition

Biochar, a residue produced via the process of pyrolysis, is formed from biomass containing
black carbon and is used to improve soil quality (Lehmann and Joseph 2011). Biochar is a
carbonaceous material produced by subjecting biomass to high temperatures in an oxygen-
free environment. In contrast to modern pyrolyzers that capture the generation of biofuels and
syngas, traditional charcoal production using earthen and brick kilns emitted various volatile
substances into the atmosphere, leading to air pollution (Zheng et al, 2010). Biochar is a kind
of charcoal that has been specifically adapted for agricultural use. Therefore, it is suggested
to use BC as a soil amendment to mitigate the effects of anthropogenic climate change and
enhance agricultural soil fertility. Biochar is found in soils worldwide as a result of natural

occurrences such land clearance by field fires (Krull et al., 2008).

Lehmann and Rondon (2006) showed that biochar is a recalcitrant organic carbon that
contains soil micro- and macronutrients. Biochar is refractory organic carbon, including micro-
and macronutrients from the soil. The fertility of the Amazon's Terra Preta soils, which have
contained charcoal for more than a millennium, exemplifies this exceptional attribute. Unlike
other chars, BC primarily consists of a persistent aromatic form of organic carbon that, despite
favorable climatic and biological conditions, does not decompose quickly or release carbon
dioxide into the environment. As a result, BC may reduce emissions of other greenhouse
gases such as nitrous oxide and methane (Sohi et al., 2010). Moreover, biochar offers a
different and comparatively safer approach to handling organic waste, along with some added
benefits, including the ability to recover energy during pyrolysis from the liquid and gas
components (Cely et al., 2015).

2.2. Potential uses of biochar

It has been established that BC's interaction with soil bacteria and plant roots begins
immediately after application. Biochar has been collected in soils around the globe as a result
of natural processes such as land clearance by field fires (Krull et al, 2008). According to
Schmidt and Noack (2009) and Novotny et al. (2009), biochar has great stability and resilience
to chemical, physical, and biological breakdown. Its chemical makeup, which consists of
conjugated polycyclic aromatic rings to create extremely crystalline structures, is what gives it
its stability (Mao et al., 2012). Because of this, biochar is more resistant to change and can
stay in the environment for a longer period of time than any other type of organic carbon
(Lehmann, 2007). Because of its capacity to absorb significant amounts of CO, when added
to soil, biochar is regarded as a significant carbon sink (Lehmann, 2007). Several

investigations have demonstrated the major agronomic advantages of biochar-amended soils,
4
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including higher crop yields. Increases in plant water availability and soil permeability (Asai et
al., 2009; Herath et al., 2013), soil cation exchange capacity (Liang et al., 2006; Steiner et al,
2007), neutralization of phytotoxic compounds (Steiner et al., 2007), and soil nutrient retention
(Glaser et al, 2002; Lehmann et al, 2003) were all associated with improvements in soil fertility.
Char also influences the microbial ecology in the soil and, because it suppresses soil
pathogens, may improve plant resilience to disease (Matsubara et al, 2002). The elemental
composition of biochar is responsible for all of these benefits because it can directly alter the
chemical properties of soil and create a chemically active surface that can catalyze beneficial
reactions and alter the dynamics of nutrients. Additionally, biochar's porous structure and large
surface area help to alter the physical properties of the soil, which promotes radical
development and increases the availability of water and nutrients for plant growth (Matsubara
et al, 2002).

2.3. Biochar production

Biochar is an exceptionally stable chemical produced by heating biomass at 350 to 600
degrees Celsius in anaerobic circumstances (Whitman and Lehnmann et al, 2009). Biomass
is one of the world's most plentiful renewable resources. Despite the availability of other
feedstocks, the majority of BC generated in South Africa is derived from agricultural waste
such as sugar cane bagasse (Uras et al, 2012). Historically, the majority of agricultural waste
was discarded (Duku et al, 2011). Potential biochar’s properties are more dependent on the
biomass it originated from. Feedstock may be derived from different biomass; agricultural
residues such as corn and wheat, yard waste, industrial by-products, animal manure and
sewage sludge (Laird et al, 2009). Several techniques for thermally breaking down biomass
are used to create bhiochar, including gasification, hydrothermal conversion, torrefaction, slow
pyrolysis, and fast pyrolysis (Meyer et al, 2011). Following pyrolysis, activated charcoal has

undergone chemical or steam oxidation (Azargohar, and Dalai, 2006; Raave et al, 2014).

According to Antal and Grgnli (2003), activation can enhance surface area and adsorption by
eliminating reactive carbon that obstructs pores. As demonstrated by Gaskin et al, (2008)
when peanut hull pellets too swelled and blocked the batch reactor, steam activation can be
challenging and not suitable for all feedstocks and production temperatures (Laird et al., 2009).
The usage of water or steam, the amount of available atmospheric oxygen (O.), the rate of
heating, the length of time the biomass is in the production chamber or retort, and the
temperature are some of the key variations between the various biochar manufacturing
techniques (Amonette and Joseph, 2009). Recovery equipment is a type of production gear
that is used to power the following batch using the combustible gas produced from the
previous batch (Laird et al., 2009).
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2.4. Biochar physical properties

Potential BC's properties are highly depending on the biomass from which it was formed.
Agricultural by products like maize and wheat, as well as yard waste, industrial wastes, animal
manure, and sewage sludge, may all be utilised as feedstock (Laird et al, 2009. The
environment might be negatively impacted by biochar as well. Soil supplemented with biochar
may offer a potential carbon sink (Duku et al., 2011) and help mitigate global warming
(Atkinson et al., 2010). Since biochars are made from any type of natural or synthetic organic
material and by a variety of procedures (such as gasification and pyrolysis), their
characteristics and impacts are highly variable (de Jong et al., 2003).The kind of feedstock
(Fushimi et al., 2003), the method of production (Antal and Gronli, 2003), and the process
parameters (such as residence time and charring temperature) all have an impact on the
physical structure of biochar (Czimczik et al., 2002). We can conclude that understanding
physical properties of biochar is essential to address its correct agronomical and
environmental uses as well as enabling meaningful pre-application quality assessments, as
these properties have a significant impact on the effects of biochar and its interactions with
the environment.2.3.1 Biochar chemical properties

Mineral ash makes up around 1-20% of the weight of lignocellulosic biomass, which is
composed of nitrogen (N), phosphorus (P), potassium (K), silicon (Si), calcium (Ca), cadmium
(Cd), mercury (Hg), and arsenic (As), while extractives make about 1-10% (Duke et al, 2011).
High-yield BC is formed when a lignin-rich feedstock is pyrolyzed at high temperatures
(Demirbas et al, 2006). As a consequence, biomass with high productivity, such as grasses,
is chosen over biomass with low mineral and nitrogen contents. These negative consequences
could include N binding and immobilization, the release of some toxic heavy metals associated
with biochar, an increase in EC and pH that results in nutrient deficiencies (Singh et al, 2010;
Kookana et al, 2011; Xu et al, 2013), or the presence of phototoxic compounds related to plant

growth or germination (Rogovska et al, 2012).

