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ABSTRACT

South African soils contain lesser percent organic carbon content compared to soils
from many parts of the world. The loss in organic carbon content reduces soil fertility
and drives an ever increasing demand for the use of soil amendments to enhance
soil fertility. The study consiststed of a greenhouse pot experiment and a laboratory
incubation experiment. The objective of a greenhouse study was to assess the
effects of biochar and poultry litter application on maiize productivity under different
soil types. Treatments consisted of different soil types and amendments of biochar
and poultry litter. Soils were collected from four sites (Mutshenzheni, Rambuda,
Tshiombo Irrigation and Tshiombo Madzivhandila) representing different soil types
(Westleigh (We1), Hutton (Hu), Westleigh(We2) and Shortlands (Sd), respectively.
Soils were amended with biochar and poultry litter. The amendments consisted of
various mix ratios of biochar (BC) with poultry litter (PL) as treatments, which are
namely, BCoPLo, BCi00PLo, BC7sPL2s, BCsoPLso, BC2sPL7s, and BCoPLioo. Soil
amendments were applied at different rates of 0- 5t ha' PL and 0- 40 t ha! BC.
Treatments were laid out in a completely randomize design (CRD) and replicated
three times. Biochar and poultry litter application exerted no significant difference on
soil pH of We2, Sd, and Hu soils. However, the effect of biochar and poultry litter
application was significant at soil Wei. In contrast, application of biochar and poultry
litter had no effect on soil total N of soil We1, Wez, and Hu and was significant on soll
Sd. The results of this study showed that application of biochar and poultry litter
treatments had no significant effect on both the maize growth and nutient uptake at
early stages ( Week 1 and Week 2). However, the application of biochar and poultry
litter treatments had a significant difference (p = 0.001) on maize growth and nutrient
uptake at a later stage ( Week 3 to Week 6). Therefore, there is a potential to
ameliorate fertility constraints in agricultural soils using biochar combined with poultry
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litter. Though biochar possesses some essential elements required for plant growth,
sole application reduces its efficiency with its effectiveness confirmed only when
applied in combination with organic-based materials such as poultry litter. The
laboratory incubation experiment assessed the effects of different biochar rates on
soil chemical and bio-quality parameters. Each treatment consisted of a 200 g of soil
(We1, Hu, We2 and Sd) homogenously mixed with biochar amendments (0, 10, 20,
and 40, t hal). The treatments were laid in a completely randomize design (CRD)
and replicated three times. Soil sampling was done on day 0, 30, 60, 90, and 120,
and samples were analyzed for soil available P and N and bio-quality parameters
namely microbial biomass nitrogen, microbial biomass carbon, urease, alkaline and
acid phosphatase, B glucosidase, soil organic carbon, and dehydrogenase activity.
The results of the study revealed various responses of soil bio-quality parameters
and selected soil chemical properties after biochar and poultry litter application.
Thus, the effects of biochar rate, incubation days and soil type on soil enzymes and
other bio-quality parameters elicited an understanding on microbial activity and soil
enzymes mechanism . Therefore, a prolonged study (more than 120 day) is required

to evaluate the effects of incubation days, biochar rate and soil type effect on soll

nutrients and bio-quality parameters.
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Chapter One
1. Introduction

1.1. Background information

Soil quality is an important factor that determines the nature and capacity of the
ecosystem to support plants and animals (Khan and Huq, 2014). Thus, the processes
carried out in soil should maintain and conserve both the nutrient and quality of the soil.
Soil organic matter is a vital determinant and component of soil quality. Furthermore,
numerous reports abound on the significant correlation between soil quality and soil
microbes (Meliani et al., 2012 and Rao et al., 2019). Nonetheless, the continuous loss
of organic matter in soils for most areas of the world represents a major concern (Paz-
Ferreiro et al.,, 2012). This depletion, which leads to a decline in soil fertility, is
associated with a loss of both soil quality and the carrying capacity of the ecosystem to
provide services. The decline in soil fertility is attributed mainly to continuous cultivation,
coupled with rapid organic matter mineralization (Chivenge et al., 2007). Furthermore,
soil degradation has been identified as major cause of food insecurity and poverty.
According to Du Preez et al. (2011), soil degradation in South Africa poses a serious
threat to sustainable agriculture with 58% of soil containing less than 0.5% organic
carbon content while only 4% contain more than 2% organic carbon. Consequently,
there is a need to preserve organic carbon pools in soil. Generally, 2 to 5% of organic
matter decomposes annually and the remainder constitutes the majority of carbon
stored in mineral soils, which is stable on time scales of centuries to millennia (Horwath,
2005; Whitman and Lehmann, 2009). Therefore, the first role that the soil played
historically as sources or sinks of carbon is associated with changes in land
management (Trumbore, 2000). This distinctive characteristic illustrated by the fertility
of the Terra preta soils of the Amazon that has retained charcoal over thousand years is

the motive of an increasing interest in using biochar as a soil fertility enhancer
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(Lehmann et al., 2003). Biochar is a charC®al produced through pyrolysis in an oxygen-
limited environment (Deem and Crow, 2017). Biochar’s recalcitrant nature facilitates the
general accrual and retention of soil organic carbon (SOC), where it is rapidly decayed.
Therefore, biochar addition to soil could provide a potential sink for carbon (Duku et al.,
2011) and contribute to reduced global warming (Atkinson et al., 2010). Biochar
addition has been reported to influence the activity of soil microorganisms by enhancing
available soil nutrients (dissolved organic matter, P, Ca and K), adsorption of toxic
compounds and improved soil water and pH status, hence a changed soil microbial
biomass (Lehmann et al., 2011). In addition, biochar application to soil provides a
recalcitrant food source for microbes, favourable habitat for soil microflora and alters
predation rates by soil micro-fauna (Pietikdinen et al., 2000; Warnock et al., 2007).
Khan and Huqg (2014) showed that biochar has gained recognition as an effective tool
for enhancing soil health by storing carbon and other nutrients in the soil. Emphasis is
increasingly being turned away from a strictly chemical approach for assessing soll
fertility and other important soil qualities. Instead, a biological approach is required to
assess soil processes related to crop production, soil quality and overall soll
sustainability (Fauci and Dick, 1994). Soil organisms provide a myriad of ecosystem
services and hence, understanding its response after biochar addition to soil is critical in
ensuring soil quality (Warnock et al., 2007). Nevertheless, organic matter in soll
changes over time due to weathering process, interactions with soil minerals and
oxidation by microorganisms in soil (du Preez et al., 2011). This provides the reason for
using soil biological activities as indicators of soil organic carbon. Soil microbial
biomass, particulate organic matter, dissolved organic carbon, dehydrogenase, [3-
glucosidase, acid and alkaline phosphatase are used to reflect the microbiological
activities in soil (Mondini et al., 2004). Soil microbial biomass C and N, are the driving
force in the decomposition of organic materials and are frequently used as early

indicators of agricultural ecosystem (Baaru et al., 2007).
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The organic matter available in soil depelds rgnainly on the size and the activity of the
microbial biomass (Piotrowska and Koper, 2010). Soil enzymatic production is also
strongly connected to the soil organic matter (SOM) because reduced SOM production
decreases the soil enzyme activities (Kumar et al., 2013). Higher organic matter level
provides enough substrate to support higher microbial biomass, hence higher enzyme
production (Yuan and Yue, 2012). Enzymes are essential to all living cells since they
are able to catalyse the biological and chemical processes in the soil. Soll
dehydrogenase enzymes are responsible for biological oxidation of organic matter by
transferring the hydrogen electrons from the organic substrate to inorganic electron
acceptor (Ghaly and Mahmoud, 2006). Glucosidase enzymes are more involved in
cellulose degradation while phosphatase, are intimately involved in P cycling; and both
influence fertilizer use efficiency (Piotrowska and Koper, 2010). Moreover, soil microbial
activities strongly affect soil function, and consequently, crop growth and yield

(Piotrowska and Koper, 2010).

Direct application of poultry litter alone may cause environmental concerns such as
odour and leaching of nutrients in agricultural lands (Inal et al., 2015). Nonetheless,
poultry litter is a greater source of nutrients and improves availability of nutrients (Lentz
and Ippolito, 2012). It is well known that biochar application on soil improves microbial
abundance, nutrient availability and contribute to reduced global warming (Duku et al.,
2011; Atkinson et al., 2010; Warnock et al., 2007). However, Biochar efficiency with
poultry litter is unclear (Inal et al., 2015). Chan et al. (2007) and Major et al. (2010),
reported improved nutrient concentrations after application of biochar and poultry litter
while Lentz and Ippolito, (2012), reported a decrease in iron after poultry litter and
biochar application. In a 6-week greenhouse maize experiment showed improved maize
and bean growth after biochar and poultry litter application (Inal et al., 2015). Therefore,

biochar of poultry manure could be used effectively for agricultural purposes.
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Maize (Zea mays L.) is a staple grain cfp grown in South Africa and consumed by
more than half of the population as a primary staple food (Makhaga et al., 2011).
Ramaru et al. (2000) revealed that soil fertility decline affects maize growth and vyield.
Furthermore, Mabapa et al. (2010) attributed soil fertility decline to continuous cropping
without organic and inorganic fertilizer use. In addition, Gichangi et al. (2002) reported
that fallow periods are no longer feasible with increased human population and land-
use pressure. Limited rainfall, risks from erratic climate and high fertilizer cost have
reduced the use of fertilizers (Odhiambo et al., 2010). Therefore, there is a need for the
introduction of alternative soil fertility improvement strategies to enhance and sustain
crop productivity. Biochar as a soil amendment improves quality and fertility in different
soil types (Blackwell et al., 2009). Biochar amended soils are also characterized by high
level of organic matter (OM), higher CEC, pH, base saturation and nutrients such as N,
P, K, Ca and improve crop production (Kristin, 2011). There are hardly any studies
done in South Africa on the interaction of biochar application with soil microbial
activities. Further research is required to understand how biochar amendments in

different soil types affect the activities of soil microbes, plant growth and nutrient

uptake.

1.2. Problem statement

Soil fertility is generally low in the tropics, due to rapid organic matter mineralization and
the presence of highly weathered secondary minerals (van Wambeke, 1992). South
Africa’s smallholder farming conditions are worsened by soil fertility decline, which is a
principal and pervasive constraint to crop production (Lynch, 2009). However, soil
fertility improvement has been successfully achieved through inorganic and organic
fertilizer use. Major disadvantages inherent in the use of inorganic fertilizers include
higher cost and lower accessibility to emerging farmers (Sohi et al., 2010; Mabapa et

al., 2010). While cover crops, mulches, compost, or manure additions have also been
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reported to improve nutrient use efficiency, thgey mineralize rapidly in soil and last for
only a few growing seasons (Lehmann and Rondon, 2006). There are scant records on
studies that show the interaction of biochar and poultry litter application with soil
microbial activities in South African soils. Therefore, further research is required to
understand how biochar amendment in different soil types affect the activities of soll

microbes, plant growth and nutrient uptake.

1.3. Justification of the study

Amending soils using biochar has a potential to improve the fertility of the soil by
altering the chemical and physical properties of the soil (Mbagwu and Piccolo, 1997).
Thus, biochar application to soil is crucial in maintaining appropriate levels of soil
organic matter and biological cycling of nutrients (Jien et al., 2015). Moreover, biochar
application to soils has a potential of improving soil nutrient retention and water-holding
capacities, and sustain carbon storage thereby reducing greenhouse gases emissions
(Duku et al., 2011). Biochar addition to soil transforms nutrients by creating a larger
microbial biomass thus increasing soil nitrification and changes the pH of the soil.
Uptake of N and P by plant is stimulated by the production of mineralizing enzymes
(Lehmann et al., 2011). On the other hand, biochar application to soil mitigates
emission of other greenhouse gases because of the ability to stabilize the liable carbon
in soil. Hence, improved soil fertility status has a positive response to crop production,
grain yield and dry matter through soil carbon stabilisation. Consequently, improved
crop yield will lead to increased food availability, which will ensure food security and
lead to better nutrition and income. The findings from the study will add on knowledge
that already exists about biochar and poultry litter application effects on maize
production, and benefit smallholder farmers by improving their crop production through
well manage soll fertility. The issue of food insecurity has been critical in many parts of

the world including South Africa, and particularly at rural household level. Earlier report
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has linked food insecurity closely to Ichrop production, low income, poverty and
unemployment (van Averbeke and Khosa, 2007). However, low crop production levels

still exist in South Africa compared to many other parts of the world.

1.4. Objectives

1.4.1. Overall objective
The overall objective of this study was to assess the effect of biochar and poultry litter
application on maize growth, selected soil bio quality parameters and chemical

properties in different soil types.

