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EFFECT OF BIOCHAR PRODUCED FROM PAPER WASTE AS ACIDIC SOIL 

RECLAMATION AND IMPOVEMENT OF VEGATABLE YELD 

GIRMA WATUMO 

ADDIS ABAA, ETHIOPIA, 2018 

Abstract 
 

The biochar amendment in soil had got more attention of research in the recent time, 

to reclaim acidic soil. The aim of this study was to increase yield of red beet and 

cabbage in pot experiment via biochar for the experiments were  pyrolysis  by  500
o
C 

and sieved with mesh size 2mm applied in acidic soil with pH= 4.98 at the rate of six 

different treatments. The results of the study showed a significant (P<0.05) increase 

in dry weight of red beet 7.16±0.03 g at highest application of biochar comparing to 

control soil 1.325±0.009 g similarly 5.32±0.2 g of cabbage was obtained  highest 

application of biochar combined with fertilizer comparing to control soil 0.94±0.03g. 

A significant (P <0.05) result in soil pH 7.83±0.001 and 7.97±0.02 increased with 

significantly comparing to control soil pH 4.83±0.08 and 4.74±0.12 after harvesting 

of cabbage and red beet. The  EC  0.30±0.0007mScm
_1

  was  obtained  from  

application of highest  does  of  biochar  at  red beet comparing to control soil  EC= 

0.11±0.003 and  EC=0.28±0.015 m s/cm also obtained at cabbage comparing to 

control soil 0.11±0.003 mScm
_1

. Particularly soil organic carbon 1.98±0.09 and 

2.22±0.023 % were obtained from the high dose of biochar after harvest of red beet 

and cabbage respectively which, showed trends of increase with increasing biochar 

application compared to the control soil 0.74 % value for the two crops. A 

significantly CEC difference (at p < 0.05) was observed between treatments 

(48.42±0.07 cmolc kg
-1

) and control (17.81±0.04 cmolc kg
-1

) on cabbage. similarly 

significant (P<0.05 increasing of CEC 36.4±4.324 cmol (+) kg soil application of 

highest  treatments of biochar together with fertilizer comparing to control soil 

17.81±0.060 cmol (+) kg soil on red beet  The total nitrogen 0.23±0.01 and 0.25±0.01 

%  was  obtained  highest  biochar nested on fertilization compared to the control 

0.16 and  0.15% after  harvest  red beet and cabbage  respectively.Therefore, 

application biochar is very imperative to increase soil fertility, enhance nutrient 

retention and remediate acidic soil.  

Key words: biochar, soil reclamation, pyrolysis, red beet and cabbage. 
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Chapter One 

1. Introduction 

1.1 Background of study 

 

Soil amendments are products that are added to poor soils to improve their fertility. 

These include organic fertilizers such as biochar. Biochar is a type of charcoal 

produced by a thermochemical process called pyrolysis of organic waste material 

under high temperatures and anaerobic conditions (Ninson et al., 2015). 

The continuous farming without using amendment reduced agricultural production 

due to los of soil nutrients with in low fertility(Steinbeiss et al., 2007). New 

approaches were used to address issues of soil acidity at the same time management 

of paper waste. This study aims to evaluate the potential of paper waste cardboard 

biochar used as a soil conditioner, improving properties of soils, increases in overall 

soil quality and, as a consequence, has a possible to increase yield of red beet and 

cabbage pot experiments. The conversion of paper waste which have no economic 

values and create environmental disposal, cost and amount of energies in recycling by 

making it in the form of new paper board in paper industries were reduced.At the 

present time in the world nitrogen based fertilizers  contributed to greenhouse gas 

(GHG) emissions by reduce soil carbon balance, soil microbial activities, 

consequence to climatic change and soil acidification (Steinbeiss et al.,2007).  

As the result of this study could be overcome by biochar in the form of fertilizers 

were an important alternative to remediation of acidic soil combined with optimum 

amounts of external inputs of nitrogen fertilizers ( Sarfraz et al.,2017). 