Lu and Zhang (2013) have suggested that biochar be used in wastewater treatment to remove
heavy metals and other chemicals released by industrial activities. It can also be applied
directly to soils to uptake organic and inorganic contaminants, thereby sequestering and
making them unavailable for plant uptake (Beesley et al, 2010; This indicates that before
applying biochar to soil, some of the undesired effects, like nutrient absorption, increased

nutrient leaching, and increased EC, need to be taken into account (Kookana et al., 2011).
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2.5. Biochar biological properties

Biochar is pulverized charcoal that is added to soil for crop cultivation. The technology's
concept is based on the reproduction of Terra Preta. Terra Preta roughly translates to dark
earth, and it refers to the process of creating soils that are generally dark in colour, heavy in
organic matter, and hence nutrient rich (Glaser et al, 2012). Unlike the previous slash and
burn procedures that converted biomass to ash by burning, current biomass undergoes slash
and char processes to generate BC Lehmann et al, (2002), which is industrially manufactured

through pyrolysis.

Pyrolysis converts labile carbon (C) into relatively stable aromatized carbon, whilst basic
cations are transferred from fresh biomass to charcoal (Krull et al, 2009). This is useful
because BC, by occupying soil exchange sites, makes these basic cations accessible to the
soil when applied to it (Wang et al, 2009). BC, like the Amazon's black carbon-rich Terra Preta
soils, should ideally exist in the soil long enough to offer long-term chemical, physical, and

biological changes (Hammes, and Schmidt et al, 2009).

2.6. Biochar effect on soil nitrogen

Nitrogen is the only limiting nutrient in primary crop yield (Peake et al, 2014). Biochar’s
absorption into soil modifies nitrogen dynamics by reducing ecologically damaging N-fluxes
(Clough and Condron, 2010). Several proposed processes explain the apparent N retention
in BC-amended soils and the decrease in nitrogen leaching (Clough et al, 2013). These
include NH; or organic-N adsorption on BC, cation or anion exchange processes, and

increased N immobilisation as a result of the addition of BC labile C.

Dempster et al, (2010) showed that after 10 weeks of incubation with BC addition at 25 t/ha,
net N mineralisation reduced from an average of 11 mg N/kg dry soil to 1 mg N/kg dry soil.
The findings did not explain the N sorption to BC at rates of 0, 5, and 25 t/ha. The addition of
20 t/ha of BC to an apple orchard did not significantly alter the mineral-N concentration
(Sivakumaran et al, 2010). Wu et al, (2012) reported that BC application decreased N.O
emissions over a 100-day incubation period and field experiment, whereas DelLuca et al.
(2010) found that BC application in soil influenced N transformation by enhancing nitrification
and N uptake by plants. Before recommending BC application, it is essential to understand

how BC application may alter N retention and availability in local soils.
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2.7. Biochar effect on soil nitrogen processes

2.7.1. Mineralisation

Mineralisation is the oxidation of chemical molecules in organic materials, which releases
plant-usable nutrients in soluble inorganic forms (White et al, 2005). Mineralisation increases
the bioavailability of organic compounds' nutrients, particularly nitrogen, phosphorus, and
sulphur. Determining whether the breakdown of an organic compound results in mineralisation
or immobilisation is its concentration in respect to the organic component. Mineralisation
happens when the concentration of an element surpasses the biosynthetic or storage
requirements of the decomposer. McLaren (2012) found that the carbon-to-nitrogen ratio (C:
N ratio) of decomposing organic matter affects whether nitrogen mineralizes or immobilises.
In general, organic matter-rich soil lacks enough nitrogen to meet the biosynthetic needs of
the decomposing microbial community. If the C: N ratio of the decaying organic waste is more
than 30:1, the decomposing bacteria may absorb nitrogen in the form of ammonium or nitrate.
Pereira et al, (2015) showed that the BC H/C ratio was positively connected with the gross N
mineralisation rate and postulated that BC with high H/C ratios will boost mineralisation levels
because they are more likely to breakdown and hence release N into the mineral pool. This
mineral nitrogen is considered to be immobilised, which may reduce the concentration of
inorganic nitrogen in the soil and make nitrogen available to plants. The ratio of carbon to
nitrogen in organic matter decreases as carbon dioxide is generated during energy generation
during breakdown, a process known as "catabolism." When the C: N ratio is below 25:1,
continuous degradation causes mineralization by simultaneously releasing inorganic nitrogen

as ammonium (Pereira et al, 2015).

When organic matter decomposes, the mineralized nitrogen is added to the nitrogen already
present in the soil, so increasing the overall mineral nitrogen content. According to Yuan. et
al, (2010), the cation exchange capacity of BC determines its ability to store NH.*.
Consequently, NH;" extracted as a measure of N mineralisation may reflect the cation
exchange capacity of BC, and vice versa. According to research, BC application to soil either
increases, decreases, or has no impact on N mineralisation. In a soil column study, Xu et al.
(2010) found that BC application increased net N mineralisation. Similarly, in field study,
Pereira et al, (2015) discovered that the addition of BC to an organically managed lettuce farm

almost doubled the amount of nitrogen mineralisation compared to the control.