1.4.2. Specific objectives

The specific objectives were to determine the effects of applying biochar and poultry
litter in different soil types on;

i. Soil bio-quality parameters

ii. Selected soil chemical properties (pH, EC, N, P, K, Ca, Mg, and total C)

iii. Maize dry matter (DM) yield

1.5. Hypotheses

i. Biochar and poultry litter application will affect soil bio-quality parameters

ii. Biochar and poultry litter application will affect selected soil chemical properties (pH,
EC, N, P, K, Ca, Mg, and total C)

iii. Biochar and poultry litter application will affect maize dry matter (DM) production

© University of Venda
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Chapter Two

2. Literature review

2.1. Biochar

Biochar is defined as a by-product of the process of pyrolysis, which is derived from the
black carbon biomass, and intended to amend soil (Lehmann and Joseph, 2009).
Biochar is a solid carbon-rich material produced by heating biomass in an oxygen-
limited environment. Traditional charcoal production using earthen and brick kilns,
vented a large amount of volatiles causing atmospheric air pollution compared to
modern pyrolyzers, which captures production of bio-fuels and syngas (Zheng et al.,
2010). Biochar is essentially charcoal produced for agricultural purposes. Thus, the use
of biochar as a soil additive is proposed as a means to simultaneously mitigate
anthropogenic climate change effects whilst improving agricultural soil fertility. Soils
throughout the world contain biochar deposited by natural events such as land clearing
by field fires (Krull et al., 2008). Lehmann and Rondon (2006) showed that biochar is a
recalcitrant organic carbon that contains soil micro- and macro-nutrients. This distinctive
characteristic is illustrated by the fertility of the Terra preta soils in the Amazon, which
has retained charcoal for over thousand years. In contrast to other chars, biochar
comprises of mainly stable aromatic form of organic carbon, which cannot readily
degrade, or be emitted to the atmosphere as carbon dioxide even under favourable
environmental and biological conditions (Sohi et al., 2010). Consequently, studies
indicate that biochar may also decrease emission of other greenhouse gases such as

nitrous oxide and methane (Zheng et al., 2010).
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2.2. Biochar production

Biochar is a highly stable compound created by heating biomass at high temperatures
between 350°C and 600°C in anaerobic conditions (Whitman and Lehnmann, 2009).
Biochar is one of the most abundant renewable resources available globally. Though
there are varieties of feedstock, biochar in South Africa is mainly made from agricultural
residues such as sugar cane bagasse, maize stock and organic wastes (Uras et al.,
2012). Traditionally, most agricultural residues were scarcely utilized (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).

Mineral ash constitutes about 1-20% by 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 constitute 1-10% by
weight (Duku et al., 2011). High yield biochar is generated when a lignin rich feedstock
is pyrolyzed at high temperatures (Demirbas et al.,, 2006). Thus, high productive
biomass such as grasses are highly recommended compared to biomass which are

characterized by low mineral and nitrogen content.

2.3. Effect of biochar on soil microbial biomass carbon and nitrogen

Soil microbial biomass (SMB) is defined as an active component of the of ecosystem,
which regulates many critical functions and properties of soil and environmental
gualities. The functions and processes include nutrient cycling, decomposition of
organic residues, structural stability, and indicator of soil pollution and bioremediation
(Islam and Wright, 2004). Biochar effects on soil biological processes are not well

understood (Lehmann et al., 2011). This is reflected in high variability in the response of
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soil microbial biomass to biochar additior™s reported in the literature (Grossman et al.,
2010; Khodadad et al., 2011; O’Neill et al., 2009). There is a huge variability in physical
biochar structures depending on the parent material and the conditions present at their
formation (Czimczik and Masiello, 2007). Zang et al. (2014) showed that biochar
amendments have no significant effect on soil microbial biomass and suggests a shift to
a more bacteria dominant community with biochar addition.

Other studies have reported that biochar amendments reduced soil microbial biomass
through toxicity effect (Dempster et al., 2012). In contrast, Kolb et al. (2009) reported
that microbial biomass and activity significantly increased with biochar application.
Furthermore, Yoo and Kang (2011) reported greatly enhanced microbial biomass N with
decreased C/N ratio following biochar application in soil. Increased microbial biomass
N suggests microbial immobilization of N while a significant decrease in microbial C/N

ratio in the biochar treated soil suggests a possible shift in microbial community

structure (Haytham, 2012 and He et al., 2013).

Biochar application rates and soil type also affected response of soil microbial biomass
(Lehmann et al., 2011). Dempster et al. (2010) showed a decline in soil microbial
carbon after biochar application at rates 0, 5 and 25 t/ha and improved soil fertility of a
coarse textured top-soil. In a study conducted by Chen et al. (2015) in the Western part
of Australia, the initial microbial biomass C: N ratio of 8: 1 did not show any difference
from the biochar addition at 5 t/ha, but showed a declined ratio of 5:1 with biochar
addition at 25 t/ha. Chen et al. (2015) concluded that biochar application on soil has no
significant effect on soil microbial nitrogen. Biochar addition to soil supplies carbon to
upgrade microbiologically unfavourable C/N ratios in nitrogen rich environment

(Odugbenro et al., 2019).
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2.4. Effect of biochar on soil enzyme activittes
Enzyme activity is defined as a biochemical technique used to reveal information about
the enzyme metabolic processes (Shaw and Burns, 2006). Soil enzymatic activities are
often linked to important soil parameters such as organic matter, soil physical properties
and microbial activity and can be integrated to past soil biological management (Dick
and Kandeler, 2005). Biochar can stimulate overall microbial activity in the short-term
(Smith et al., 2010). As a result of possible limitations of microbial stimulation, some
enzyme activities may be increased while others are reduced (Kolb et al., 2009). Soil
enzyme assays after 7 days’ incubation showed that soil with 2% biochar amendment
had significantly increased activities of enzymes compared to that of a non-biochar
amended soil (Swaine et al., 2013). Conversely, the purified enzyme assays showed
that biochar application had variable effects on soil enzymatic activities (Lehmann et al.,
2011). This suggested that the results from the first experiment conducted by Swaine et
al. (2013) were inconsistent. Thus, a second experiment was conducted and seven

days after biochar was added to three different soils, fluorescence-based assays

revealed significant increased enzyme activities (Bailey et al., 2011).

A pot experiment conducted by Khan and Huq (2014) to study the effect of biochar on
the abundance of soil bacteria showed that bacteria were not able to survive in biochar-
amended soil due to nutrient deficiency, decreased sorption of enzymes as well as
binding of essential enzymes. In another experiment conducted by Swaine et al. (2013)
to determine the biochar alteration of the sorption of substrates and products in soil
enzyme assays, results showed that the pine wood and barley straw biochar amended
soils caused a significant reduction in substrate concentration and extractable product
in soil dehydrogenase enzyme assays. Consequently, biochar effects on soil enzyme
activities are not well understood and impact on assay constituents will limit the genuine

biochar identification. There are variable responses relating the biochar effect on the
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soil enzymatic activities. Therefore, theré®s a need for an extensive research, which
has more conclusive data that complement the fluorescent and colorimetric assays. The

data should indicate whether the biochar has caused increased or decreased enzyme

activity (Ennis et al., 2012).

2.5. Effect of biochar on soil Nitrogen

Nitrogen is the single most limiting nutrient in primary crop production (Peake et al.,
2014). Biochar addition to soil alters the nitrogen dynamics by reducing the
environmental harmful N-fluxes (Clough and Condron, 2010). Several mechanisms are
used to explain the apparent retention of N in biochar-amended soils and the reduction
of N leaching (Clough et al., 2013). Global N cascade is as a result of consequent
leaching of ammonia (NHs) and nitrate (NOs-) and enhanced emission of nitrous oxide
(N20) due to the increasing intensification of agricultural system. Although Rondon et al.
(2007) reported enhanced biological N fixation in biochar-amended soils, there is a
need for further studies on the effect of biochar on soil biological activities (Bailey et al.,
2011). Nevertheless, Clough et al. (2013) showed that biochar application on soil alters

soil nitrogen (N) dynamics.

Studies are required to predict agronomic and N cycling responses since biochar
implications on N immobilisation and mineralization are specific to individual soil-
biochar combinations. After 10 weeks’ incubation study with biochar addition at 25 t/ha,
Dempster et al. (2010) showed that net nitrogen mineralisation decreased from an
average of 11 mg N/kg dry soil to 1 mg N/kg dry soil. The results could not explain the
sorption of nitrogen to biochar at the rates (0, 5, and 25 t/ha). In an apple orchard
experiment, biochar addition at the rate 20 t/ha led to no significant change in Mineral-N

content (Sivakumaran et al., 2010).
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Biochar application in soil showed a reduC®d N20 gas emission when incubated for 100
days (Wu et al., 2012). In addition, DeLuca et al. (2009) showed that biochar application
in soil influenced nutrient transformation by increasing nitrification and N uptake by
plants, respectively. Furthermore, biochar application on soil showed increased nitrogen
fixing bacterium and associated mycorrhiza fungi, especially in nitrogen poor
environment (Rondon et al.,, 2007). Kim et al. (2007) reported that un-amended
Amazonian soils had 25% greater microbial diversity and more N fixing organisms
compared to Amazonian dark earth soils nearby. Biochar application to the soil did not
improve the inorganic nitrogen on soil due to excess nitrogen that leaches into adjacent

surface water (Manning, 2012). Moreover, the excess nitrogen tends to reduce in situ

soil biodiversity and causing harmful eutrophication.

2.6. Effect of biochar on soil Phosphorus

Biochar application to soil is reported to increase the availability of P in the rooting
zone. The effect of biochar on P availability can be partly traced back to physical
characteristics like porosity, sorption capacity, surface area, and charge density, and to
biological changes (Peake et al.,, 2014). DeLuca et al. (2009) reported increased
availability and uptake of P in acid, natural forest soils while Glaser et al. (2002)
reported increased bioavailability of P, metal cations, and trace elements after biochar
treatments in soil of the humid tropics. After three weeks’ incubation study, Soinne et al.
(2014) indicated that biochar addition did not increase the sorption of P in incubated
soils as the biochar that was used had a very low P sorption affinity. Biochar
solubilisation when added to soil may result in the minerals becoming available to

plants.
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2.7. Effect of biochar on soil Potassium

Biochar pyrolysis might volatilize other elements (e.g. nitrogen) or hold others in
insoluble form (e.g. magnesium) (Angst and Sohi, 2013). However, Karim et al. (2017)
indicated the potential of biochar- potassium as a substrate for the provision of
conventional potassium (K) fertilizer since K is largely conserved and converted into K-
containing soluble salts. Although soil potassium reserves are large, a small amount of
exchangeable or soluble forms of K will be available during a season of intense

cropping (Simonsson et al., 2009).

In a pot trial, Wang et al. (2018) investigated the effect of biochar application on soil
potassium dynamics and crop uptake. The results of the study revealed an enhanced K-
dissolving bacteria after biochar application on entisols and alfisols, which was
associated with change in pH and water soluble K. Furthermore, biochar has been
documented to affect nutrient cycling (Rahimzadeh et al., 2015), by enhancing activity

and abundance of microbes (Grossman et al., 2010).

Potassium- dissolving bacteria are able to solubilise K-bearing minerals by excreting
organic ions to bring K into soil solution (Sheng et al., 2008). Biochar is suggested as a
means to enhance soil potassium and soil fertility at large. (Lehmann et al., 2011).
Hence, a conclusion by Wang et al. (2018) that biochar could be a feasible soil
amendment to improve available soil K, but response of crop K uptake may vary

depending on soil types.

2.8. Effect of biochar on soil Ca, Mg, EC, and soil pH

Biochar decreases the possibilities of leaching and improves nutrient cycling (Steiner et
al., 2007) by assuring improvement of degraded soil as it improves soil properties
(Yamato et al., 2006). Biochar application has also been shown to increase soill

electrical conductivity (EC) and pH (Liang et al., 2006). However, the effect of increased
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pH and EC varied with salt contents of bid€har as it differs with characteristics (Spokas,
2010). In a 10 days’ incubation experiment, Shah et al. (2017) reported a significant
increase of soil EC and pH on biochar amended soils compared to control treatment.

However, the study also showed that biochar carbon percentage evolved as carbon

dioxide generally declined with increasing biochar carbon levels.

The liming effect of biochar on soil pH was observed in acidic soils (Dume et al., 2015).
However, little is known concerning the impact of biochar application on alkaline soils
(Mohawesh et al., 2018). The effect of biochar application in soils totally depend on the
methods of biochar application applied and application rate on soil (Edenborn et al.,
2015). Biochar application to soil usually provide only modest contribution to the total
soil nutrient capital because soil generally contain relatively large total nutrient pools
(Chan et al.,, 2007). In addition, biochar added to soils have the potential to alter
chemical properties, which in turn can influence the rate of nutrient transformation

(Atkinston et al., 2010).

An increased soil pH when biochar is added to acid soils is associated with increased
alkaline metal (Ca?*, Mg?* and K?*) oxides in biochar and reduced soluble AI®*
concentration (Steiner et al., 2007). However, Syuhada et al. (2016) found that biochar
rate significantly affected availability of Ca, and Mg in the soil. This suggest that biochar

addition as an amendment could provide a good nutrient source (Yuan and Xu, 2010).

2.9. Maize origin, description and production

Maize (Zea mays L.) is the world’s 3rd most important cereal crop after wheat and rice
(Harris et al., 2007). The maize plant can grow up to 4 m tall and can be grown under
diverse environments. Maize belongs to the grass family Poaceae which originated
from Mesoamerica, Mexico (Paliwal, 2000). The plant has spread through various parts

of the world and was introduced to Africa soon after discovery. Although some maize
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types produced in Africa are derived aft®f introductions from South America, Mexico
and parts of the eastern South America (Farnham et al., 2003), most of South African
maize trace back to varieties grown in South America. Most of maize crop in South
Africa is being used as feed for animals and as staple food (Du Plessis, 2003). Pholo

(2009) showed that maize is a relatively cheaper source of energy that is traditionally

used to brew beer.