 Subsequently use of biochar amendment  in soil  remediation  had  got more attention 

of research in the recent time, that  it carried out  to the soil, where  could contribute 
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to large  term carbon storage, thus mitigates increasing atmospheric carbon dioxide ( 

CO2 ) concentrations in the atmosphere (Steinbeiss et al., 2007).Improving  soil 

quality biochar, nutrient  retention  loss and contaminates in the soil (Ahmad et 

al.,2014), elements nitrogen and phosphorous leaching minimized, microbial  

populations  were stimulated, crop  yield  by remediation  of  acidic  soil (Tang 

etal.,2013). Much  of  the  recent biochar research had been focused on the potential 

of biochar in tropical  area in the Amazon pretatera soils in Amazon basin with 

outcome indicating biochar were retaining  natural soil organic matter  in the soil with 

low  organic carbon by using of biochar as amendment to soil changing of the 

dissolved organic matter content and composition ( Smebye et al.,2016). 

In generally from this study assumption biochar act as both soil improvement and 

reduction of atmospheric carbon dioxide medium provide us with a win-win 

opportunity that could reduce greenhouse gas emission. The research were very 

crucial for Addis Ababa city due to the availability of the feed stock especially paper 

waste which streams habitually was placed in throwing away at market, institution 

and school centers that released greenhouse gases to atmosphere through burning in 

steady of recycling. 

The predominant method were throwing away with other organic wastes to disposal 

sites were land filling which were not a practical solution for Addis Ababa city with a 

limited available landfill. However, most of Ethiopia people were engaged in 

agriculture practices and need to buy inorganic fertilizer, but this is not easily 

affordable financial burden for smallholders to purchase fertilizers and most parts soil 

were acidic with leached with soil nutrients like nitrogen and phosphorous. 

Therefore, this research provides an option for substitution of artificial fertilizer by 

using fed stock of especially paper waste cardboard, as biochar to reduce nitrogen 
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based fertilizer cost and become food self-sufficient to maximize yield of red beet  

and cabbage with six treatments by replication  control  without biochar C ( 0%), the 

two char treatments B (2% and 5%) w/w of  biochar, three fertilization regimes 

fertilizer as positive control F(0.15%), the two biochar char treatment 

plus recommended rate of fertilizer BF (2:0.15%) and (5% :0.3%) w/w fertilizer on 

in kg of soil. 

The red beet and cabbage was selected as the trial crop because they are a commonly 

grown crop and are spread throughout out Ethiopia being cultivated under both 

irrigated as well as rain fed conditions in different agro climatic region. 

Among common crops red beet and cabbage though a recent introduction were 

rapidly becoming a popular vegetable crop among consumers (Yeshitila et al,.2016). 

1.2 Statement of the Problem 

 

Currently, one of the major problems facing countries  like Ethiopia  normal yields of   

crops have been declined    due to  soil  acidity   increases  amount of exchangeable 

Al
+3

  that occupies cation exchange capacity  sites . 

This gap can explained by  bio char cheaper and sustainable alternative  substitution  

of inorganic fertilizer to farmers with and with nitrogen fertilizer were  a temporary 

solution to  modification of acidic soil the process remediation and decreases  amount 

of exchangeable Al
+3

  that occupies cation exchange capacity  sites(Angst etal.,2014). 

In an experiment conducted in Rwanda, 30 t/ha of compost composed of vegetative 

waste and   biochar  household waste  was added to acid soil  compared with the 

control treatment, the amount of exchangeable Al
+3

decreased from 3.77 to 2.44 

cmol+/kgfrom 4.0 to 2.7 cmol+/kg(Bass  et al.,2016). Globally, excessive use of 

nitrogenous fertilizer is a very serious issue   in  soil  acidity(Sarfraz et al., 2017). 
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In China, the estimated application rate of nitrogen fertilizer is 300 kg N/ha, that is 

much higher than the average (Sarfraz et al., 2017). Excessive use of nitrogen 

fertilizer has caused several problems in soil, such as soil acidification, reduction in 

soil quality, and low nitrogen use efficiency  (Crawford  et al.  2008).  This gaps can 

be explained  by  biochar particles have the large specific surface area, due to which it 

is reported to act as a soil modifier to improve the crop yield, increase the  and 

mitigation of soil acidification which, results in significantly increased agricultural 

productivity and improved soil quality. 