Regardless of soil mixing method, Gundale et al, (2011) discovered that adding wood BC to
soil in northern Sweden increased net soil mineralisation levels and NH4* soil concentrations
during two growing seasons. This mismatch was generated more by the increase in net N

mineralization than by BC-derived ash (BC is a modest source of NHs"). However, Luo et al.
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(2016) reported reduced N mineralisation in a coastal wetland soil following BC application.
According to Dempster et al, (2010), the reduction in N mineralization was a result of the higher
C: N ratio of BC, and the capacity for N mineralization is most likely related to the composition
of the BC feedstock. Total net N mineralisation reduced after 18 days of incubation with
switchgrass BC applied to an acrisol from Colorado and an alfisol from Virginia. This decrease
in mineralisation was attributed to the presence of chemicals such as ethylene, a known
nitrification inhibitor, which decreased microbial activity. Prommer et al, (2014) found no
significant increase in N mineralisation with little N feedstock BC application. In conclusion,
these investigations reveal that the BC feedstock, BC production conditions, time after
application, BC capacity to adsorb NH4*, and soil type must all be considered when assessing

the response of soil N to BC mineralisation.
2.7.2. Immobilisation

Immobilisation in soil science refers to the conversion of inorganic elements by microbes or
plants into organic molecules, thereby limiting plant access (White et al, 2005). The C/N ratio
of plant wastes, according to McLaren (2012), impacts whether nitrogen is mineralised or
immobilised. Plant residues that reach the soil often lack enough nitrogen to absorb all of the
carbon into their cells for the soil microbial community. The soil microbial community may
consume mineral nitrogen if the C: N ratio of decomposing plant material reaches 30:1 (e.g.,
nitrate). This mineral nitrogen is thought to be immobilised, which might result in a nitrogen
deficiency in plants growing in the soil. The C: N ratio of organic matter decreases as a result
of breakdown, as does the microbial requirement for mineral nitrogen. When the C: N ratio
falls below roughly 25:1, additional breakdown results in simultaneous nitrogen mineralisation
that surpasses the expectations of the microbial community. Soil mineral nitrogen will be

higher after decomposition due to plant residual nitrogen mineralisation (McLaren et al, 2012).

In terms of N immobilisation, BC studies yield varying results, implying that using incompletely
pyrolyzed biomass (rapid pyrolysis at low temperature) may result in soil N immobilisation
because growing microorganisms require more N than the substrate provides. Low-
temperature BC, in other words, includes more bioavailable C or surface functional groups
that may act as microbial substrates (Tibor et al, 2007). Because switch grass has a high C/N
ratio, Bruun et al, (2012) conducted a field study using switch grass BC and observed that BC
additions to soil improved N immobilisation and total inorganic N in soils. Brunn et al, (2012)
also detected a significant increase in cumulative and net CO, flux, suggesting that BC
mimicked switch grass mineralisation and accelerated the breakdown of resident soil.
According to Jones (2012), increased CO; evolution shortly after BC addition is generated in

part by inorganic C emissions from the BC itself. The impact of BC on N immobilisation must
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therefore be studied further, with an emphasis on bioavailable C and BC's direct effects on

microbial activity.
2.7.3. Nitrification

Nitrification is defined as the biological oxidation of ammonia or ammonium to nitrite, followed
by nitrite oxidation to nitrate (Nitrification Network, 2014); the rate-limiting step in nitrification
is often ammonia to nitrite conversion. Nitrification is an important stage in the soil nitrogen
cycle. Nitrification is an aerobic process in which minute groups of autotrophic bacteria and
archaea participate. Nitrification is crucial in agricultural contexts where ammonium-nitrogen
fertilisers are routinely utilised. Converting ammonium to nitrate enhances nitrogen leaching
because nitrate is more water-soluble than ammonium (Guire et al, 2010). In most soll
conditions, there exist species that will complete both phases of the cycle, giving nitrate as the
final product. Because nitrate is more water-soluble than ammonia, it improves nitrogen
leaching. Nitrification is also significant in nitrogen extraction from municipal sewage. The
mineralization process of nitrification and ammonification refers to the complete
decomposition of organic material with the release of nitrogen compounds. This contributes to

the restoration of the nitrogen cycle (Guire et al, 2010).

The nitrification cycle, which links the ammonification and denitrification cycles, is particularly
effective at maintaining nitrogen equilibrium. Moreover, multiple studies have demonstrated
that adding BC significantly accelerated soil nitrification and increased soil ammonium-
oxidizing bacteria (Nelissen et al, 2012). The addition of charcoal has been shown to enhance
the quantity of ammonium-oxidizing bacteria and the rate of nitrification in forest soil (DeLuca
et al, 2006). This is explained by the BC adsorption of compounds that inhibit nitrification, such
as terpenes and phenols (Ball et al, 2010). Other study, on the other hand, has shown that
adding BC to agricultural systems has a considerable inhibitory impact on nitrification,
presumably owing to the high nitrification rate (DelLuca et al, 2006) or the presence of a

nitrification-inhibiting molecule (-pinene) in the BC (Clough et al, 2010).
2.7.4. Leaching

Leaching is the removal or extraction of certain components from a carrier into a liquid (often,
but not always, as a solvent), which may result in the loss of water-soluble plant nutrients from
the soil or the use of a small amount of surplus irrigation to avoid soil salinization. Contradictory
results have been obtained regarding the sorption of nitrogen (N) by BC derived from various
feedstocks and production settings (e.g., pyrolysis temperature). Recent research by
Kirehman et al, (2002) has demonstrated that leaching and runoff of N in the forms of NH4",

NO2", and/or NOs would not only reduce the nitrogen utilisation efficiency (NUE) of N fertiliser,
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but also cause significant environmental problems such as eutrophication and water biota

poisoning. Therefore, enhancing N retention in agricultural soils is crucial (Yao, 2004).