South Africa produces 48% of white maize and the remaining 52% is yellow maize.
White maize is primarily used for human consumption while the yellow maize is mostly
used for animal feed production (DAFF, 2014). In addition, worldwide consumption of
maize is more than 116 million tons, with Africa consuming 30% and South America
21%. The southern parts of Africa use 85% of maize production as food compared to
other parts of the world, which use most of the maize as feed for animals. Although
economic review of the South African agriculture 2019/ 2020 has reported a 21.7%
increase in field-crop production, the contribution of agriculture to GDP has decreased
by 9.8% which was estimated at R81 337 million in 2019 (DALRRD, 2020). In addition,
BFAP BASELINE Agricultural Outlook 2018-2027, reported a 31% year on year decline
in white maize production in South Africa (BFAP, 2018). Therefore, there is a need to

advance the increased production and yield of maize in South Africa.

2.10. Effect of biochar on growth and yield of maize

Several studies have demonstrated the significant effect of biochar addition to soil on
improved crop production (Chan and Xu, 2009; Laird et al., 2010; Lehmann et al., 2011;
Rondon et al., 2007). Biochar application to soil enhanced the overall soil quality by
altering the soil physical, chemical, and biological properties and subsequently
increasing crop productivity. Maize yields were much higher in plots amended with
biochar and fertiliser than the non-fertilised and non-biochar amended control on the

terra preta soils (Steiner et al., 2007). Furthermore, the study showed that it is strictly
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incorrect to say that the effect of the tredments had increased maize yield since the
yields for all treatments displayed post-clearance decline and control yields were
ultimately very low. A field experiment with biochar application under a maize-soybean
rotation showed that, availability of nutrients such as Ca and Mg were greater with
biochar, and crop tissue analysis showed that Ca and Mg were limiting in this system.
Increased soil pH and decreased exchangeable acidity trends were observed with
biochar application. In another experiment, biochar application to soil showed an overall
increase in crop yield and nutrient uptake from 77-320% with greater available Ca and
Mg (Major et al., 2010). The use of a low dosage biochar tested on minimally tilled soll
had significantly increased crop yield in Zambia’s sandy acidic soils (Cornelissen et al.,
2013). However, field trials carried out in a red sandy clay loam ultisol east of Lusaka,
central Zambia, showed a moderate but non-significant effects on maize yield

(Cornelissen et al., 2013). Therefore, the effect of biochar on chemical, biological and

physical properties are soil type dependent.

2.11. Effect of biochar and organic fertilizers on soil and crops

Application of biochar with organic fertiliser is an efficient way of increasing soil organic
matter (SOM) (Fischer and Glaser, 2012). Application of an organic fertilizer combined
with biochar is more beneficial to the soil compared to applying biochar and organic
fertilizer individually. Kuzyakov et al. (2009) reported increased biochar decomposition
during co-composting biochar with an organic material. In addition, compost-biochar
amendments are likely to benefit the soil by biological activation of biochar, higher long-
term carbon sequestration and enhanced nutrient use efficiency compared to individual
compost and biochar application. Moreover, in a greenhouse pot trial carried out for 4
months, Karami et al. (2011) reported a significant increase in maize crop biomass yield
after an application of green waste combined with biochar. In contrast, Schulz et al.
(2014) showed that biochar integration with compost was outweighed by compost

alone. Therefore, single biochar application yielded different results integrated one.
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2.12. Effect of biochar and poultry litter on™8oil and crops

Poultry litter produced as a by-product on intensive production facilities may pose
environmental concerns as it decomposes quickly and release greenhouse gasses
(Chan et al., 2007). While biochar usage can be a good strategy for recycling wastes
and promote plant growth (Atkinson et al., 2010). Musumuvhi et al. (2018) indicated that
co-composting biochar with poultry litter improves performance of maize, and soil
physical and chemical properties. Biochar co-composting is also beneficial for providing
a habitat for microbes, promote aeration, and increase pH, N, P, K, Ca, and Mg
concentrations (Li et al., 2014). Moreover, co-composting biochar with poultry litter
significantly increased nutrient availability (pH, N, P, K, Ca, and Mg) and their use

efficiency in both pot trials and field trials (Maru et al., 2015; Olasekan et al., 2019).
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Chapter Three

3. Experiment 1 (Greenhouse study)

An 8-week controlled greenhouse experiment was carried out to assess maize nutrient
uptake and dry matter production in different soil types, following combined application

of biochar with poultry litter, and sole application of both poultry litter and biochar

3.1. Materials and methods
3.1.1. Soil, biochar and poultry litter characterization
3.1.1.1. Soil characterization

Soil samples used in the greenhouse experiment were collected randomly using an
auger, at a depth of 20 cm at four sites (Mutshenzheni, Rambuda, Tshiombo Irrigation
and Tshiombo Madzivhandila) representing different soil types (Westleighi, Hutton,
Westleigh2 and Shortlands), respectively (Soil Classification Working Group, 1991).
The top layers that is normally rich in organic debris was removed in each collected soil.
Westleigh soil form originate from Orthic topsoil of a soft plinthic subsoil which is usually
gleyed, shallow, and imperfectly drained. On the other hand, Hutton soil form originates
from an Orthic topsoil of a red apedal subsoil, often deep, structureless soils, with wide
variety of texture and a base status. Shortlands soil form originates from an Orthic
topsoil of a red structured subsoil, which is often deep, structured, and formed from a
basic parent material. Soils were collected on fallowed farms with a history of limited
use of pesticides and inorganic fertilizer. In the past five years, maize and vegetables
were the main crops grown on these farms. Samples from each site were thoroughly
mixed, air-dried and passed through a 2-mm sieve. Afterwards, selected chemical and
physical properties were determined. Soil pH was measured in both 1 N KCI and H20
(1:2.5, soil: solution ratio) using pH meter (White, 1997). Electrical conductivity (EC)
was measured in water using conductivity meter with the soil solution ratio 1:2:5
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(Okalebo et al., 2002). Soil texture was determined following the hydrometer method as
described by Bouyoucos (1962). Organic carbon content was determined using the
Walkely and Black (1934) method. Available P and total N, were determined using the
Bray 1 method (Bray and Kurtz, 1945) and Kjeldahl procedure (Bremner, 1960),

respectively. Ammonium acetate extraction procedure was used to determine cation

exchange capacity (CEC) and exchangeable cations as described by Peech (1965).
3.1.1.2. Physico-chemical properties of soils before planting

Soils test results were interpreted using Labserve’s and Wingerdbemesting’s test and
interpretation (Conradie,1994). Table 2 shows that the soil Westleigh: (Wez), Hutton
(Hu), Westleighz (We2), and Shortlands (Sd) had pH values of 7.02, 7.09, 7.06, and
7.06, respectively (Appendix 1). We1 had a low total N content compared to Hu, while
We: and Sd soils had the highest total N content compared to the other two soils (Table
2, Appendix 2). All soils (We1, Sd, Hu and Wez2) had higher K content (Table 2). All the
soils had high Mg content, optimum Na content and extremely low exchangeable acidity
with higher Ca contents (Table 2). We2 soil had considerably low available P content,
followed by Sd, while the Hu and Wez1 soil had optimum available P. All the four soils
(We1, We2, Hu, and Sd) had high amounts of soil micronutrient (Zn, Cu, Mn, and Fe)
content, except for Wez soil which had a very low Zn content (1.0 mg kg™*) (Appendix 2).
In terms of soil textural classification, We1 is loamy, both Hu and We2 are sandy clay
loam, while Sd is clayey (Table 2). The soils had very low CEC status with high organic

matter content in all soils except Wez soil with very organic matter content (Table 2).

3.1.1.3. Biochar and poultry litter characterization

The biochar used in the experiment was generated by slow pyrolysis (400-450 °C) of
pine wood biomass. Biochar used was obtained from Lanstar Energy Company, a
commercial supplier based in Johannesburg. Biochar used was analyzed for selected

chemical properties shown in Table 1, using methods of analysis described for soil
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analysis in section 3.1.1.1. On the othMand, poultry litter used in the greenhouse
experiment was collected from the University of Venda, School of Agriculture
experimental farm. Poultry litter consists of feces, feathers, spilled feed, straws and saw
dust. The collected poultry litter was allowed to decompose for three weeks, dried and
passed through a 2-mm sieve. Thereafter, the poultry litter was analyzed for selected

chemical properties using the analysis procedure described for soil analysis in section

3.1.1.1.

3.1.1.4. Chemical composition of Pine wood biochar (BC) and poultry litter (PL)

Both biochar and poultry litter had high nutrient content (N, Ca, Mg, K, and Na) as
shown in Table 2. Biochar had a strongly alkaline pH of 8.90, higher than that of poultry
litter, which had a neutral pH of 7.03. PL had higher organic matter percentage (OM %),
higher than that of BC by 20.22 % (Table 2). Biochar had lower CEC status of 1.32
cmolc kg, while poultry litter had higher CEC status of 17.74 cmolc kg (Table 2). Table

2 also shows that BC had low percent moisture, less volatile matter, and ash content.

3.1.2. Greenhouse experimental set-up

The treatments were set up in 25 cm diameter plastic pots of 29 cm in height. The
plastic pots were placed on a steel table, filled with 5000 g of soil containing biochar
and poultry litter treatments described in Table 1. Biochar and poultry litter treatments
were applied 2 weeks before planting to allow thorough mix up and reaction with the
soil. Treatment combinations comprised of biochar and poultry litter as follows: BCoPLo,
BC100PLo, BC75PL2s, BCsoPLso, BC25PL7s and BCoPL1oo with biochar and poultry litter
maximum rates at 40 t ha! and 5 t ha, respectively as shown in Table 1 below. The
treatments were laid out in a completely randomize design (CRD) and replicated three
times. The pots were watered and brought to 60% field capacity (FC) then left to
equilibrate for 24 hours prior to planting. A total number of 72 pots were used in the

experiment, with 24 pots used per replicate. Two maize (Zea mays L., cultivar:
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PANNAR 5R- 575R) seeds were sown pe&'got but later thinned to one plant per pot at 4
weeks after seedling emergence. Weeding and other management practices were
undertaken when necessary. Each pot was uniformly supplied with 1.5 | of water per
week depending on the prevailing root zone water saturation. The pots were randomly
rotated weekly to different positions within a replicate for the duration of the trial in order

to minimize the effects of variation in greenhouse climatic condition (light levels,

temperature and humidity). Maize plants were left to grow up to 8 weeks.

Table 1. Treatment description of biochar, and poultry litter addition to four soils

Treatment Description BC (tha?) PL (tha?) BC: PL (%)

BCoPLo Non-amended soil (no biochar and no 0 0 0%:0%
poultry litter)

BCiooPLo Soil amended with biochar, without 40 0 100%:0%
poultry litter

BC7sPLzs Soil amended with higher biochar and 30 1.25 75%:25%
lower poultry litter

BCsoPLso Soil amended with equal % of both 20 2.5 50%:50%
biochar and poultry litter

BC2sPL7s Soil amended with lower biochar and 10 3.75 25%:75%
higher poultry litter

BCoPL10o Soil amended with poultry litter, without 0O 5 0%:100%
biochar

BC= Biochar treatment; PL= Poultry litter treatment; BC:PL= Ratio of biochar to poultry
litter (in percentages)
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Table 2. Selected chemical and physical properties of biochar (BC), poultry litter (PL),
and soils (Wez1, Hu, We2, and Sd) used in the experiment

Parameter/ Units We1 Hu We: Sd BC PL
Analyte
pH (H20) cmol kgt  7.02 7.09 7.06 7.06 8.90 7.30
Total Nitrogen (N) mg kg 18.00 39.00 42.00 61.00 36.53 60.67
Calcium (Ca) mg kg! 779.00 880.00 539.00 910.00 2795.58 4479.86
Magnesium (Mg) mg kg 182.00 217.00 119.00 203.00 207.61 1217.57
Potassium (K) mg kg 172.00 92.00 67.00 189.00 1871.43 2497.03
Sodium (Na) mg kg 10.00 11.00 9.00 9.00 145.85 202.79
"S" Value me% 5.90 6.50 3.90 6.80 21.29 63.01
Ca Ratio 66.00 68.00 69.00 67.00 - -
Mg Ratio 26.00 28.00 25.00 25.00 - -
K Ratio 8.00 4.00 4.00 7.00 - -
Na Ratio 0.70 0.80 0.90 0.60 - -
Phosphorus (P) mg kg 51.00 36.00 3.00 19.00 - -
Zinc (Zn) mg kg* 3.50 2.20 1.00 2.80 - -
Copper (Cu) mg kg 6.90 9.90 2.90 10.80 - -
Manganese (Mn) mg kg* 163.00 118.00 65.00 157.00 - -
Iron (Fe) mg kg 52.00 39.00 38.00 59.00 - -
Exch. Acidity cmol kg'  0.00 0.00 0.00 0.00 - -
Organic Matter % 0.77 0.80 0.56 0.96 3.18 23.40
CEC cmolckg®  5.90 6.50 3.90 6.77 1.32 17.74
Clay (<0.002 mm) % 18.00 32.00 26.00 57.00 - -
Silt (0.002-0.05 % 35.00 12.00 8.00 27.00 - -
mm)
Sand (0.05-2mm) % 47.00 56.00 66.00 16.00 - -
Textural class Loam Sandy Sandy Clay - -
Clay Clay
Loam Loam

Soil Form Westleigh Hutton Westleigh  Shortlands - -
Moisture % mass - - - - <10% -

(AR)
Volatiles % mass - - - - <20% -

(Dry)
Ash % mass - - - - <5% -

(Dry)

We:1 = Westleigh at Mutshenzheni; Hu = Hutton at Rambuda ; We2 = Westleigh at
Tshiombo irrigation; Sd = Shortlands at Tshiombo Madzivhandila soil; AR= As
Received; Dry= Moisture free; - = No analysis for parameter/ analyte.
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Figure 3. 2. Picture of incubation jars containing soil ameliorated with biochar at 30
days of incubation

Figure 3. 3. An image shows packed and labelled soil samples of different treatments
ready for analysis

23

© University of Venda



3

o

g University of Venda
vy Creating Future Leaders

3.1.3. Data collection

3.1.3.1. Plant sampling and agronomic data

Crop data was collected from each pot of one plant stand. Maize growth and
phenological data was collected by measuring the following selected variables: date of
emergence, plant height, stem diameter and plant biomass. The date of emergence for
each plant was recorded as soon as emergence was recognized. Plant height and stem

diameter were obtained on weekly basis using the measuring tape and digital caliper,

respectively.