Consequently, the use of biochar enhances soil quality  interestingly can work 

considered means of helping to mitigate climate change and improving of soil with 

low organic carbon resulted on the crop  yield better (Steinbeiss et al., 2007). Still 

now in our country very small amount  of  tasks has been established   and little work 

were used biochar can work as acidic soil remediating, enhances soil quality  with 

biochar. Furthermore the uses of nitrogen fertilizers have negative influence on crops 

germination and growth in acidic soils due to having more acidity the soil cation 

become to reduce from the soil. Such gap eradicated uses of biochar alternative to 

remediate acidic soil. Moreover this research remediating of acidic soil with a biochar 

application leads in transformation to sustainable productive status of vegetable crop 

yield of beet root (Betavulgaris) and cabbage (Brassicaceae).  

This could help also modify use of biochar technologies in farmer level Ethiopia for 

the future and minimize price of   nitrogen fertilizers to farmer increasing from time 

to time. Thus, in this study the conversion of paper waste to biochar were successful 

to solve the striving in weight and volume of wastes throwing away from different 

directions of streams. In the study area of paper wastes were deposed and burned at 

generation sites could be came increasing GHGs due the facts of pollution and 

https://www.britannica.com/plant/Brassicaceae
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reduced improving soil fertility and the productivity of crop. Therefore to reduce the 

above challenged problems were using of the only biochar fertilizers should be 

alternative source. 

1.3 Research Questions 

 

The research was tried to address the following significant questions. 

 Can biochar increase the emergence (germination) and growth of vegetable 

crops?  

  What is the effect of biochar on soil acidity and fertility levels ( i.e. CEC, EC, 

SOC,  NPK and  soil pH ) 

 Which rate of biochar application is most effective in increasing of the above 

ground and below biomass of vegetable crops? 

 What is the effect of biochar on acidic soil chemical properties? 

1. 4 Objectives of Study 

1.4.1 General Objectives 

 

The main objective of this thesis work is to effect the biochar produced from paper 

wastes as acidic soil reclamation and yield of vegetable crops of cabbage 

(Brassicaceae) and red beet (Beta vulgars).  

 

1.4.2 Specific Objectives 

 

 To produce biochar from paper waste (cardboard) and characterize its 

physiochemical properties (i e. OC pH, TN, P, EC, CEC and exchangeable 

base.) 

https://www.britannica.com/plant/Brassicaceae
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 To examine ultimate analysis, surface characters and morphology of 

biocharproduced from paper waste using elemental analyzer, XRD, SEM and 

EDX for use in soil amendment applications. 

 To examinethe effect of biochar application on some key soil chemical 

properties. 

 To evaluate the effects of biochar on germination, growth rate and on biomass 

of vegetables of red beet and cabbage. 

1.5 Significance of the Study 

The continued use of agriculture with no endpoint consequently, result unsustainable 

production of the crops in wide range. The study was explore the potential of paper  

waste biochar for use in  acidic soil increasing crop emergence success 

ratessignificant in solving the problems to amend acidic soil improving 

physiochemical properties organic carbon(OC),pH, total nitrogen (TN),soil 

phosphorous content(P),electrical conductivity (EC),cation exchange capacity (CEC) 

and exchangeable bases  and reducing farmer’s cost of purchasing nitrogen fertilizer 

by substitution of biochar as organic fertilizer  in the future.    

The aim of this study was to determine biochar as a beneficial to soil improvement to 

increases of cabbage and red beet yields. 

1.6 Limitations of the Study 

This study was limited in number of factors typically by time of maturity of the sawed 

seed cabbage and red beet. Thisexperiment was also restricted to acidic soil 

collection, lighting condition of green house, watering regiment, biochar feed stocks 

production. 
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Chapter Two 
 

2. Literature Review 

2.1. History of Biochar  

The word biochar is defined  as a carbon rich and porous substance, which is obtained 

by thermal decomposition of fed stocks in the  absence oxygen ( Lee et al.,2013). The 

possible environmental consequences may accompany by biochar amendments, such 

as nutrient release, soil organic matter improvement and raises in pH of soil (Enders 

et al., 2012).The biochar were used to store large amount of carbon  from the soil, 

reduce greenhouse gas(GHG) emission, improve soil quality, decrease nutrient 

leaching and fertilizer requirements (Bass et al., 2016).  

In recently biochar is increasingly got attention as an environmental-friendly approach 

on soil amendment due to its potential to enhance soil fertility and  reduced  climatic 

change to future research on  biochar, the yield of plant would be increased (Sohi et 

al., 2013). 