Several further research, according to Gai (2014), showed that BC had little to no capacity to
absorb NO3; and sometimes discharged NOs into the environment. According to Joseph
(2010), these discrepancies in N sorption results are most likely attributable to the varied
physiochemical properties of BC (for example chemical composition, molecular structure,
surface area, and porosity). However, the correlations between these properties and their
impact on N sorption remain obscure. Despite the development of unique tools for
characterising BC, such as Fourier transform-infrared (FT-IR) spectroscopy and scanning
electron microscopy (SEM), the essential characteristics for N sorption have not yet been
identified. In addition, the impact of feedstock type and pyrolysis temperature on the

physiochemical properties of BC are undetermined (Kirehman et al, 2012)

In addition, minimal study has been undertaken on NO, sorption using BC despite the toxicity
of NO.. Multiple studies have shown that BC may prevent nutrient leaching in agricultural
settings. Most cations such as Ca, Mg, K, and Na are conserved because to the cation
exchange associated with acidic functional groups produced on BC surfaces during the
oxidation process (Gai, 2014). It has been shown that BC's cation exchange capacity (CEC)
increases with time in soil and is one of the most important surface chemistry qualities that
may improve nutrient retention (Clough et al, 2013). Biochar modifies the composition and
physical characteristics of soil solutions, changing the retention of nutrients. Because BC has
a higher pH value and is often employed as a liming agent in several agricultural soils, it may
indirectly influence soil nutrient solubility through pH variations (Rogvska et al, 2016). Biochar
may also alter soil physical qualities such as bulk density, water retention, soil structure,
aggregate stability, and total porosity, which affects nutrient retention. Following the addition
of pelletised BC, Andrenelli et al, (2006) observed a significant improvement in soil water
retention qualities, with total water held in soil pores increasing from 18 to 25% and soil bulk

density decreasing, indicating a potential for nutrient retention through reduced water mobility.
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CHAPTER 3: MATERIAL AND METHODS

3 .1. Soil sampling for use in the study

Soil samples were collected at Matavhela Village at latitude -22.67276° or 22° 40’ 22” south;
longitude.30.51862° or 30° 31’ 7” east; Elevation 887 metres (2.910 feet). Soil samples were
obtained at random from depths ranging from 0 to 20 cm using spades and carefully mixed to

create a composite sample.

3.2. The experiments

The study consisted of two experiments:

Experiment 1 (laboratory experiment): Effect of biochar type and rate of application on
leaching and retention of NH4s* and NOs’

Experiment 2 (nursery experiment): Effect of biochar type and rate of application on Maize
Biomass accumulation and N Uptake

Both experiments were conducted at the School of Agriculture, University of Venda.

3.3 Soil sample analyses

A sub-sample of the air-dried composite sample was sieved through a 2-mm sieve prior to
analysis. To characterise the soil, the physical (particle size distribution) and chemical (pH,
electrical conductivity, cation exchange capacity, and N, P, K, C, and Mg) parameters of the
soil sample were determined. Soil pH and electrical conductivity were measured with a pH
metre (Thomas, 1996) and EC metre (Rhoades, 1996) with a soil: water ratio of 1:2.5.
Exchangeable cations K, Ca, and Mg were determined using the ammonium acetate
extraction procedure; N was determined using the Kjeldahl (Kjeldahl, 1883) method; and P
was determined using the Bray No. 1 extract method (Bray, 1948). Bouyoucos' (1936)

hydrometer technique was used to evaluate soil texture.

3.4. Biochar preparation and characterisation

Poultry manure used in the greenhouse experiment and laboratory was collected from the
layers houses, and hay used was collected in the farm at the University of Venda.Poultry litter
was made out of a combination of sawdust and chicken dung for bedding. After being allowed
to air dry in a clear area, the chicken litter was broken up into small pieces in preparation for
pyrolysis. Hay was also allowed to air dry in a clear area and be prepared for pyrolysis. Poultry

12
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litter and hay were pyrolyzed in a kiln furnace that measured 1.4 meters in height and 1.3
meters in width for 60 minutes at 550 degrees Celsius with restricted oxygen. This process
produced poultry litter and hay biochar. Lanstar (Pty) (Ltd) provided ready-made acacia
biochar that was manufactured at 550°C. To facilitate further study, the chickens and acacia
charcoal were crushed and sieved (2.00mm). The pH, Ca, Mg, K of the biochars were
examined. According to Aller et al. (2017), the American Society for Testing and Materials
(ASTM D1762-84, 2001) changed the analysis for proximate analysis, which included fixed

carbon, moisture content, ash content, and volatile matter.

3.5. Experiment 1 (Laboratory experiment) set up and design

Treatments in experiment 1 consisted of a factorial arrangement of three biochar types
(acacia, hay, and poultry litter) and three biochar rates of application (0, 1, and 2% w/w),
arranged in a completely randomized design and replicated three times. PVC pipes with inner
diameter of 12 cm and length of 50 cm were used to build columns with PVC end caps. To
enable the soil to dry out and avoid anaerobic conditions, the column tops were left uncovered.
A layer of cotton wool was added at the base of each column to keep dirt and BC from falling
out, and a thick coating of coarse sand was placed at the bottom of each column to keep soil
from falling out. Three kilogrammes of the soil - BC mixture based on treatments stated above
were filled into the columns, resulting in an initial bulk density of about 1.5 g/cm?. Each column
received a single fertiliser treatment of 100 mg ammonium nitrate (NH4NO3) in solution form.
The fertiliser was diluted in 5 ml of distilled water and applied to the surface of each column in

equal drips. The columns were kept at room temperature (about 23 °C) in the laboratory.
3.5.1 Leachate collection and analysis

A funnel positioned above the centre of each column was used every two weeks to supply 200
ml of distilled water to the columns. Filter papers were put on the soil surface of the columns
to help disperse the water drips. Throughout the leaching process, the columns were freely
drained, and all leachate samples were collected in erlenmeyer flasks wrapped with foil to
reduce evaporative loss. Columns were leached every two weeks for ten weeks (70 days). To
minimise algal development, the leachates were collected every two weeks and refrigerated
before examination. The pH and electrical conductivity (EC) of leachates collected every two
weeks were determined. Following that, the leachate samples were filtered using Whatman

No 42 filter paper, and ammonium (NH.*) and nitrite (NO3’) levels were determined.
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3.5.2 Determination of exchangeable inorganic N at the end of the leaching period

At the end of the leaching experiment after 10 weeks, 250 g of soil in each column was
collected, mixed thoroughly, and analysed in triplicate for exchangeable inorganic N (NH.* and

NO3z’) adsorbed in the soil using the salicylate and Cd-reduction techniques (Mulvaney, 1996)

3.6 Statistical analysis

Analysis of variance (ANOVA) was performed using completely random design (CRD) model
and GensStat 64-bit software version 17.1. An ANOVA was used to analyse the impact of BC
type and application rate on NH4*, NOs", pH, and EC. The least significant difference (LSD) at
P<0.05 was used to separate the means in cases where there were significant differences

between the treatments means.