Figure 3.4. Determination of stem diameter, below and above ground biomass, and
plant height, using digital caliper, weigh balance, and the measuring tape, respectively

3.1.3.2. Plant harvesting and handling

Harvesting of maize is defined as a time when you reap what you sow through picking
and gathering. Manual harvesting of all maize plants was by hand from each
experimental pot; and harvested maize placed in labeled brown bags, sealed, handled
with care and then taken to the laboratory. The dry weight of above and below ground
biomass was determined at harvest by oven drying at 70°C for two days until constant

mass is achieved.
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3.1.3.3. Post-harvest soil analysis

Soil samples for all biochar and poultry litter treatments set up in section 3.1.2. were
collected at harvest, air dried, passed through a 2-mm sieve, and analyzed for soll
chemical and physical properties following the procedures described in sub-section
3.1.1.1. to provide a clear picture of soil’s nutritional state by evaluating nutrient supply

and crop uptake.

3.1.4. Statistical analysis

Using the Complete Randomize Design (CRD) which is a type of experimental design
where the experimental units are assigned to different treatments of controlled factors of
the experiment (Completely Randomized Design, 2008). Analysis of variance was
conducted using the general linear model (GLM) procedure of SAS software version 9.4
package (SAS, Institute, 2013). The effect of biochar and poultry litter treatments on
maize productivity in different soil types, were analysed using the ANOVA. Where
significant differences between the treatments is observed, means were separated

using Duncan’s Multiple Range Test (DMRT) at P < 0.05.

3.2. Results

3.2.1. Effects of biochar and poultry litter treatments on selected soil chemical
properties

3.2.1.1. Soil pH and total nitrogen

Biochar and poultry litter treatments had no significant effects on soil pH in We1, Sd,
and Hu soils (Table 3). However, biochar and poultry litter treatments had significant
effect on Weai soil. A significant increase in soil pH was observed in all biochar and
poultry litter treatments of We:1 soil when compared with control BCoPLo (Table 3).
Application of 40 t ha! of biochar with 0 t ha! of poultry litter significantly increased soil
pH by 6.22 %, compared to non-amended soil. In contrast, biochar and poultry litter

treatments had no significant effect on total N content of soils Wei1, We2, and Hu (Table
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3), but the effects were significant in Sd $0il (Table 3). Soil Sd showed a significant N
increase at treatment BC2sPL7s and BCoPLico, compared to BCoPLo, BCiooPLo,

BC7sPLz2s, and BCsoPLso (Table 3).

3.2.1.2. Soil Ca, Mg, K & available P

Biochar and poultry litter treatments had no significant effect on magnesium content in
all soil types (We2, Wei, Sd, and Hu), but it had a significant effect on the Ca content of
Wei1, We2 and Hu soils (Table 3). A significant increase of 9 % was observed in all
biochar and poultry litter amended Hu soil, compared to non-amended Hu soil. Soil We1
had at least 8 % significant increase in soil Ca, when different rates of biochar with
poultry litter were applied, compared to non-amended soil. Application of 40 t ha of
biochar with 0 t ha' of poultry litter in We2 soil, significantly (p< 0.05) increased soil Ca
by 103 mg kg?, compared to non-amended soil (Table 3). However, Soil Ca in
Shortlands was not significantly affected by all biochar and poultry litter treatments.
Biochar and poultry litter treatments had significant (p< 0.001) effect on K content in
Westleigh: and Shortlands soils, but no significant effects on Westleigh2 and Hutton
(Table 3). More than 20 % significant increase of soil K was observed after We1 soil was
amended with all biochar and poultry litter treatments (BCio00PLo, BC7sPL25, BCsoPLso,
BC2sPL7s, BCoPL10o), compared to non-amended soil (BCoPLo). Soil K in Sd soil also
increased after biochar and poultry litter application at different rates, compared to the
non-amended soil. However, significantly greater soil K increase in Sd soil with poultry
litter application as biochar at the rate 40, 30, 20 t ha' BC with 0, 1.25, 2.5 t ha* PL,
followed by 10, 0 t ha* BC with 3.75, 5 t hal PL when compared to non-amended soil at
rate 0 t ha? BC with 0 t hal PL. On the other hand, Table 3 shows that biochar and
poultry litter treatments significantly (p< 0.001) improved the availability of P in We: soill
only. A significant (p< 0.001) available P increase in We1 soil was observed after biochar

and poultry litter treatments BCsoPLso, BC25PL7s, and BCoPL1oo, compared to BCoPLo,
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BCi100PLo, and BC7sPL2s.

3.2.1.3.Trace elements, sodium and percentage organic matter

Biochar and poultry litter treatments had no significant effects on all the trace elements
analysed (Cu, Fe, Mn, and Zn) and the percentage organic matter in all soil types
(Table 3). However, biochar and poultry litter treatments had significant (p<0.01) effect
on Na content in Wez soil (Table 3). Soil Na in We: soil increased when a rate of 20t
ha! biochar was applied with 2.5 t ha* poultry litter (BCsoPLso) compared to control and

all other biochar and poultry litter treatments.
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Table 3. The effect of biochar (BC) and poultry litter (PL) treatments on selected soil chemical properties

Treatments pH N Ca Mg K P Cu Fe Mn Na Zn OoM
e, I
Soil -1 -1 _\_‘_—'_

(tha?) cmol kg mg kg* %

Westleigh2 BCoPLo 7.073 24.33 708b 154.0 75.3 6.7 5.90 52.7 41.3 13.00 1.500 0.7
BCi00PLo 7.183 24.33 81lla 151.3 103.0 7.0 5.27 43.3 36.0 14.33 1.467 0.7

BC7sPL2s 7.197 26.00 789a 147.7 97 7.3 5.07 44.0 37.7 13.67 1.467 0.7

BCsoPLso 7.213 25.67 870a 170.7 112.7 9.7 5.47 43.3 44.7 13.33 1.433 0.7

BC2sPL7s 7.133 27.67 852a 166.3 97.3 11.3 5.50 43.7 39.7 13.67 1.533 0.8

BCoPL10o 7.123 26.67 808a 161.3 95.3 11.7 4.48 44.7 38.3 12.67 1.467 0.7

F test ns ns p<0.05 ns ns ns ns ns ns ns ns ns

Westleigh: BCoPLo 6.593b 23.33 798b 184.3 110.7b 54.7b 6.23 52.3 77.3 12.67b 3.867 0.6
BCi00PLo 6.940a 26.33 947a 192.7 171.0a 59.0b 6.13 44.3 72.3 15.33b 4.033 0.8

BC7sPLa2s 6.963a 26.33 92l1a 190.3 149.0a 63.3b 5.90 47.3 79.3 15.67b 3.900 0.9

BCsoPLso 7.030a 26.33 977a 209.7 179.3a 81.7a 6.40 55.0 74.0 18.33a 4.367 0.8

BC2sPL7s 7.030a 26.33 920a 194.7 147.0a 74.0a 5.93 48.3 66.3 16.67b 4.033 0.7

BCoPLu10o 7.000a 28.67 867a 188.7 139.3a 84.7a 5.90 48.7 84.3 14.00b 4.067 0.7

F test p<0.05 ns p<0.05 ns p<0.001 p<0.001 ns ns ns p<0.001 ns ns

Shortlands BCoPLo 7.143 23.00b 788 173.3 86.7ab 9.3 8.43 52.0 55.0 13.00 2.133 0.7
BCi00PLo 7.200 22.67b 894 171.0 146.3a 10.3 7.77 52.0 43.3 15.33 2.100 0.9

BCrsPLzs 7.203 22.67b 938 187.3 148.3a 14.0 8.57 51.3 50.7 15.67 2.200 0.8

BCsoPLso 7.203 24.67b 877 176.7 119.7a 13.0 7.90 51.3 47.3 13.67 2.100 0.8

BC2sPL7s 7.097 28.67a 913 189.7 113.7b 16.7 8.53 55.7 48.3 14.67 2.367 0.8

BCoPLu10o 7.047 29.67a 840 179.3 115.3b 18 8.13 53.3 55.7 14.33 2.167 0.8

F test ns p<0.05 ns ns p<0.001 ns ns ns ns ns ns ns

Hutton BCoPLo 6.997 21.00 817b 202.3 50.3 27.3 9.03 42.3 41.7 16.00 2.000 0.7
BCi00PLo 7.123 22.00 966a 216.0 96.0 35.0 9.20 42.3 43.7 18.33 2.067 0.7

BC7sPL2s 7.113 19.00 907a 203.3 95.0 34.0 8.67 41.7 38.3 17.33 2.100 0.7

BCsoPLso 7.150 19.33 955a 213.3 88.3 41.3 8.80 39.7 46.3 16.67 2.267 0.7

BC2sPL7s 7.173 21.00 940a 217.7 77.7 44.0 9.23 40.0 47.3 16.00 2.367 0.7

BCoPL1oo 7.090 20.33 899a 214.7 60.3 50.7 9.43 39.0 50.7 16.00 2.467 0.7

F test ns ns p<0.05 ns ns ns ns ns ns ns ns ns

Overall CV% 3.3 3.3 5.2 5.4 3.3 10.0 5.9 2.0 6.9 7.4 3.9 6.5

Means with same letters in each column are not significantly different at p< 0.05 for each soil type, ns= non-significant; CV= coefficient of

variation, means separated using DMRT
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3.2.1.4. Cation exchange capacity (CEC) and exchangeable acidity

Exchangeable acidity of all soil types were not significantly affected by all biochar and
poultry litter treatments (Table 4). Table 4 also shows that biochar and poultry litter
treatments had no significant effect on CEC in all soil types except Hu soil, which was
significant at p<0.05. A significant increase of 0.58 cmolc kgt CEC was observed in Hu soil

after all biochar and poultry litter treatment application, compared to the controlled non-

amended soil.
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Table 4. Effect of biochar and poultry litter application on soil Cation excha-

-nge capacity (CEC) and exchangeable acidity

Exchangeable
Treatment CEC Acidity

cmolc kg™ cmol kg*

Westleigh2 Soil

BCoPLo 5.10 0.02
BCi00PLo 5.63 0.00
BCrsPL2s 5.48 0.00
BCsoPLso 6.12 0.00
BCasPL7s 5.95 0.00
BCoPLaoo 5.71 0.00

Westleighi Soil

BCoPLo 5.94 0.07
BC100PLo 6.87 0.03
BC7sPLa2s 6.66 0.02
BCsoPLso 7.18 0.02
BC2s5PL7s 6.71 0.04
BCoPL10o 6.36 0.03
Shortlands Soil

BCoPLo 5.68 0.02
BC100PLo 6.36 0.03
BCrsPLzs 6.73 0.03
BCsoPLso 6.25 0.03
BC2sPLs 6.53 0.03
BCoPL10o 6.10 0.04
Hutton Soil

BCoPLo 5.99b 0.02
BCi0oPLo 6.98a 0.03
BC7sPL2s 6.57a 0.02
BCsoPLso 6.85a 0.00
BC2sPL7s 6.78a 0.00
BCoPL1oo 6.59a 0.00
P (F-test)

Westleigh: Soil ns ns
Westleigh: Soil ns ns
Shortlands Soil ns ns
Hutton Soil p<0.05 ns
CV % 4.9 4.3

Means with same letters in each column are not significantly different at p< 0.05 for each soil type,
ns= non-significant; CV= coefficient of variation, means separated using DMRT.
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3.2.2. Effects of biochar and poultry litter treatments on selected physiological growth

parameters of maize
3.2.2.1.Stem diameter

In week 3, biochar and poultry litter treatments had significant effects on maize stem
diameter of We2, and We:1 soils at p< 0.001 level of significance, but had no significant
effects on stem diameter in Hu and Sd soils (Table 5). A larger stem diameter of greater
than 0.35 cm was observed in Wez soil at week 3, after biochar and poultry litter treatment
application BC7sPL2s and BC2sPL7s compared to the rest of biochar and poultry litter
treatment. Soil We1 was also affected significantly after biochar and poultry litter treatment
application during week 3. A significant stem diameter of 10.80 cm was recorded after
application of biochar and poultry litter treatment (BC7sPL2s) compared to the other biochar
and poultry litter treatment. On the other hand, the treatments had no significant effects on

stem diameter in Hu soils from week 1, 2, 3, 4 and 6, except for week 5 (Table 5).