The historical back-ground of biochar as a soil amendment was originated from 

Amazonian Dark Earths (known as Terra Petra) in the Amazon basin soil where 

charred organic materials appear to have been added purposefully to soil to enhance 

its fertility (Carvalho et al.,2016).  

Much of recent biochar research had been focused on the potential of biochar in 

tropical in the Amazon soils, with outcome indicating biochar were sorbs natural 

organic matter in the soil with low organic carbon  (Smebyeet al., 2016). 
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Figure 1:  Comparison of profiles of terra preta and (A) soil transformed into fertile terra preta 

using biochar (B) nutrient poor soil. 

 

Moreover, biochar comes from Amazon times in Amazonian Basin terra preta soil 

with low showed that use of biochar highly leached infertile soil change  dissolved 

organic matter content and composition (Smebyeet al.,2017). Amazonian societies 

was produced biochar in a similar method as today in open air fires biomass with 

covering with dirt and left to burn with no flame to make biochar.  

Nevertheless, this approach is not effective method for production of biochar still 

nowadays and it is traditional techniques. The word biochar also originated from 

similar soils have not only been identified elsewhere within the region on the country 

like Ecuador and Peru, but also beyond, West Africa, Benin, Liberia and  savanna of 

South Africa (Sohi et al., 2009). 

Similarly periodic fire across Australian landscapes created in a natural process of 

carbon sequestration from atmosphere to soil by the conversion of biomass to 

charcoals has recently been quantified for process of concerted use of biochar(Sohi et 

al.,2009). Yet again in Midwestern United States  presence of biochar in highly 

infertile soil increases soil water retention, nutrient retention and  raises in  pH of soil 

A B 
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(Enders et al., 2012)and other many researcher explain  the historical  back ground of  

biochar  to similar  way. 

2.2. Feed Stocks Sources Used forProduction of Biochar 

Feed stocks currently used a in research facilities for biochar production include paper 

wastes (office paper, newspapers, cardboard) woodchips, landscaping residues, wood 

pellets, tree bark, crop residues (including straw, nut shells and rice hulls), switch 

grass and bags from the sugarcane industry.  

The paper wastes (office paper, newspapers, cardboard) woodchips, landscaping 

residues that are not disposed in appropriate carbon from plants is converted to 

biochar used as a soil improvement progresses through the carbon cycle much more 

slowly radio carbon dating of Amazonian biochar indicates a potential soil residence 

time measured in 1000s of years (Smebyeet al.,2017). 

Municipal solid organic waste (e.g. Wood from construction, newspapers, packaging, 

biomass from landscaping and agriculture) materials  which have little or no 

economic values creates  environmental disposal problems can be converted into 

biochar which can con tribute to soil quality  crop production improvement and act as 

a carbon sink (Rehrah et al., 2014) . 

2.3 .Environmental Impact of Biochar 

2.3.1. Effect of Biochar on Waste Management 

Biochar can be a simple yet powerful tool to combat climate change. As organic 

materials decay, are released into the atmosphere paper waste to be found in throwing 

away anywhere at present highly accumulated. This is  difficulty in weight and 

volume in throwing away sites (Sohi et al., 2009).  
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However ,thus could be reduced by biochar application to agricultural soils may be a 

way of cheaper practices  to waste management, maintaining the supply of nitrogen as 

nutrients to crops  alone or with the uses of nitrogen fertilizer.  

By charring the organic material much of the carbon becomes fixed into a more stable 

form and when the resulting biochar is applied to soils, the carbon is effectively 

sequestered and reduce weight and volume of waste accumulation from throwing area 

that generate the sources to landfills (Sohi et al., 2009).  

Therefore, GHGs are discouraged by the reduction of the weight and volume of waste 

from generation sites from traditional waste disposal, processing and recycling 

operations .The paper wastes  that  deposed  and burned  could  be  reduced  GHGs   

by application to agricultural soils may improve  soil fertility and  productivity of 

crop.  

This concluded that biochar may loosely hold nutrient elements in a plant-available 

from the by-product of wastes. However, at the same time as it may also be possible 

to utilize retention capacity to remove contamination in the environment. 

2.3.2. Effect of Biochar on Climate Change 

In order to understand the potential significance of carbon in soil in the form of 

biochar, its use in climate change. However ,it is increasingly recognized that a 

greater proportion of the total carbon may comprise and stored from the products of  

burning (Angst et al.,2014). 