3.7 Experiment 2 (nursery experiment) set up and design

Pots with a 25 cm height and a 25 cm diameter were used for the experiment. Three different
types of BC (acacia, hay, and poultry litter) and three different application rates (0, 1, and 2%)
were used as treatments. The pots were filled with 5 kg of soil. All pots received an even
application of nitrogen fertiliser (LAN) at a rate of 100 kg N/ha. One week before planting, the
BC and ammonium nitrate treatments were applied to the soils. The three replications of the
treatments were set up in a completely random design (CRD). Before planting, the pots were
wetted and filled to 60% field capacity (FC), then given 24 hours to settle. Per pot, three maize
seeds were sown. The pots were watered and brought to 60% field capacity (FC). Maize crops
were left to grow up to 8 weeks (56 days), then harvested, dried, weighed, pulverised, and

tested for N content and absorption.
3.7.1 Determination of plant parameters
3.7.1.1 Biomass accumulation

Plants were sampled 56 days after planting (DAP) to determine biomass accumulation. The
samples were oven dried at 70° C for two days or until constant mass was achieved, and

thereafter they were weighed to determine biomass weight.
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3.7.1.2 Plant tissue analysis

3.7.1.2.1 N concentration

Samples used to determine biomass were ground and analysed for N concentration. The

combustion Kjeldahl method (Kjeldahl, 1883) was used to determine N concentration.
3.7.1.2.2 N uptake

Nitrogen uptake was determined as the product of N concentration and dry biomass

accumulation.

3.8 Statistical analysis

The ANOVA was carried out on the completely random design (CRD) model with the software
version 17.1 of GenStat 64-bit. The impact of biochar type and rate of application on biomass
accumulation and N uptake was investigated using an ANOVA. When there were significant
differences between treatments, mean separation was performed using the LSD at P<0.05.
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CHAPTER 4: RESULTS AND DISCUSSION

4.1 Physico-chemical properties of the soil

The initial physico-chemical properties of the soil used in the study are shown in Table 1. The
soil is very acidic (pH 3-5) with a very low CEC and a moderate EC, adequate amounts of
exchangeable Ca, Mg, and K, and low soil availability of phosphorus. The soil texture is sandy
loam.

Table 1: Physicochemical properties of the soil used in the experiments

Parameter Unit
Sand % 60.00
Silt % 22.00
Clay % 18.00
Textural class - sandy loam
pH (KCI) - 3.50
EC (mS m?Y) - 24.91
P mg/kg 3.00
Na mg/kg 2.00
K mg/kg 14.00
Ca mg/kg 271.00
Mg mag/kg 88.00
CEC Cmol (+)/kg 3.30
NH4* mg/g 13.09
NO3z mg/g 2.33
16
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4. 2 Chemical composition of acacia, poultry litter, and hay biochar

The chemical composition of acacia, poultry litter, and pine wood BC used in the study is
presented in Table 2. The acacia BC had an alkaline pH (9, 23), with low total N and available
P. The acacia BC had a high CEC and low Ca, Mg, and K content. The poultry litter BC had
alkaline pH (10.30), with low total N and moderate available P. The poultry litter BC contained
high amounts of Ca, Mg, and K with a high CEC. The hay BC had an alkaline pH of 8 (51),
with low total N and available P. The hay BC had a high CEC and a moderate amount of Ca,
Mg, and K content.

Table 2: Chemical composition of three different biochar types (acacia, poultry litter
and hay) used in the study

Parameter Acacia Biochar Poultry Biochar Hay Biochar
pH 9.23 10.30 8.51
EC (mS/m) 40.00 58.93 37.95
Ash (mg/kg) 164.00 170.00 157.01
C in Ash (mg/kg) 45 54 38
Moisture (%) 6.66 7.70 452
Total C % 56.70 56.00 54.00
Total N % 1.03 3.11 0.83
CIN Ratio (g/g) 55.10 18.1 20.35
CEC (Cmolwy/kg) 124.71 442.7 234.91
Available P (mg/kg) 0.50 24.00 12.11
K (mg/kg) 5.10 40.10 4.10
Ca (mg/kg) 18.40 32.00 20.13
Mg (mg/kg) 2.22 16.20 8.90
17
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4.3. Experiment 1
4.3.1 Total amount of leachate collected after leaching interval

The kind of biochar, the rate at which it was applied, and the interaction between biochar type
and application rate all had a significant impact on the quantity of leachates (P<0.01) (Table
3). Enhancement of the physical properties of the soils, leading to increased water retention
and acquisition (Atkinson et al., 2010). The quantity of leachate collected was much greater
when chicken litter biochar was used compared to the other two forms of biochar. In their
study, Glab et al. (2016) found that using poultry biochar led to an increased moisture content
during sampling. This finding supports the results drawn from previous short-term and
laboratory trials. Compared to other types of soil organic matter, it exhibited greater porosity
and surface functioning, which provided a valid justification for this. No significant difference
was seen in the quantities of leachate collected when biochar was applied at rates of 1% and
2%. In comparison to the control group (0%), the quantity of leachates collected rose by 46%

and 42% at the application rates of 1% and 2% BC, respectively (Table 3).
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Table 3: Total amount of leachate (ml) collected after leaching interval

Biochar Type Amount
of leachate

Hay Biochar 66.89°

Poultry Biochar 90.362

Acacia Biochar 76.44°

SEM 2.37

Rate of Application

0% 51.03°

1% 94.222

2% 88.40?2

SEM 2.39

F-Test Probability

Biochar Type (BT) i

Rate of Application (RA) b

BT x RA ok

**: P<0.01; (ns) not significant: P >0.05.2° Column means with different
superscripts differ significantly at P <0.05.N: NH4": ammonium,
NOs: Nitrate and SEM: Standard Error Mean.
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4.3.2 Effect of biochar type on concentration of NH4* leached during the 70-day period

The kind of biochar had a substantial impact (P<0.01) on the leached concentration of NH4*
as seen in Figure 1. The use of chicken litter BC resulted in a gradual reduction in the leached
NH4* concentration from the first day to the seventieth day of the leaching period. On the
fourteenth day, the amount of NH4* that was washed out was roughly 94% more compared to
the amount washed out from the hay and acacia biochar treatments. According to Adeliet et
al. (2009), chicken litter has been shown to enhance the organic matter content of soils, as
well as improve water retention, increase the penetration of oxygen into the soil, and enhance
soil aggregation. Contrary to nitrate, the capacity of BC to attract ammonium seems to be
unaffected by the temperature at which it is produced and is also influenced by the kind of
material used as a source (Clough et al, 2013). The leaching of NH4* exhibited its maximum
concentration during the first 14-day period. Subsequently, there was a fall in concentration
from day 14 to day 42, followed by a little rise on day 56. However, following the application

of chicken litter, there was a further decline in concentration until day 70.