In week 5, biochar and poultry litter treatments significantly affected the stem diameter in
We: and Hu soils at p < 0.001 level of significance (Table 5). A significantly affected stem
diameter was observed in week 5 on Wez1 soil at p< 0.001 level of significance, where a
larger stem diameter of 14.23 cm followed by 14.05 cm was recorded after biochar and
poultry litter treatment application rate BC2sPL7s and BC7sPLzs, respectively as compared to
the rest of biochar and poultry litter treatments. However, plant grown on Hu soil showed a
significant increase in stem diameter after all treatment application compared to control
(BCoPLo) at p < 0.001 level of significant, except for BC7sPL2s which did not show any
significant effect on stem diameter. In week 6, the stem diameter from all soils were affected
significantly after biochar and poultry litter treatment application at p < 0.001 level of

significance, except for Hu soil.
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A significant increased stem diameter of 15.65 cm and 13.59 cm was recorded for both We1
and Sd, respectively after biochar and poultry litter treatment application BC2sPL7s as
compared to other treatments (Table 5). However, We1 soil only showed a significant

increased stem diameter of 13.49 cm after biochar and poultry litter was applied at rate

BCoPL1oo, when compared to the rest of biochar and poultry litter treatments.
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Table 5. Effect of biochar and poultry litter treatments on weekly stem diameter (cm)

Soil Treatments Week 1 Week 2 Week 3 Week 4 Week 5 Week 6
Westleigh> BCoPLo 4.53 5.26 6.82b 8.00 9.54 10.18ab
BCi00PLo 3.47 5.82 6.67b 8.00 8.64 9.68ab
BCrsPL2s 4.61 7.18 7.44a 10.00 10.24 10.69ab
BCsoPLso 3.48 25.09 6.60b 8.00 9.87 10.50ab
BC2sPL7s 5.02 6.88 7.92a 10.00 11.07 11.72b
BCoPL1oo 4.14 6.04 6.92b 9.00 11.66 13.49a
Westleigh: BCoPLo 3.97 7.90 9.31b 11.00 11.92b 13.10b
BCi00PLo 5.48 8.42 9.43b 11.00 11.58b 12.79b
BCr7sPL2s 4.82 10.57 10.80a 14.00 14.05a 14.14b
BCsoPLso 4.09 7.68 9.17b 455.00 12.23b 13.22b
BC2sPL7s 4.33 8.31 9.95b 11.00 14.23a 15.65a
BCoPLioo 4.48 9.40 9.53b 12.00 12.57b 13.72b
Shortlands BCoPLo 4.45 6.54 8.30 10.00 10.71 11.48b
BCi00PLo 5.11 6.95 8.71 9.00 11.01 11.96b
BCrsPL2s 3.89 6.89 7.88 9.00 11.48 11.75b
BCsoPLso 5.33 7.79 9.59 11.00 12.87 12.88b
BCasPL7s 6.28 8.02 10.01 11.00 12.30 13.59a
BCoPLioo 4.38 6.79 8.93 10.00 11.45 12.63b
Hutton BCoPLo 4.71 7.47 9.13 10.00 11.42b 12.11
BCi00PLo 4.45 8.22 8.83 11.00 12.75a 13.24
BCr7sPL2s 3.55 6.45 8.29 9.00 11.28b 12.75
BCsoPLso 4.78 7.42 9.51 11.00 13.33a 13.74
BCasPL7s 4.77 9.46 10.39 363.00 13.30a 13.73
BCoPL1oo 5.42 8.46 9.88 12.00 13.34a 13.65
P (F- test)
Westleigh: ns ns p<0.001 ns ns p<0.001
Westleigh, ns ns p<0.001 ns p<0.001 p<0.001
Shortlands ns ns ns ns ns p<0.001
Hutton ns ns ns ns p<0.001 ns
CV% 14 17.3 3 67.6 1.1 1.0

Means with same letters in each column are not significantly different at p< 0.05 for each soil type, ns= non-significant; CV= coefficient of
variation, means separated using DMRT.
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3.2.2.2. Plant height

Biochar and poultry litter treatments had no significant effects on plant height in all
soil types during week 1, week 2 and week 3, except for Sd soil at week 3 where the
highest plant height of 98.30 cm was recorded (Table 6). At week 4, 5 and 6, biochar
and poultry litter treatments had no significant effect on plant height in all soil types,
except for soil We2. However, Wez soil showed a significant (p< 0.001) increase in
plant height after biochar and poultry litter treatment application BC100PLo, BC7sPL2s,

and BCsoPLso, when compared to the control treatment (BCoPLo).
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Table 6. Effect of biochar and poultry litter treatments on weekly plant height (cm)

Soil type Treatment Week 1 Week 2 Week 3 Week 4 Week 5 Week 6
Westleigh2 BCoPLo 38.67 62.0 67.7 73.17ab 86.00ab 91.33ab
BCio0PLo  38.00 65.8 74.7 85.17b  94.67b  101.33b
BC#ssPL2s  42.00 75.3 83.3 92.33b 105.17a 106.83b
BCsoPLso  32.50 62.3 76.8 89.50b  103.00a 104.50b
BC2sPL7s  46.00 77.5 91.8 104.00a 117.67a 119.83a
BCoPL1o0o  32.67 65.3 80.8 97.33b  115.33a 118.00a
Westleigh1 BCoPLo 32.67 66.2 93.5 105.00 116.0 120.33
BCioPLo 46.33 825 94.7 104.00 118.67 124.33
BC#ssPL2s  53.67  88.7 96.8 105.17 118.00 119.67
BCsoPLso  37.67  71.7 90.7 102.67 118.67 124.67
BCxsPL7s 39.30 69.3 97.0 106.50 113.33 117.33
BCoPL1oo  38.80 74.2 89.3 101.83 118.67 127.17
Shortlands BCoPLo 38.83 80.7 91.2a 103.67 111.33 113.00
BCiooPLo 4550 78.5 90.2a 96.50 106.33  110.33
BC#ssPL2s 42,17  79.0 71.8b 98.67 109.33  109.67
BCsoPLso  46.58  85.0 94.3a 104.67 114.00 115.67
BC2sPL7s  47.00 88.3 98.3a 108.67 115.00 119.67
BCoPL1o0o  32.13 74.0 90.8a 97.17 111.67 115.67
Hutton BCoPLo 4133 713 94.3 102.33 113.00 115.00
BCioPLo 37.80 77.5 87.3 99.83 111.33 112.67
BC#ssPL2s  37.67 65.8 95.7 100.67 109.67 112.67
BCsoPLso  32.47 61.0 92.7 10450 121.33 123.00
BCxsPL7s  36.17  72.0 100.0 108.00 118.67 119.67
BCoPL1oo  42.87 74.0 93.5 105.67 118.33  120.33
P (F- test)
Westleigh, ns ns ns p<0.001 p<0.001 p<0.001
Westleigh: ns ns ns ns ns ns
Shortlands ns ns p<0.05 ns ns ns
Hutton ns ns ns ns ns ns
CV% 9.6 5.9 1.9 2.5 2.7 2.7

Means with same letters in each column are not significantly different at p< 0.05 for each soil

type, ns= non-significant; CV= coefficient of variation, means separated using DMRT
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3.2.2.3. Above and below ground biomass

The biochar and poultry litter treatments had significant effects on both the below and above
ground biomass in all soil types (Table 7). In Wei soil, biochar and poultry treatments
significantly (p < 0.001) improved the above ground biomass from 8.97 g to the highest above
ground biomass of 14.41 g, a significant increase by at least 5.44 g above ground biomass
(Table 7). Biochar and poultry treatments also significantly (p< 0.001) improved the above
ground biomass in Hu, Wez2, and Sd soils, where the highest above ground biomass of 11.73,
9.35, and 9.96 g, respectively, were recorded at rate BC2sPL7s (Table 7). On the other hand,
biochar and poultry litter treatments significantly (p < 0.001) affected the below ground
biomass in all soils. In Hu soil, the highest value of 2.48 g for the below ground biomass was
recorded (Table 7). In We1 soil, the biochar and poultry litter treatments significantly (p<
0.001) affected the below ground biomass with the highest recorded below ground biomass
with a value of 2.09 g for treatment BCoPL1oo, Which is greater by 77.99 % when compared to

control and the rest of biochar and poultry litter treatments (Table 7).
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Table 7. Effect of biochar and poultry litter treatments on above and below ground biomass

Soil Treatments Above ground biomass (g) Below ground biomass (g)
Westleigh, BCoPLo 6.34b 1.74b
BCio00PLo 4.92b 0.52a
BC7sPL2s 7.06a 1.33b
BCsoPLso 5.21b 0.58a
BC2sPL7s 9.96a 1.38b
BCoPL10o 8.42a 1.23b
Westleighy BCoPLo 8.97c 1.17a
BC1o00PLo 10.28ab 1.43a
BC7sPL2s 14.41a 1.42a
BCsoPLso 9.88ab 1.18a
BC2sPL7s 9.83ab 1.63a
BCoPL10o 12.46b 2.09b
Shortlands BCoPLo 5.70b 0.23a
BCi00PLo 7.10b 1.13b
BCrsPL2s 6.95b 0.83b
BCsoPLso 8.98a 0.97b
BC2sPL7s 9.35a 1.31b
BCoPL10o 7.23b 0.66b
Hutton BCoPLo 7.65ab 1.3b
BC100PLo 10.91b 1.65b
BC7sPL2s 7.88c 0.84a
BCsoPLso 10.21ab 2.48b
BC2sPL7s 11.73a 1.67b
BCoPL10o 11.62a 2.06b
P (F- test)
Westleigh; p<0.001 p<0.001
Westleigh, p<0.001 p<0.001
Shortlands p<0.001 p<0.001
Hutton p<0.001 p<0.001
CV% 4.5 6.3

Means with same letters in each column are not significantly different at p< 0.05 for each soil type,
ns= non-significant; CV= coefficient of variation, means separated using DMRT.
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3.3. Discussion

3.3.1. Effect of biochar and poultry litter treatments on selected soil chemical
properties

3.3.1.1. Soil pH and total nitrogen

Biochar had the highest pH of 8.90 compared to poultry litter and all unamended
soils (We1, Hu, Wez, and Sd) used in the experiment prior to planting (Table 2), that
is why biochar is suggested a potential use as a liming material (Faridullah et al.,
2009). Biochar and poultry litter treatments had no significant effect on pH in, Wez,
Sd, and Hu soils, which may be due to high initial soil pH (7.06, 7.06, and 7.09,
respectively) compared to that of Wei (7.02) (Table 3). The liming or alkaline effect of
biochar is beneficial for acidic soils than those having high pH greater than 8. In this
case, a high pH effect of biochar might be due to the displacement of exchangeable
acidity and high buffering capacity of biochar, thereby retarding a further liming effect
(Abbasi and Anwar, 2015; Jean and Wang, 2013). However, the significant soil pH
increment of We:1 soil may be due to lower clay percentage of 18, compared to Hu,
We2, and Sd soils with clay percentage of 32, 26, and 57, respectively (Table 2 and
Table 3). According to Xu et al. (2013), the insignificant increment pH in soils with
high clay contents may be due high buffering capacity of clay soils compared with
sandy soils. On the other hand, compared to the control, Sd soil showed a significant
increase in soil N content of 23.00 to 28.67 and 29.67mg kg™ after application rate
BC2sPL7s and BCio0oPLo of biochar and poultry litter treatment, respectively (Table 3).
The increase in total soil N content of soil Sd may be due to higher initial total N
content of 61 mg kg compared to We1, Hu, We:z soils, with initial total N content of
18, 39 and 42, respectively. This is consistent with the findings of Hailegnaw et al.

(2019) who confirmed the dependence of biochar treatments effectiveness on

original soil properties.
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3.3.1.2. Soil Mg, Ca, K & available P

Nutrient availability is greatly affected by soil pH and it has been determined that
most plant nutrients are optimally available at soil pH between 6.5-7.5 compatible to
plant root growth (Miller, 2016). All soil had neutral pH levels above 6.5 but less than
7.5, which assumes vast nutrient availability for plant use (Table 2). Moreover, all
soils had desirable Ca: Mg ratio, which ranges from 2.5:1 to 2.7:1 and high Mg?*
content (Table 2). However, the insignificant effects observed after biochar and
poultry litter treatment application on soil Mg of all soil types (Table 3) had showed by
Wu et al. (2011) who reported significant Mg?* content increment in soils with low
original exchangeable Mg?* content. This suggests that exchangeable Mg?* was
released from biochar and poultry litter when applied in soils with relatively low

available Mg content (Wu et al., 2011).

The biochar and poultry litter treatments had no significant effects on Ca content in
Sd soil. However, the treatments significantly improved Ca content in, We2, We1, and
Hu, soils that had 66, 47 and 47% sand, respectively. The improvement of Ca
content in, Wez2, Wei1, and Hu, soils showed effectiveness of cation exchange
capacity and exchangeable bases in sandy soils (Sika, 2012). Studies have shown
that among other nutrients, Ca is most likely to be influenced by soil texture
(Bonomelli et al., 2019; Clark et al., 2003). Zhao et al. (2015) reported that clay
textured soil had reduced Ca content, due to poor soil aeration, soil impedance, root
growth and metabolism. High soil impedance may cause cessation of root growth,
increased ethylene production, accumulation of osmotic solutes in roots apices, and
reduction in root length that will later affect the water uptake together with Ca

content.
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The treatments had no significant effects on available P in all soil types except for
We: soil which was significant at p<0.001. Soil available P increased in We: soil
which may have been due to higher P content of 51 mg kg™ prior to planting as
compared to all other soil types Hu, Wez, and Sd with original P nutrient of 36, 3, 19,
mg kg*, respectively. According to Phares et al. (2017), the upsurge in P content is
probably due to the increase in solubilizing fungal biomass in soils with P
abundance. On the other hand, the treatments significantly increased the K content
in both soil We1 and Sd owing to the higher original soil K content of 172 mg kg and
189 mg kg?, respectively, prior to planting. Relatively improved soil K content

observed is in agreement with the findings of Romheld and Kirk, (2010) who

attributed a higher K content to the presence of clay soil that facilitated K fixation.