Thus have implications for the response of the wider soil carbon pool to climate 

change. The presence of soil organic matter is important for a range of useful soil 

properties (Angst et al.,2014). 

The studies conclude that biochar stimulates microbial population, process of 

microbial energy acquisition and carbon dioxide and various nutrient elements which 
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may be conserved in the soil.Biochar has also the ability to sequester carbon from  

atmosphere and transfer it to soil  (Rehrah et al., 2016). 

Moreover, biochar that used in soil amendment reduces  emission of the most potent 

greenhouse gases such as methane and nitrous oxide (Rehrah et al., 2014). 

Furthermore, to our knowledge, no literature is available on the use of solid organic 

waste generated at municipality level as precursors of biochar designed for soil 

fertility applications and environmental management .Hence, this approach is novel 

and sounds both economically and environmentally.  

2.3.3. Effect of Biocharon Soil Amendment 

Biochar production using locally accessible and renewable materials economically 

gives a unique chance to enhance soil fertility and nutrient utilizes effectiveness. The 

biochar because CEC is  the main determinant factor for improve soil microbial 

community in the soil as the biochar serve as the honey comb to carry 

microorganisms and nutrient  retention increased in the higher pH (Qian et al.,2015). 

Thus increase in soil CEC alteration  and modification of soil structure turn end point 

to the soil fertility by avoiding soil  nutrients loss by leaching  through  by water  

movement and by providing  a nutrient reserve available to plant to grow roots as due 

to the  higher  surface of  biochar provides increasing of soil nutrient’s. 

Therefore, biochar help in management of soil fertility through alone or with nitrogen 

fertilizer substantially reduced nutrient discharged and microorganisms become to 

grow.  

This is considered be critically important for nutrient retention by considering to the 

solution to leading to alter root elongation, and provide productivity of crops. 
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Subsequently, biochar contains nutrients, such as NPK, it can supply nutrients to the 

soil directly from  biochar increases soil fertility directly by increase ability of soil to 

retain nutrients (Qian et al., 2015). 

2.4 Factor Affecting BiocharProduction 

2.4.1.Pyrolysis Temperature 

 

Pyrolysis temperature significantly influences the distribution and properties of 

products of biochar(Kan et al., 2016). Generally,  higher  temperature the char 

products are converted into gas products(Kan et al., 2016). The physicochemical 

characteristics (electrical conductivity, concentration of inorganic elements, carbon of 

biochars from bio- mass  at different temperatures were also influenced  because  

temperature change ( Ninson et al., 2015). The average pore size diameter of the 

biochar was influenced by the nature of the biomass and pyrolysis conditions(Ninson 

et al., 2015). The average pore size diameter of the biochar also has implications for 

determining the suitability of this product for specific applications, such as  

reclamation of soil , support material, and other applications(Brownsort et al., 2013).  

2.4.2 Pyrolysis and Biochar System 

The word pyrolysis is  defined as a thermal decomposition of fed stocks in absence 

oxygen (Lee et al.,2013). Pyrolysis from Greek word ‘pyro’ meaning fire and ‘lysis’ 

meaning decomposition,is the decomposition oforganic material at high temperatures 

in the complete or partial absence of oxygen. 
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 Pyrolysis involves the heating of organic materials in the absence of oxygen to yield 

a series of bio-products.The fed stock that used in biochar production is 

lignocelluloses mainly composed of cellulose, hemi-celluloses, and lignin, associated 

with inorganic materials and water (Ahmed  et al.,, 2016).  

Therefore, the thermal decomposition behaviors which depend mainly on treatment 

temperatures in the pyrolysis process that cellulose decomposed (315 – 400
o
C) and 

hemicellulose (220–315 
o
C) and lignin  280 and 500

o
C(Rehrah et al., 2017). 

thought of the temperature (Rehrah etal., 2016). 

However, composition of feed stock is influenced by the pyrolysis conditions can be 

explained by the difference in the degree of reactivity and decomposition of the 

components of lignin  that  yield (94%) at pyrolysis temperature of 300 
o
C due to its 

high lignin and cellulose content (Rehrah et al., 2016).  

However, at higher temperatures yield decreased largely due to the release of volatile 

matter from the shell structure. 

2.4.3 Stability of Biochar in the Environment 

 

Biochar is considered a recalcitrant C-rich material as consequence of its 

predominantly condensed aromatic structure comparison to other organic materials,  

resists to microbial or natural environmental  decomposition(Brownsort et al., 2013)..  