There was no discernible disparity in the quantity of NH4* leached between the hay and acacia
BC treatments from day 14 to day 42. On day 56, the use of acacia BC resulted in a modest
rise in the NH4* content, as compared to hay BC. Having a wide surface area of biochar (BC)
provides agricultural advantages as it improves the ability of soil to retain water (along with
nutrients) when applied to soil that is abundant in macrospores (Glaser et al., 2002). Studies
conducted by Oh et al. (2004), Oh and Chiu (2009), Oh et al. (2012), and Klupfel et al. (2014)
have shown that black carbons and BCs possess redox reactivity and may operate as
catalysts in the reduction of various organic and nitrogenous chemicals. The reduction in redox
reactivity is ascribed to the condensed aromatic ring structures of BC, which enhance electron
transfer activities (Oh et al, 2012). The leaching of nitrogen, both in organic and inorganic
forms, may have been reduced by the presence of charcoal. While leaching is likely the
primary cause of nitrogen loss in the soil being studied, this research was unable to identify
the exact amount. The rise, however, was short-lived as the NH.* content quickly decreased

until day 70 in all BC treatments (Fig 1).
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Figure 1: Effect of biochar type on concentration of ammonium leached after (70) days
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4.3.3 Effect of biochar application rate on concentration of NH4" leached during the 70-

day leaching period

The application rate of biochar had a significant impact (P<0.01) on the concentration of NH,*
that was washed away on various days (Fig. 2). After a duration of 14 days, the concentration
of leached ammonium was found to be greater at a concentration of 2% (31.39 mg/l) and 1%
(16.02 mg/l) compared to the control. In a study conducted by Wang et al. (2015), it was
discovered that the addition of 2% and 4% biochar resulted in a decrease in leached NH4" to
levels of 2.59 and 3.56 mg/kg, respectively. Between day 15 and day 42, there was a
progressive drop in the concentration of NH4*. After that, there was a little rise until day 56,
followed by another decline until day 70. On the 56th day, the amount of NH,* that was washed
away was greater in the control group and the group treated with 1% biochar compared to the
group treated with 2% biochar (Fig 2). Recent research has shown that biochar has the ability
to absorb nutrients from fertilisers and then release them in a controlled way at times. Ding et
al. (2016) said that biochar's characteristic makes it a viable option for use as a slow-release
fertiliser. This might be advantageous in terms of mitigating nutrient losses via leaching in
agricultural systems.

—f 0%
* —=— 1%
30 .', P<0.01 coolles 204
25 .
20

15

10

Concentration of NH,+ leached (mg/l)

14 28 42 56 70
Number of days

Figure 2: Effect of rate of application on concentration of ammonium leached during

the 70-day leaching period
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4.3.4 Interactive effect of biochar type and rate of application on concentration of

ammonium leachate during the 70-day leaching period

An interaction impact of biochar type and application rate of biochar on the concentration of
NH4* over the 70-day leaching period was observed, and this effect was statistically significant
(P<0.01) (Fig. 3). The leaching of NH4* from the 2% poultry litter BC treatment was 92.33 mg/I
more than that of the control and other BC treatments on day 14. This suggests that soils
enriched with acacia and hay biochar types had a higher retention of nutrients. Soils treated
with Acacia BC had the lowest level of water leaching. In a study conducted by Sika (2014), it
was shown that the application of acacia BC to a sandy soil in South Africa resulted in a
decrease in the leaching of ammonium and nitrate. However, it was also seen that the levels
of exchangeable ammonium and nitrate were decreased, indicating that the nutrients may
have been absorbed into the pores of the BC. On days 28 and 42, there was no discernible
disparity in the quantity of NHs" leached between the hay and acacia BC treatments,
regardless of the biochar application rates. When comparing all BC types, the use of all BC
resulted in a little rise in the concentration of NHs" on day 56. The results indicate that
electrostatic adsorption takes place at exchange sites and reduces N leaching resulting from
the impact of applied NH4* (Steiner et al., 2008). BC, with its adsorption capabilities and ability
to inhibit the gradual nitrogen loss, has the potential to serve as a soil supplement for nutrient
retention. The concentrations of NH4* then exhibited a fast decline across all application rates
by day 70 (Fig 3). Laird et al. (2010) proposed that the cause of this phenomenon is the larger
surface areas and the presence of denitrifying bacteria, which leads to a decrease in NH4*
levels as a result of the wetness in the leaching columns. Furthermore, it is believed that the
reduced carbon-to-nitrogen ratio of poultry litter BC enhanced microbial activity, leading to a

temporary immobilisation of nitrogen, as shown by Lehmann et al. (2003).
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Figure 3: The interactive effects of biochar type and rate of application on concentration

of ammonium leachate during the 70-day leaching period.
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4.3.5 Effect of biochar type on concentration of NOs" leached during the 70-day leaching

period

The impact of the kind of biochar on the concentration of leached NO3s™ was not statistically
significant during the 70-day leaching period, as shown in Figure 4. Nevertheless, the biochar

made from chicken litter consistently showed greater amounts of NO3™ for the whole 70-day

leaching period.
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Figure 4: Effect of biochar type on concentration of NOs leached during the 70-day

leaching period

25

© University of Venda




)
o

&) university of venda
Creating Future Leaders
C

4.3.6 The effect of biochar rate of application on concentration of NOs™ leached during
the 70-day leaching period.

There was no notable impact on the concentration of nitrate leached over the 70-day leaching
period, regardless of the rate at which biochar was applied (Fig. 5). Each treatment showed a
consistent pattern of an initial rise in NO3 concentration from day 14 to 28, followed by a
subsequent decrease in NOs™ concentration until day 70.
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Figure 5: Effect of rate of application on NOs” concentration during the 70-day leaching
period.
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4.3.7 Interactive effect of biochar type and rate of application on Electrical Conductivity

(EC) of leachate during the 70-day leaching period

At both the 14-day and 28-day time points, the 1% poultry and hay BC treatments exhibited
the greatest electrical conductivity (EC) levels, in comparison to the 2% treatment and the
control. Conversely, the 1% acacia treatment had lower EC levels than the control (Fig.6).
After 42 days, the EC (electrical conductivity) of the 2% treatments was higher than that of the
1% treatments and the control. The poultry BC treatment with a concentration of 2%
consistently showed higher EC (electrical conductivity) levels compared to the treatment with
a concentration of 1% and the control group at both 56 and 70 days. Regarding the treatment
of acacia BC, there was no discernible variation in EC (electrical conductivity) between the 1%
and 2% treatments after 56 days. However, after 70 days, the 1% acacia BC therapy exhibited

a considerably greater EC compared to both the 2% treatment and the control group.