3.6.1.3. Trace elements (Cu, Fe, Mn, and Zn), Na, and organic matter

Trace elements occur naturally in soils and some (Beryllium, Helium, Neon etc.) are
not essential for plant growth. However, trace elements may be potentially toxic at
elevated levels (Hooda, 2010). In this study, the biochar and poultry litter treatments
had no significant effect on all selected trace elements and the Na level in all four
soils. The non-significance in trace elements (Cu, Fe, Mn, and Zn) content and Na, is
in agreement with an earlier study by Riedel et al. (2015) who reported a decreased
mobility of trace elements which was partly caused by an enhanced retention of
metal-binding and dissolved organic matter in biochar amended soils. Similar to the
trace elements, the biochar and poultry litter treatments had no significant effects on
soil organic matter of all four soil types. This could be due to sorption of labile soil
organic matter on to biochar particles, thus decreasing its mineralization (Bot and
Benites, 2005). Moreover, according to Cowie and Singh (2015), biochar may
transiently supress soil organic matter mineralization through a short-term inhibitory

effect on microbial activity of biochar-associated volatile organic compound.
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3.3.1.4 Exchangeable acidity and cation exchange capacity

Exchangeable acidity measures the amount of acid cations, aluminium and
hydrogen, occupied on the CEC (Logan et al., 2008). Cation exchange capacity on
the other hand measures the ability of soil to hold positively charged ions. Cation
exchange capacity is a very important soil property as it can influence nutrient
availability, soil reactions and other ameliorants (Hazlenton and Murphy, 2007).
Nevertheless, the biochar and poultry litter treatments had no effects on
exchangeable acidity in all soils (Table 4). This may be due to higher biochar and
poultry litter CEC, which has a capacity of binding Al and Fe with the soil exchange

sites (Mensah and Frimpong, 2018).

The non-significant difference of exchangeable acidity might also be due to the
reduction of exchangeable H* + AIP* content by biochar forming Al complex by
oxidised organic functional groups such as carboxylic and phenolic (Vithanage et al.,
2017). The biochar and poultry litter treatments significantly improved CEC in Hu
soil, which is in conformity with earlier work reported by Ndor et al. (2015) that
biochar used as a soil amendment can boost solil fertility and improve soil quality by
reducing soil acidity, improving cation exchange capacity (CEC) and retaining

nutrients in soil.

3.3.2 Effect of biochar and poultry litter treatments on selected physiological growth

parameters of maize
3.3.2.1 Stem diameter, plant height, above and below ground biomass

The biochar and poultry litter treatments had no significant effects on both the stem
girth and plant height at week 1 and 2 (Table 5 & Table 6), in all soil types due mainly

to concurrent slow release of nutrients and greater cation exchange capacity that
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allows for the retention of cations (Sohi et al., 2010). However, the biochar and
poultry litter treatments had a significant effect on stem diameter from week 3 to 6, in
various soil types (Table 5 & Table 6). This finding is in agreement with Lehmann et
al. (2011) and Anderson et al. (2011) who reported that biochar and organic
amendments could lead to a change in microbial abundance and activities in soils,

which could promote the release of plant growth hormones and improve

bioavailability of nutrients.

Biochar and poultry litter treatments significantly affected plant height. The highest
plant height of 98.3 cm was recorded at week 3 in Sd soil (Table 6 and Figure 4.1).
The increased plant height may be due to the highest total N content in Sd soil (61.0
mg kg?) before planting. This is in agreement with the work of Khan et al. (2008)
who observed an increase in plant height and attributed it to a positive effect of N on
vigorous vegetative growth. Moreover, the biochar and poultry litter treatments had
no significant effects on plant height at week 1 and 2 (Table 6). We2 soil had the
highest sand content of 66 %, compared to other soil types. This results are in
agreement with Novak et al. (2009) where similar improvement in plant height
occurred after addition of different biochar rates in sandy soils, owing it to mixing of

soil with less dense material (Celik et al., 2004).

A more detailed analysis of soil pores in relation to biochar and poultry litter rate
showed an increased volume of larger soil pores compared to the smaller ones
(Glab et al., 2016). Contrary to the results obtained with all selected physiological
growth parameters, the treatments significantly improved the below and above-
ground biomass in all soils (Table 7). Each soil type recorded the highest above
ground biomass of 9.96, 14.41, 9.35, and 11.73 g, in We2, We1, Sd, and Hu soils,

respectively, with the highest below ground biomass of 1.74, 1.63, 1.31, and 2.48 in
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We2, We1, Sd, and Hu soils, respectively (Table 7). The improved below and above
ground biomass after biochar and poultry litter application may relate to soil quality
improvement (Demir et al., 2010), nutrient release into soil solution, increased
chemicals/ beneficial organisms, balanced plant nutrition and availability of micro

elements (Gunes et al., 2014).

3.4. Conclusion

The results of this study showed that the biochar and poultry litter treatments improved
selected soil chemical properties (pH, Ca, Mg, K and available P) and maize DM yield
in different soil types. Biochar and poultry litter treatments increased soil pH through
the displacement of exchangeable acidity. The Increment in total nitrogen,
phosphorus and magnesium were dependent on the initial soil chemical properties
prior planting. However, biochar and poultry litter treatment effects on soil potassium
might be dependent on clay percentage and K fixation. Soil calcium mainly depends
on exchangeable base and sand percentage. Biochar and poultry litter treatments
enhanced retention of metal-binding and dissolved organic matter, which reduced
trace elements (Cu, Fe, Mn, and Zn) availability and Na was due to high element-soll
association or interaction that causes retention. In addition, the biochar and poultry
litter treatments decreased mineralization of organic matter through sorption of labile
organic matter in biochar particles. Biochar and poultry litter treatment reduced
exchangeable H* + AIP* content forming Al complex by oxidised organic functional
groups that did not affect the exchangeable acidity but improved CEC due to reduced
soil acidity. On the other hand, the biochar and poultry litter treatments had no effects
on stem diameter and plant height due to concurrent slow release of nutrients and
greater cation exchange capacity, which allows retention of cations. The treatments
impact on soil quality yielded an increased below and above-ground biomass of maize

crop through nutrient release into soil solution, balanced plant nutrition and availability
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of micro elements. Therefore, the treatments revealed a potential to ameliorate
agricultural soils using different biochar and poultry litter rates. Though biochar
possesses some essential elements required for plant growth, it is not effective when
applied alone. Consequently, the effectiveness of the treatment combinations

confirmed a potential to improve soil characteristics and crop growth, maize in

particular.
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Chapter Four

4. Experiment 2: Incubation experiment

Laboratory incubation studies are commonly used methods to estimate how soil
organic matter decompose in a controlled environment. A controlled laboratory
incubation experiment was carried out to determine effects of biochar application at
different rates on N, P and bio-quality parameters of different soil types over a period

of 120 days.

4.1. Materials and methods

4.1.1. Soil and biochar characterization

4.1.1.1. Soil characterization

Soil samples used in the controlled laboratory incubation experiment are the same as

those used in the experiment described in subsection 3.1.1.1.

4.1.1.2. Biochar characterization

Biochar properties are the same as described in subsection 3.1.1.2.

4.1.2. Set-up of the laboratory incubation experiment

The experiment consisted of four soil types (Wei1, We2, Hu, and Sd) and four biochar
application rates (0, 10, 20, and 40 t ha'), in a factorial arrangement as shown in
Table 8 below. Each treatment consisted of 200 g of soil homogenously mixed with
biochar as amendments at the stated rates in 500 ml canning jars. Deionized water
was added to each jar to bring moisture to approximately 60% water holding capacity
of the mixture. Amended soils were sealed and incubated in the dark at 25°C, and
opened every seven days to exchange air and readjust moisture levels. The
treatments were laid in a completely randomize design (CRD) and replicated three
times. Soil samples collection from each treatment was at 30, 60, 90 and 120 days of

incubation. Analyses of collected samples for P, N and bio-quality parameters using

45

© University of Venda



)
o

&5 ) university of Venda
C

procedures were similar to those procedures described in subsection 3.1.1.1., 4.1.3.,

414.,415.,4.16.,and 4.1.7.

4.1.3. Soil microbial biomass Carbon and Nitrogen (MBC & MBN)

Soil active microbial biomass carbon and nitrogen were measured by fumigation
extraction method (modified from Vance et al., 1987) where a non-fumigated 10 g of
soil was extracted immediately shaking with 40 ml of 0.5M K2SO4 solution, filtered
through a Whatman No.1 filter paper and stored in a freezer. Another 10 g of soll
was fumigated with chloroform for 24 hours and then 40 ml of 0.5M K2SO4 was
added and placed in a shaker for 30 minutes. The mixture was filtered similarly to the
non-fumigated soil. Organic carbon extracted was determined using the acid
digestion, K2Cr207 and ferrous ammonium sulphate back titration. Microbial biomass
carbon was determined by the difference between the carbon in fumigated and non-

fumigated sample using the formula below (Beck et al., 1997).
Microbial biomass carbon (MBC) = (OCF- OCNF) /KEC.........cccoiiiiiiiiiiiienn, (1)

Where: OCF= organic carbon extracted from fumigated
OCNF= organic carbon extracted from non-fumigated

kEC= soil specific constant, which is often estimated as 0.45

For microbial biomass nitrogen, 20 ml of the extract was digested using the Kjeldahl
digestion method. Where a 20 ml sulfuric acid (98 %) together with 2 Kjeldahl 5 g
tablets of missouric catalyst were added in the extract. The mixture was heated at
300-380 °C until a white fume was seen. After 180 minutes, the vapor was bubbled
through a sodium hydroxide solution. When the extract was completely transparent,
the sample was allowed to cool at room temperature. Then 100 ml water was added
and the glass content was transferred to the distillation unit. During distillation, 50 ml

sodium hydroxide 50 % solution was added to neutralize pH and convert NH4* into
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NHs. Stream of water vapor was bubbled in the sample to entrain the NHs formed. A
condensed NHs was captured in 50 ml boric acid solution. When NHs reacted with
boric acid, the solution turned red violet to green (pH 4.4 — 5.8). Around 150 mi
condensate was captured in boric acid solution and titrated with 0.25 mol/l of HCI
until the solution turned violet. With the volume and concentration HCI, number of
mol nitrogen was determined. The difference in nitrogen between the fumigated and

the non-fumigated is a liable N pool which is proportional to microbial biomass

nitrogen that was calculated using the formula below. (Brookes et al., 1985).
Microbial biomass nitrogen (MBN) = (ONF- ONNF) /KEC...........cccooiviiiiiinne. (2)

Where: OCF= organic nitrogen extracted from fumigated
OCNF= organic nitrogen extracted from non-fumigated

KEN= soil specific constant, which is often estimated as 0.45

4.1.4. Soil organic carbon (SOC)

Soil organic carbon was determined by the sulphuric acid (H2SO4?) and aqueous
potassium dichromate (K2Cr207) method described by Nelson and Sommers (1975).
The method involves the digestion of 0.5 g of dry soil sub-sample in 5 ml of K2Cr207
and 7.5 ml of concentrated H2SO4. The digestion tubes containing the soil was
placed on pre-heated block at 145-155 °C for 30 minutes. The digests were
guantitatively transferred into a 100 ml conical flask and 0.3 ml of indicator was
added to the solution then stirred using a magnetic stirrer. Thereafter, the digests
were titrated with ferrous ammonium sulphate solution until a greenish to brown end
point was reached. The titre value was recorded, and using the formula below soil

organic carbon was calculated.

47

© University of Venda



)
o

&5 ) university of Venda
C

% Soil organic carbon (%) Tx02x0.3 S (3)
Sample weight

Where: T = titration volume

4.1.5. Alkaline and Acid phosphatase (PA) and B-glucosidase (GA)

Alkaline and acid phosphatase and p-glucosidase activities were determined
following the methods reported by Tabatabai and Bremner (1971) and Eivazi and
Tabatabai (1988), respectively. The method was based on the use of 0.5 g of soil,
and 2 ml of modified universal buffer (MUB) containing the following substrate:
alkaline phosphatase activity assay which were performed at pH 11 using p-
nitrophenyl phosphatase (PNPP) as substrate, while acid phosphatase activity assay
was performed with the same substrate at pH 5.5. Then 0.5 ml of CaCl. 0.5 M and 2
ml of NaOH 0.5 M was added in both the phosphatase; p-glucosidase activity was
measured using the spectrophotometric assays where 1 g of air-dried soil was
incubated for 1 hour with p-nitrophenyl-B-glucoside at 37°C (Sigma Chemical Co., St.
Louis, MO, USA) in modified universal buffer (pH 6.0). Enzymatic reactions were
stopped by cooling in ice for 15 minutes. Thereafter, 2 ml of Tris (hydroxymethyl)
aminomethane-sodium hydroxide (THAM-NaOH) 0.1 M pH 12 was added. The three
enzymatic assays formed p-nitrophenol (PNP) product from reaction. The products

were then determined calorimetrically at a wavelength of 398 nm.
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4.1.6. Soil dehydrogenase activity (DHA)

Soil dehydrogenase activity (DHA) activity was measured by spectrophotometry
using the hydrolytic reaction of formazan formation, where 2, 3, 5
triphenyltetrazolium chloride (TTC) solution was added to 2 g soil. The soil was
shaken and incubated in the dark at 25°C for 24 hours. The products of hydrolyses
reaction were extracted using 10 ml methanol, centrifuged at 4500 rpm for 10

minutes and then sample absorbance was determined at 485nm (Casida et al.,

1964).