On the other hand, not all biocharhave the same stability in soil, depending on the 

biomass used and the pyrolysis conditions. Generally, biocharbelieved   to be stable in 

soils likely for several thousand years soil residence time of either charcoal or biochar 

in timescales ranging  from  decades to millennia(Brownsort et al., 2013). The 

stability of biochar depends by the degree of condensation of the aromatic rings 

(closely referred to the feedstock) and by the biochar particle size, and climatic 
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conditions (Di,et al.,2015). But, in particular to the charring conditions at which 

biochar is produced is also critical to the biochar stability in the environment. 

2.4.4Biochar on Nutrients and Pyrolysis Conditions 

The readily-available nutrients promoted by mineralization of organic matter 

especially in acidic soils biochar retains nutrients in the soil through capturing of 

nutrient from the water solution by the process of  immobilization at surface of bio-

char. Several researcher’sreviewed that from thermal degradation of the biomass 

potassium and nitrogen were obtained at temperatures < 700 °C. 

While Calcium, Magnesium, phosphorous and Sulfur  obtained at considerably higher 

temperature> 1000 °C ) and  silicon  accumulated  larger availability at low pyrolysis 

temperatures ( < 500 °C), even if pH, EC was obtained at high pyrolysis temperatures 

( > 800 °C) and greater amount of extractable P was obtained low  temperature ( < 

350 °C)  ( Di et al., 2015). 

This could the case  temperatures nutrient becoming concentrated of elimination of 

the more volatiles C, O and H ( Di et  al., 2015). Thus from biochar could be used as a 

potential source providing microbes with a more favorable habitat. 

 However, biochar are probably more important for use as a soil amendment by 

stimulating microbial population in the soil having a number of tiny pores structure to 

accommodate the nutrients and that provide a biochar as habitat for communities of 

microorganisms. 
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2.5 Biochar on Physico-Chemical Properties 

2.5.1 Biochar on pH 

 

The biochar pH values have been widely depend on pyrolysis conditions (Jindo et al., 

2014), nature of the feedstock and ash contents (Lee et al., 2013). The pyrolysis 

temperature in  most is biochar basic as reported by  Enders et al  ( 2012) 

This could have the neutralizing capacity that provide benefits of improving soil 

fertility which have more acidic   nature of feedstock is the determinant factor for the 

rise of  biochar pH( Lee et al., 2013). The biochar  from   lignocelluloses waste have 

high pH with alkali may be suitable for amending acidic soils  (Rehrah et al., 2017). 

This may be higher ash biochartended to have the greatest pH values due to the 

presence of basic cation due to organic composition of the parent biomass in addition 

to pyrolysis conditions have been shown to affect the properties of the final biochar 

products(Kan et al., 2016).  

The study   by  Qian et al., 2015) reported  that biochar on CEC was  found that up to 

1.9  times  higher  than  in the adjacent  soils ,without biochar. This suggested that 

improvement in CEC is related to the oxidation of aromatic carbon from negative 

surface functional by the process oxidation.This negative surface on the biochar 

having more surfaced that can be reacting with the positive cations that are more 

aggregated on the acidic soil. The oxidation of aromatic compounds by formation of 

carboxyl groups having with the negative charge because of the surface oxidation of 

biochar ability make back organic matter on to carbon surfaces of biochar(Qian et al., 

2015). 
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2.5.2Biochar on Soil Electrical Conductivity 

 

The electrical conductivity closely related to soil properties. It is used to determine 

soil more easily to conduct electricity. The electrical conductivity  is  highly depend 

on  the fractions of ash  present  during biochar production such as  inorganic minerals 

that do not volatilize at typical pyrolysis temperatures (Lee et al., 2013) . 

Therefore, the biochar with high electrical conductivity possess soil amendment 

which can be effective in enhancing soil fertility. The pyrolysis temperature was 

associated with significant increase of ash content in biochar with regarding to the 

residence times positively influenced the EC of biochar(Mimmo.,et al. 2014). 

2.5.3 Biochar on Cation Exchange Capacity 

The main determinant factor for increase  in CEC in soil were volatile matter in 

biochar(Enders et al., 2012). This could contributes a significant quantity of negative 

charge material on the soil to displace the positive cation from high acidic soil. 