The electrical conductivity (EC) values exhibited fluctuations starting from day 56 and
consistently stayed at a low level until the conclusion of the leaching period. In their study,
Ding et al. (2010) discovered that soil columns containing 0.5% biochar (BC) and nitrogen (N)
delivered as ammonium chloride exhibited reduced electrical conductivity (EC) in the leachate.
Given the established understanding that both irrigation and rainfall progressively eliminate
salts from soil, it was anticipated that the observed electrical conductivity (EC) would decrease
with time for all treatments. From day 56 to 70, there was a decrease of 2% in the poultry litter.
Subsequently, the 1% hay BC treatment consistently displayed a greater EC (Electrical
Conductivity) compared to both the 2% treatment and the control. However, there was no
statistically significant difference seen between the 1% and 2% treatments. The observed
increase in organic carbon intake from BC is likely responsible for this phenomenon.
Interestingly, acacia biochar, regardless of the treatment rate, exhibited reduced electrical
conductivity (EC) when compared to hay and poultry BC.
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Figure 6: Interactive effects of biochar type and rate of application on leachate EC

during the 70-day leaching period.

4.3.8 Nitrate (NO3) and ammonium (NH.*) retention at the end of the 70-day leaching

period

The kind of biochar had a noteworthy impact on nitrate retention (P< 0.01), while the
application rate had a notable impact on both ammonium and nitrate retention in the soil under
investigation (Table 4). The application of poultry and hay biochar (BC) led to a considerably
greater nitrate retention in the soil under study compared to acacia BC. BC's ability to absorb
NO;z from aqueous solutions (Zheng et al, 2013) might be a contributing factor to the decrease
in NOs leaching. The results indicate that columns containing a mixture of biochar saw a lower
leaching of components. This suggests that the reduction in leaching is a result of
incorporating biochar. Therefore, it is essential to effectively control the electrical neutrality of
the soil solution system in order to comprehend the movement of nutrients at a fundamental
level. To do this, it is necessary to ensure that the movement of anions is accompanied by the

movement of cations (Major et al, 2005).

Applying 2% BC led to a significant increase in the retention of NHs" and NOs" compared to
the control and 1% BC. 2013. Biochar has the ability to retain NH4* in soils by undergoing
cation exchange through acid functional groups (such as carboxyl and hydroxyl) on its surface.
However, the cation exchange capability of fresh biochar is limited and varies depending on
the feed stocks and production circumstances. BC, with its adsorption qualities and ability to

reduce nitrogen leaching losses over time, has the potential to serve as a soil supplement that
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effectively maintains nutrients. The reduction in NH4* leaching from the soil modified with BC,
without any other substances, may be attributed to the adsorption of NH4* on the BC.
Regarding the NH4" ion, there was no discernible disparity in retention between the 1%
treatment and the control. However, in the case of NOs, the 1% treatment exhibited a
considerably greater level of NO3™ retention compared to the control. Biochar has the potential
to modify the conversion of nitrogen in soils, leading to reduced nitrogen loss, as well as
decreased leaching and increased absorption of ammonium and nitrate ions (Ball et al, 2010;
Clough and Condron, 2010). The application of BC at a concentration of 2% resulted in NH4*
retention rates that were 14.9% and 6.1% greater than the control and 1% treatment,
respectively. Additionally, the NOs retention rates were 83.6% and 42.1% higher than the
control and 1% treatment, respectively. Based on the study results, BC, which is a very
effective ion adsorbent, has the potential to greatly reduce the leaching of easily movable
nutrients like nitrate from fertilisers in sandy loam soils. This might lead to a temporary

immobilisation of nitrogen, resulting in a nitrogen deficiency.

Table 4: Effect of biochar type and rate of application on nitrate and ammonium
retention at the end of the 70-day leaching period.

Biochar Type NH4* NOs
Concentration Concentration
(mg/l) (mgll)
Hay Biochar 8.82 4.302
Poultry Biochar 8.83 4,732
Acacia Biochar 8.78 2.57°
SEM 0.15 0.19
Rate of Application
0% 8.07° 2.81°
1% 8.74° 3.63°
2% 9.272 5.162
SEM 2.39 0.19
F-Test Probability
Biochar Type (BT) ns *x
Rate of Application (RA) hid ok
BT x RA Ns Ns

**: P<0.01; (ns) not significant: P >0.05.abc Column means with
different superscripts differ significantly at P <0.05.

, NH4*: ammonium, NOs: Nitrate and SEM: Standard Error Mean
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4.4 EXPERIMENT 2

4.4.1 Biomass accumulation and N uptake

The kind and application rate of biochar had a notable impact on the build-up of biomass
(P<0.05) and the absorption of nitrogen (P<0.01) (Table 5). The use of poultry biochar resulted
in enhanced biomass build-up. The rate of application of 2% resulted in a 48.83% increase in
biomass build-up and a 58.28% increase in N absorption. The application rate of chicken litter
BC, followed by hay BC and acacia BC, used in this study was likely sufficient to enhance the
biomass accumulation of the maize plant. The use of biochar has been shown to improve the
growth of biomass in both controlled and natural environments (Blackwell et al, 2009).
According to Steiner et al. (2007), there is evidence of a progressive increase in the favourable
effects of BC over time. Their study suggests that applying BC to soil might lead to long-term
benefits. Cornelissen et al. (2013) and Smider and Singh et al. (2014) provided evidence that
the application of 40 t/ha of BC resulted in improved dry matter and yield in several crops.