4.1.7. Available phosphorus (P) and nitrogen(N)

Available P was obtained by mixing 6.67 g of soil with 50 ml Bray-1 extracting
solution. The mixture was shaken on a reciprocal for 60 seconds, filtered through No.
42 Whatman filter paper and the extract analyzed for available P content at 854 nm
using spectrophotometer (Bray and Kurtz, 1945). Extractable N was determined
using spectrophotometer by colorimetric technique that provides measurements of
nitrate (NOs’), and ammonium (NH4*) from a single soil extract. A 100 ml of 2 M KCI
solution was added to 10 g soil sample and the mixture was shaken for an hour then
filtered through Whatman No. 42 filter paper. The concentrations of ammonium and
nitrate in sample extracts were measured at the absorbance 655 nm and 419 nm,

respectively (Bremner and Keeney, 1965; Freney and Wetsleaar, 1967).

4.1.8. Statistical analysis

Using the CRD model, analysis of variance was conducted using the Statistix
software version 10.0 package (Statistix Institute, 2013). The effect of incubation
days, biochar application rate, and soil type on selected soil nutrients and bio-quality
parameters, were analyzed. The significant differences between the treatments was

observed, the mean separation was done using LSD at 5% level of significance.
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4.2. Results

4.2.1. Physiochemical properties of soils before planting
The result of physiochemical properties of soils before planting were described in

subsection 4.1.1.

4.2.2. Chemical composition of pine wood biochar (BC)
The results of a chemical composition of pine wood biochar (BC) were described in

subsection 4.2.
4.2.3. Effect of biochar application rates on N, P, and bio-quality parameters

4.2.3.1.The effect of incubation period, biochar rate, and soil type on N, P and bio-

guality parameters

Incubation period, biochar rate and soil type had significant effect (p < 0.05) on N, P
and all selected bio- quality parameters except for AP which was not affected

significantly by soil type (Table 8).
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Table 8. The effect of incubation period, biochar rate, and soil type on enzyme activities, N, P, and bio-quality parameters

Treatments DHA(INF mg? U(NHs-N mg- AP(P-nitrophenol PAGA(P-nitropher P N SOC MBC MBN
kg * 2h™) kg™ 2h™) mg™ kg™ h™) mg™ kg™ h™) (mgkg™) (mgkg?) (%) (%) (%)

Incubation

period

30 27.58 13.88a 3048.10 896.65 23.61a 29.08a 1.28a 13.7la 10.32

60 21.31 11.38b 632.00 573.72 27.47b 29.47b 1.50b 14.10b 4.86

90 21.00 9.04c 652.40 538.54 30.75¢c 36.60c 1.98c 15.76bc 6.63

120 28.20 9.83c 641.40 565.68 33.64d 40.20c 2.68c 25.40c 10.92

F- value (0.05) ns * ns ns * * * * ns

LSD (<0.05) _ 0.88 _ _ 0.92 2.59 0.39 2.00

Biochar rate

0 24.80 11.42a 447.20 417.20 27.83a 31.27a 1.52a 15.62a 5.05

10 22.60 10.42a 728.10 742.30 28.69b 39.68¢c 1.73ab 16.68ab 5.74

20 24.43 11.46b 3082.80 720.95 28.83bc 33.43c 2bc 17.55b 13.74

40 26.26 11.46b 715.80 694.15 30.12c 30.97¢c 2.19c 19.11b 8.19

F- value (0.05) ns * ns ns * * * * ns

LSD (<0.05) _ 0.88 _ _ 0.92 2.59 0.39 2.00

Soil type

Sd 44.75a 17.18a 1275 1408.80a 25.87a 18.33a 2.0la 16.50a 8.87a

Hu 22.89b 5.50b 1160.80 818.60b 34.54b 37.93b 1.69b 14.50b 1.35ab

We; 18.77bc 11.64c 102 145.90c 27.07b 10.62c 1.02b 22.35b 4.8lab

We; 11.69c 9.81d 2436.10 201.40c 28c 68.47d 2.72c 15.61b 17.69b

F- value (0.05) * * ns * * * * * *

LSD (<0.05) 11.13 0.88 _ 385.30 0.92 2.59 0.39 2.00 13.32

CVv 86.62 15.23 652.74 114.18 6.09 14.65 40.31 22.18 310.42

Means with same letters in each column are not significantly different at p< 0.05 for each soil type, biochar rate and incubation period, ns= non-significant; CV=
coefficient of variation, 30, 60, 90, 120= Incubation period (days), 0, 10, 20, 40= Biochar rate (t ha'), Sd, Hu, We,, We;= Soil type
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4.2.3.1.1. The effect of incubation period on N, P and bio- quality parameters

Urease activity measured at 30 days of incubation was high by 13.88 units compared
to 11.38 at 60 days of incubation, decreased 9.04 units at 90 days of incubation, but
picked-up marginal increase at 120 days of incubation (Table 8). On contrary, soil
available P increased with increase in incubation days, while available N increase
was observed at 90 and 120 days of incubation. Soil organic carbon and microbial
biomass carbon increased with increasing incubation days until peak at 90
incubation days (Table 8). On the other hand, available N increased and peaked with

biochar application rate of 10 t ha'* and then decreased at biochar application rates

of 20 and 40 t ha "}(Table 8).

4.2.3.1.2. The effect of biochar rate on N, P and bio- quality parameters

Soil P and bio-quality parameters (SOC, and MBC) increased consistently at a very
low rate from the lower biochar application rate (0 and 10 t ha ) to 20 and 40 t ha !
application rate (Table 8). Urease activity decrease was observed at 10t ha * and 40
t ha ! biochar application rates with an increase observed at 20 t ha ! biochar

application rate (Table 8).

4.2.3.1.3. The effect of soil type on N, P and bio- quality parameters

Westleighe1 soil had higher available N, SOC, and MBN, while We2, and Sd soils
had lower SOC, MBN, and available N, respectively (Table 8). Available P was high
in We2 soil and lower in Sd soil. In contrast, Sd soil had the highest U and DHA
enzyme activities. The lowest U activity was measured in We2 soil, while the lowest
DHA activity was recorded in We2 soil. The MBC was high in soil Wez and lower in

soil Hu. PAGA had the highest value in Sd soil and the lowest in We2 soil (Table 8).
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4.2.3.2. The effect of treatment interaction (incubation days x soil type) on selected
soil chemical properties and bio-quality parameters.

The results from ANOVA showed that the interaction of incubation days and soil type
had no significant effect (p < 0.05) on measured soil DHA, AP, PAGA, SOC, and
MBN (Table 9). However, the interaction of soil type with incubation days exerted
significant effect on U, P, N and MBC (Figure 6.1). Figure 6.1 shows the interaction
of soil type with incubation days, where U activity was optimum when Sd soil was
incubated for 60 days and lowest when Hu soil was incubated for 90 days. Available
N was optimum when We: soil was incubated for 90 days and lower when Sd soll
was incubated for 30 days. Soil type x incubation period interaction Hud had the
highest available P compared to all soil type x incubation period interaction. While,
Sda soil type x incubation period interaction had the lowest available P compared to
all other soil type x incubation period interaction. On the other hand, We24 soil type x

interaction had the highest MBC which dropped at Wela soil type x incubation

period interaction (Figure 6.1).
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Table 9. ANOVA table for 120 days incubation of different soils with biochar application in various rate

source DF DHA U AP PA+GA P N SOC MBC MBN

IncDays 3 0.191"s 0.000™ | 0.377"s 0.0612"s 0.000™ 0.000™ 0.000™ | 0.000™ 0.599"s
BiocRate 3 0.870" 0.006™ 0.350" 0.1131" 0.000™ 0.000™ 0.000™ | 0.000™ 0.332"s
Soiltype 3 0.000™ 0.000™ | 0.582"s 0.000™ 0.000™ 0.000™ 0.000™ | 0.000™ 0.014™
IncDays*Bcrates 9 0.159"s 0.000™ | 0.439" 0.2819" 0.000™ 0.000™ 0.852" | 0.006™ 0.382"s
IncDays*Soiltype 9 0.498"s 0.000™ | 0.451"s 0.0640"s 0.000™ 0.000™ 0.098" | 0.000™ 0.775"
Bcrates*Soiltype 9 0.122"s 0.000™ | 0.440"s 0.0019™ 0.000™ 0.000™ 0.937™ | 0.8163™ 0.402"s
IncDays*Bcrates*Soiltype 27 0.124ns 0.000™ | 0.483" 0.2842"s 0.000™ 0.000™ 1.000" | 0.9576" 0.492"s
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Figure 6. 1. Error bars for the effect of interaction of soil type (We1, Wez2, Hu, and
Sd) with incubation days (a- 0, b - 30, ¢ - 90, and d - 120 days) on (a) U, (b) P and
N, and (c) MBC
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4.2.3.3.The Interaction effect of incubation days with biochar rate, on N, P and bio-
guality parameters

Soil P, N and bio-quality parameters (U, SOC, MBC, and MBN), were affected
significantly by the interaction of incubation days’ x biochar rate (Figure 6.2.). Other
bio-quality parameters were not affected by the interaction of incubation days’ x
biochar rate (Appendix 1). At 30 days of incubation, the interaction of incubation day
X biochar rate revealed that U activity at al was the lowest and highest at a4. While
U activity at incubation day 60 revealed the increase from 9.982 (interaction 60
incubation period with 0 t h'1) to 13.999 at interaction b3, and thereafter U activity
dropped to 8.754 at interaction b4 (Figure 6.2 a). At incubation day 90, the
interaction of incubation day with biochar rate revealed that U activity at c1 was the
highest and lowest at c4. On the other hand, U activity at incubation day 120 showed
a decrease from interaction d1 of 12.279 to interaction d2 of 6.742, and thereafter U
activity started picking up and increased at interaction d3 and d4, respectively
(Figure 6.2 a). Figure 6.2 b and 6.2 ¢, shows that available P, SOC, MBC, and MBN
uniformly increased from incubation x biochar rate interaction al to d4. Available N
varied much with the rest of the parameters in that, it started with a lower incubation
day x biochar rate interaction of 26.542 at al, then increased to 40.708 at interaction
a2, and finally dropped to 28.333 and 20.75, at incubation day x biochar rate
interaction of a3 and a4, respectively (Figure 6.2. (b)). Figure 6.2. also shows the
rise of available N at interaction bl, increasing at interaction b2 and then dropped at

b3 and b4. Similar patterns continued at interaction c1 — c4, and d1- d4, respectively.

56

© University of Venda



7S
>

(o

&5 ) university of Venda
C

=
e T LN RN =Y
H_|
T H
HH
=g

U (NH,-N mglkg!2h?)

Lan T LS I S & A ¢ <]

al
a2
a3
ad

= — ('] o =
o (%] (3] (8] [}

dl

— ] [32]
= = =
30 60 90
IncDays*Biochar rate (@)

NP ON

o2 PEEEEEELia i

PandN (

o NN

oo I 0y B B 0 B e B O |
al PRELLLLZt,

a2
di

120

IncDays*Biochar rate (b)

B50C @MBC OMBN

_35
£ 30
S 25
= =
- 20 :'
] ¥
E 15 iTh ol "-“ parl i 'n' !1'- l : : :
a2 10| | § VIR 41 Nl §| NIl A
b= : \ : ' ' \ L] ] \ : N
~ 5| H N 4 N M| R oI T (L
&) H| K 1 D 1| =1 =] .
o . A =1 =Y AN Nl B ! MEEN
w — i~ (2] =t — o] [32] =t — [ (3] =t — [ 2] =t
-} [} -} -] =] o o o o o o o =] = =] =]
30 60 a0 120
IncDays*Biochar rate ()

Figure 6. 2. Error bars for the effect of Interaction of incubation days (a- 0, b - 30, ¢ -
90, and d - 120 days) with biochar rate (1 - 0, 2 - 10, 3 - 20, and 4 - 40 t ha!), on (a)
Urease activity, (b) P and N, and (c) SOC, MBC, and MBN.

57

© University of Venda



)
o

&5 ) university of Venda
C

4.2.3.4. Soil type x biochar rate interaction effect on N, P and bio-quality parameters

Figure 6.3 shows that the interaction of soil type x biochar rate had significant (p <
0.001) effect on U, PAGA, P and N. Appendix 1 shows that the interaction effect of
soil type x biochar rate had no significant effects on other bio-quality parameters
(DHA, AP, SOC, MBC, and MBN). Nitrogen availability was higher in soil type
interaction with biochar in We22 and We24 soils and lower on soil type interaction
with biochar in Sd1 and We:21 soils (Figure 6.3 b). Phosphorus availability was higher
in soil type x biochar interaction in We24 and We23 soils. It was lower on soil type x
biochar interaction Sd4 and We24 soils (Figure 6.3b). Figure 6.3 a shows higher U
activity on solil type interaction with biochar in Sd3 and Sd4 soils and lower on soil
type * biochar in We24 and We22. On the other hand, PAGA activity was higher after
soil type biochar interaction Sd4 and lower on soil type biochar interaction We24

(Figure 6.2 c).
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4.2.3.5. The effect of interaction of incubation days, soil type and biochar rate on
selected chemical properties and bio- quality parameters
Incubation days’ x soil type x biochar rate interaction had significant effect on U, P,

and N only and the rest of bio-quality parameters were not affected (Table 9).
4.3. Discussion

4.3.1.The effect of incubation days, biochar rate, and soil type on N, P and bio-
guality parameters.