Glaser et al. (2002) conducted study on the impact of BC on soil health and agricultural
productivity. They studied various soil types and management practices, yielding diverse
outcomes. The application of poultry litter biochar resulted in an estimated dry biomass output
of 27g, whereas hay biochar produced 18g and acacia biochar gave 15g, respectively. The
use of BC was influenced by agricultural methods, crop type, climatic circumstances, and
fertilisation, which in turn affected the responses of plants and soil. The results, however,
suggest that using BC at a rate above 2 t/ha might potentially enhance the biomass yield of
maize plants. Nevertheless, field experiments may be required to ascertain the ideal treatment

rate for achieving maximum biomass production.

4.4.2 Effect of biochar type and rate of application on N uptake of maize

The pace of biochar application has an impact on the absorption of nitrogen. The current study
revealed that the application of BC at a rate of 2% led to a significant increase in nitrogen
absorption, with a value of 254.1 g/kg. This was followed by 199.95 g/kg at a rate of 1%, and
106.22 g/kg at a rate of 0%. These findings are summarised in Table 5. Uzoma et al. (2011)
reported a significant increase in nutrient absorption after the application of biochar, which
was likely due to the use of biochar made from cow dung as the source material. The study
saw a significant uptake of nitrogen. However, the extent of absorption may vary depending
on the specific BT employed. In this case, chicken dung feedstock was used, which
mineralizes at a slower rate compared to other feedstocks. Consequently, it will take longer
time for nitrogen to be taken up. Based on the abundance of nutrients in the soil, Uzoma et al,
(2011) proposed that a moderate amount of BT application (15 to 20 t/ha) might potentially
have a positive effect on the soil and enhance nutrient uptake. Unlike the previous study, the
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application of 2% BT had a positive effect and enhanced the absorption of nutrients, perhaps
due to the increased availability of nutrients in the soil. Given that N uptake values were
determined based on dry matter yield and N content, the N uptake values exhibit a comparable

trend to biomass yield.

The increase observed from a 0% to 2% rate can be attributed to the release of Biochar Type
nutrients (both cations and anions) that are loosely bound, into the soil solution. This makes
them readily available for absorption by plants. Thus, the decrease in nitrogen absorption is
caused by the small proportion of black carbon that may easily be converted into minerals,
leading to nitrogen immobilisation (Chan and Xu, 2009). This is particularly crucial since the
remaining nitrogen in charcoal is mostly composed of refractory heterocyclic nitrogen rather
than accessible amine nitrogen (Cao et al., 2009; Novak et al., 2009). The combined influence
of biochar type and application rate did not have a significant impact on the build-up of biomass
and absorption of nitrogen. In this research, it was shown that different soil-BC mixes showed
restricted nitrogen uptake when no fertiliser was supplied. Consequently, the growth was
limited when the acacia BC treatment amount was 0 t/ha. Nevertheless, considering the
elevated nitrogen concentration in the plant, it is improbable that the reduced growth may be

attributed to insufficient nitrogen absorption.
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Table 5: Effect of biochar type and rate of application on biomass accumulation and N

uptake

Biochar Type Biomass N uptake
(g/kg/plant)  (g/kg/plant)

Hay Biochar 8.02° 157.542
Poultry Biochar 27.918 265.832
Acacia Biochar 14.50% 137.40°
SEM 3.17 23.50
Rate of Application
0% 12.88° 106.22°
1% 22.042 199.95%
2% 25.172 254.612
SEM 3.17 23.50
F-Test Probability
Biochar Type (BT) * Hok
Rate of Application (RA) * *x
BT x RA ns ns

**: P<0.01; (ns) not significant: P >0.05.abc Column means with different superscripts
differ significantly at P <0.05 and SEM: Standard Error Mean
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CHAPTER 5: CONCLUSION AND RECOMMENDATIONS

5.1 Conclusion

The results of experiment 1 demonstrate that the utilisation of BC may effectively decrease
the leaching of highly mobile nutrients such as NH4+ and NO3-. The quantity of leachates
collected had a 46% and 42% rise at the 1% and 2% biochar application rates, respectively.
The retention of ammonium and nitrate rose by 1.62% and 16.2% respectively, when applied
at a rate of 2%. When compared to the control group, where no BC was applied, the addition
of BC considerably decreased the leaching of ammonium by 1% on days 56-70 and by 2%
(w/w) in soils modified with BC. Biochar increased electrical conductivity (EC) levels in all
biochar treatments (BT) and effectively retained ammonium ions (NH4+) and nitrate ions
(NO3-). Therefore, the findings indicate that BC has the potential to decrease the overall
leaching of nitrogen over a period of time and at higher concentrations. In addition, although
BC may have a decreasing influence on the leaching of inorganic N from soils, it is not able to
effectively reduce leaching in the short term since not all nitrates were leached by the end of

the ten-week study.

Experiment 2 has shown that the kind of feedstock had a significant effect on the build-up of
biomass and the absorption of nitrogen. Application of chicken litter, hay, and acacia BC
resulted in higher maize biomass build-up and nitrogen absorption, respectively.
Nevertheless, the formation of BC biomass was reduced when no fertiliser was administered,
namely at 0% (control). The use of biochar had an impact on the absorption of nitrogen. The
use of biochar had a favourable effect on nitrogen absorption, resulting in improved plant
production. In order to assess and measure the lasting agronomic and environmental impacts

of biochar on agricultural soils, it is necessary to conduct field trials.
5.2 Recommendations

According to this study and other research, biochar has the capacity to enhance soils with
different textures. Given that the properties of biochar (BC), such as pH and nutrient
availability, are influenced by the feedstock and pyrolysis conditions used to produce it, it is
advisable to do research on various pyrolysis procedures using diverse feedstocks in order to
generate BC suitable for soil application. Additional research using the same biochars used in
this study, but with modified rates, might be undertaken to ascertain the optimal rates for
utilising them as a soil amendment for nitrogen control. Given the constraints of conducting
this research in a controlled setting, such as limited temperature and moisture conditions, it is
advisable to carry out field experiments in order to get definitive findings about the use of BC
as a soil amendment. Lastly, research may include various soil types and biochar derived from

diverse feedstocks.
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Figure 7: Effect of biochar type and rate of application on concentration of nitrate
after (70) days
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Figure 8: Effect of biochar type and rate of application on leachate pH values after (70)

day
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