The results of this study revealed that the effect of incubation days and biochar rate
on Urease activity and agrees with the pot experiment of five organic amendments
(pig manure, cow dung, chicken manure, rapeseed meal and biochar) study
conducted by Yang et al. (2018), which revealed a decrease in U activity with
increased incubation days due to hydrolysis of C-N bond of some amides and urea.
Urease activity increased after biochar application at the rate of 20 t ha! (Table 8)
and was probably due to increased organic matter forming soil enzyme clay/complex
to protect the enzyme within (Demisie and Zhang, 2015). Increased MBC and SOC
with incubation days was also observed by Zhu et al. (2017) who concluded that it
might be due to decomposition of organic materials which led to a release of
nutrients to provide energy for microorganisms (Wardle et al., 2008). The observed
increased MBC and SOC may also be due to the limited (120 days) incubation days.
Jindo et al. (2014) reported that a decrease in MBC and SOC was only observed
after 150 days of incubation with biochar. Biochar addition and days of incubation
increased N and P availability when compared to control soil (Atkinson et al., 2010).
An increased nutrient availability may be as a result of an increase in alkaline
phosphatase activity and P/N levels in biochar treatments (Xiao et al., 2016). Though

there were no significant differences observed on the effect of incubation days on
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acid phosphatase activity, a general decrease in AP activity as compared to the
control was observed. A decrease of acid phosphatase activity would mean an
increased alkaline phosphatase activity that might be a result of an increased

inorganic P in soil (Lemanowicz et al., 2019)

4.3.2.The effect of Interaction of incubation days with soil type, on N, P and bio-
guality parameters

Table 3 Shows a significant interaction between incubation days with soil type on
available P. An increased incubation period x soil type significantly increased
available P. An increase in available P in relation to soil type and incubation period is
due to the effect of soil pH on available P as shown in Table 8. Phosphorus
availability was maintained for longer period in alkaline soils due to adsorption
complex that P formed after reacting with Ca?*, thereafter reacting with the Ca?* in
the soil solution, and lastly with the Ca?* on the surface of the calcite (Akinremi and
Cho, 1991). The results are also in agreement with what Olsen et al. (1954)
described as rich P solubility observed in sandy soils than in clay soils. Boukhalfa-
Deraoui et al. (2015) stated that “available P in soils is affected by a number of
parameters such as; soil pH, organic matter, limestone, and soluble salts”.
Nonetheless, it is still essential to characterise available P in order to establish its
activities to adjust soil fertility and make fertilizer recommendation. On the other
hand, the interaction of incubation period with soil type had a significant effect on
MBC. The less clayey We: soil with 18 % clay maintained its lower MBC compared
to the rest of the soils (Table 11), owing it to the fact that sandy soils cannot retain
water and drains quickly while clay loam preserve water and hold nutrients (Heritage
et al., 2003). Biochar incubated soils had greater MBC in more clayey soils than

sandy. Soil attachment to particles of biochar may contribute to micro-aggregation of
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soil, and variability in the microbial responses to biochar with aggregates may lead to
inconsistent, transient effect of biochar on microbial communities which may not
even reflect on change in MBC (Rillig and Mummey, 2006). Similarly, interaction of
incubation days with soil type significantly affected the urease activity and the
available N, where a notably low U activity of 0.000 units (no activity) was recorded
on Sd soil at 60 days of incubation. Several studies have demonstrated the role soil
texture plays in carbon storage and nutrient retention (Najmadeen et al., 2010; Silver
et al., 2000). From observations made by Raiesi (2006), fine textured soils showed
aggregate stability, which acts as a media to greater nitrogen and organic carbon
content. Nevertheless, an increase in organic carbon activates the U activity in soils
(Mahata and Antil, 2004), which may explain the highest activation of U activity
responding to interaction of soil type and incubation days (Appendix 1.). The effect of
interaction of Hu soil with different incubation period had no significant effect on U
activity, which is in agreement with a reported increase in enzyme activity with
increased organic matter content as a result of less activity in sandy soils as
compared to medium-fine sand (Wallenius et al., 2011 and Niemi et al., 2015).
Furthermore, from the study it can be inferred that no great influence of soil type and
incubation days’ interaction on available N was detected. The differences in nutrient
availability among soils alters the magnitude of microbes and makes it difficult to

identify the individual effects (Kolb et al., 2009).

4.3.3.The effect of Interaction of incubation days with biochar rate, on selected soil
chemical properties and bio-quality parameters

Biochar rate interaction with incubation days had significant effect on MBC and MBN.
The significant increase of microbial community is considered beneficial in improving

soil nutrient sources and overall fertility status, which will in turn sustain crop
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production (Visser and Parkinson, 1989). According to Ding et al. (2016), improved
microbial community occur by increasing nutrient availability, providing suitable
shelter and ameliorating living conditions. However, Domene et al. (2014) found no
significant change in microbial activity after biochar application. Therefore, there are
high possibilities that increased microbial activity relied on easy mineralization of the
organic content in biochar (Woolf and Lehmann, 2012). Enhanced nutrient (P and N)
retention is due to an increasing shift in biological activities and microbial community
(Lehmann et al., 2011), thereby increasing plant nutrient availability in nutrient limited
agroecosystem (Major et al., 2010). The results of the study concur with the results of
a 60 days’ incubation study conducted by Botha (2016), which explained an increase
in available N between day 1 to 7, as characterised by protein breakdown to form
amino acid before being transformed to NH4* through the process of ammonification.
In addition, increased available N could arguably be due to the composting nature of
biochar which release exchangeable ammonium through biochar surface chemistry
(Korner and Stegman, 1998). Similarly, available N and P increased with an increase
in biochar rate interaction with incubation days. The higher available P concentrations
is explained by Atkinson et al. (2010), who showed that soil microbes could be
responsible for soil binding with biochar which in turn yielded nutrient retention.
Moreover, the microbes could have broken down the organic P captured in
phospholipids, nucleic acids and phytyl, and transformed it to phosphate ions, or
organic complexation of Fe and Al, which reversed it from being fixed and
unavailable (McBride, 1994). Soil urease activity decreased with increased incubation
days and biochar rate interaction possibly because biochar may release toxic
components such as ethylene which may inhibit some soil microbial activities (Hale et
al., 2012). The results of the study also demonstrated the weak effect of biochar to

soil enzymatic activities, reflecting sensitivity of soil management practices (Niemi et
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al.,, 2015). The latter is provoking further investigation on use of biochar for soil
management. However, with the understood role of biochar to carbon sequestration,
biochar rate interaction with incubation days had significantly increased SOC (Bruun
et al., 2011). An increased SOC is explained by fixed thermally stable carbon
structure formed during pyrolysis with occurrence of series of cleavage and

polymerization reactions (Spokas et al., 2012).

4.3.4.The effect of Interaction of soil type with biochar rate, on selected soil chemical

properties and bio-quality parameters

The effect of soil type interaction with biochar rate revealed a general decreased
urease activity on sandy soils with increased biochar rate. The general decrease in
urease activity in the soils indicates the sensitivity of urease to biochar amelioration in
sandy soils (Ying et al., 2011). Although urease is responsible for transformation of
urea into ammonium and carbon dioxide (Dick, 1992), it is susceptible to many
changes such as hydrocarbons by release of heavy metal and common oxidative
urease damagers such as carbonyl and nitrotyrosine (Garcia-Gil et al., 2000; Yang et
al., 2018). Furthermore, diverse urease activity effects were observed in various soils
and biochar rates. Though it was expected that there would be greater attachment of
biochar when incubated in clay soils compared to sandy soils (Jaafar et al., 2015),
there were no distinct differences among soils ameliorated. Biochar surface structure
seem to attach both finer and lager soil particles (Jaafar et al., 2014). It is still unclear
whether soil type and biochar interaction could influence the microbial community
directly or indirectly (Jaafar et al.,, 2015). Hence, the variable response of soil
microbes to biochar application and soil type (Rillig and Mummey, 2006). This
observation might explain the available N fluctuations as reported by Han et al.

(2004) that the catalytic efficiency of the enzyme reaction may vary from time to time
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depending on the urea concentrations and soil organic matter levels. Furthermore,
the study significantly revealed higher available N in sandy soils as compared to clay
soils, of which Kolb et al. (2009) explained to be affected by correlations among soil
factors (e.g. soil nutrients status, soil texture, and organic matter content) making it
difficult to identify individual effects. However, inconsistent significant differences
were observed on both the available P and 8 glucosidase. The differences in enzyme
dynamics may be due to variation in soil chemical properties (Vepsalainen et al.,
2004) and a deactivation of enzyme activity may be due to sorption or blocking of
enzymes (Brantley et al., 2015). According to Boukhalfa-Deraoui et al. (2015), soil P
fixation was responsible for a decrease in the amount of available P generated or it is

likely that the initial available P rapidly mineralised (Brantley et al., 2015).

4.3.5.The effect of interaction of incubation days, soil type and biochar rate, on N, P
and bio- quality parameters

Soil enzymes are the main mediators of biological processes in the soil as they are
responsible for nutrient cycling, mineralization and organic matter degradation (Marx
et al., 2001). The results of this study showed that most enzyme activities were not
affected significantly by the interaction of incubation days, soil types and biochar
rates. Urease activity was the only enzyme affected significantly. Soil urease is
involved in hydrolysis of C-N bonds of some amides and urea (Bremner and
Mulvaney, 1978). Consequently, increased biochar rate would mean an increased
urease activity (Tabatabai, 1994). However, Demisie and Zhang (2015), reported an
indirect effect of biochar on urease activity through dissolution of organic carbon. On
the other hand, Niemi et al. (2015) stated that biochar incubated soils had few or

weak effects on soil enzyme activities. Therefore, biochar physiochemical properties
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may have attributed to the effect of improved enzyme activity (Zimmerman et al.,
2011) resulting in degradable composition in biochar treated soils. However, Niemi et
al. (2015) observed soil N immobilization after biochar addition, but biochar addition
in this study did not reveal similar results as there were general fluctuation of soll
nutrients and soil bio-quality parameters. Although minor significant effect on soll
microbial activities were observed, biochar significantly affected available soil P and

N, reflecting on the microbial activities in soil (Saarnio et al., 2013)

4.4, Conclusion

The incubation study had hypothesized that biochar applied in different soil types (Sd,
We2, Hu and We1) would affect soil bio-quality parameters (MBN, MBC, SOC, PA,
PAGA, and DHA) and selected soil chemical properties (N and P). Certainly, the
results of the study revealed various response of soil bio-quality parameters and
selected soil chemical properties, after biochar application at different rates and in
different soil types. Both the single and interaction effects of biochar rate, soil type and
incubation days had variable significant effects on soil bio-quality parameters and
selected chemical properties. Interestingly, biochar significantly affected and improved
soil available N and P in different soil types. Although most of soil bio-quality
parameters were not significantly affected after biochar addition in soil, there were
some instances where bio-quality parameters such as U, SOC, MBC, and MBN were
affected significantly by the interaction of incubation days with biochar rate, interaction
of soil type with biochar rate which significantly affected U, and PAGA. While
interaction of incubation rate with soil type had significantly affected U and MBC.
Consequently, the study found inconsistent effects of biochar rate, incubation days
and soil type on soil enzymes and other bio-quality parameters. Furthermore, the

mechanism of microbial activity fluctuation and inhibition of enzymes need to be
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determined. Biochar application rate, incubation days and soil type had variable
effects on soil bio-quality parameters in the short-term study. Therefore, further
prolonged studies (more than 120 day) is required for further evaluation of the effects
of incubation period, biochar rate and soil type effects on soil nutrients ad bio-quality

parameters.
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Appendix 1. Labserve soil test interpretation, pH, K and available P

pH (Water) Interpretation Total K Description Available P Description
(cmol kg?) (mg ko) (mg kg 1)
<54 Strongly acidic <20 Very low <15 Extremely low
5.5- 6.4 Moderately acidic 20- 40 Low 15- 20 Very low
6.5- 6.9 Slightly acidic 40- 120 Medium 20- 80 Optimum range
7 Neutral 120- 240 High 80- 140 High
7.1-75 Slightly alkaline >240 Very high >140 Very high
7.6-8.3 Moderately alkaline
>84 Strongly alkaline
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Appendix 2. Labserve soil test interpretation, Total N, Ca, Mg, Zn, Cu, Fe, Mn,
CEC and Organic matter

Parameter Unit Optimum range
Total N Mg kg * 20- 40
Ca Mg kg * > 200
Mg Mg kg * > 60
Zn Mg kg * 2-10
Cu Mg kg * 1- 10
Fe Mg kg * 10- 250
Mn Mg kg * 10- 250
CEC Cmol kgt | >10
Organic Matter % > 0.75
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