 So it has a relatively high cationexchanging capacity of  positive charged  cation 

from depleted  soil that are  improve  the plants growth  by  improving  of the soil 

acidity(Li et al., 2017).  

Many research study  tells that basis for CEC change in the soil  were presence of  

acidic oxygenated functional groups such as carboxyl groups on the biochar(Rehrah et 

al., 2016). This could be biochar have higher degree of oxygen at the surface 

functional groups make biochar   may be candidates for amending soils that may 

benefit from modest increases  make  up of  CEC better to initiate .The presence of 

water-soluble salts in the biochar samples increase CEC (Tang et al., 2103). 

This may stimulate soil microbe results in the soil fertility, improvement nutrient 

availabilityand increase crop productivity. Other studies  that black carbon undergoes 
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oxidation  in the soil  raise CEC (Sun et al., 2014). This could potentially increase the 

CEC of a soil by the formation of oxygenated functional groups.  

Therefore, lower CEC biochar may still be valuable  long-term soil amendment  that  

again provide information regarding the ability of biochar  to retain cations on the 

particle surface vital for plant growth  and good soil structure (Novak et al., 2014)  .   

2.5. 4 Biochar on Soil Structure and Pore Size Distribution 
 

When biochar incorporated into the soil, can alter soil physical properties  that  are  

soil  texture with possible implications on soil tensile strength (compaction), 

permeability, infiltration, water holding capacity and  microbial activity (Carvalho et 

al., 2016). An agronomical point of view, application rates of even 1-2% (w w) of 

biochar may significantly increase  water holding capacity  it is associated with higher 

soil organic matter content then to a higher soil water holding capacity and to a lower 

soil compaction (Di et al., 2015).  

Biochar may significantly influence soil texture, structure, porosity and consistency 

through changing  pore size distribution, density and packing, there  by  the   biochar 

may influence soil properties such as workability  response to water and permeability  

(Guo et al., 2014). 

2.5.5. Biochar on Soil Water Holding Capacity 

 

The biochar amendment on soil may include changes in infiltration shifts in the 

amount of water stored in soils, including water stored in a plant-available and shifts 

in soil hydrophobicity(Romualdo et al., 2018).  

Overall benefits induced by biochar on the soil water holding capacity seem to be 

mainly attributed to its porous  structure of biochar, which reflects the cellular 

arrangement of the original feedstock (Di et al., 2015) .   
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Studies on soil-biochar mixtures have shown an increase in soil water-holding 

capacity up to 30% (Di et al., 2015). The water holding capacity  of Terra Preta soils 

was 18% higher than in adjacent soils in which charcoal was absent and attributed this 

to the increased  porous structure of the char particles  with  low as 0.5% (g g
-1 

) 

biochar application rate sufficient to improve the ability of plants to survive under  

drought conditions (Di et al., 2015). 

2.6Biochar on Biological properties 

 

The application of biochar  stimulate  soil  microbial biomass, alters the community 

biodiversity and activates dormant soil microorganisms(Di et al., 2015). 

The biochar in the short time  of  period on soil microbial community  composition 

and  inhibition of the soil  microbial biomass, along with  mineralization rate, was 

reported for a coarse  textured soil after addition of Eucalyptus biochar-derived 

(Mimmo et al.,2014).  

The improvement of the habitat for microorganisms in soils may also be a 

consequence of indirect benefits induced by biochar on physical and chemical soil 

properties such as increased soil organic carbon, increased pH, cation exchange 

capacity and water holding capacity, reduced content of exchangeable aluminum and 

manganese and sorption of toxic compounds harmful for microorganism(Steinbeiss et 

al., 2007) 

2.7 Biochar on Agricultural Productivity 
 

2.7.1 Role of Biochar on the Agriculture 

 

The total carbon content of biochar varies considerably depending  on feedstock and 

may range from 400  - 900 g kg−1  (Rehrah et al., 2016). The application of biochar 

to soil has many environmental and agricultural benefits, including reduction of 
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synthetic fertilizers, carbon sequestration, water resource protection, soil, and crop 

production improvement (Rehrah et al.,2014).The suitability of biochar as an 

effective soil amendment in agricultural fields has been related to but not limited to its 

role in increasing soil fertility by raising soil pH, increasing moisture holding capacity 

and nutrients retention in soil, providing a habitat for beneficial fungi and microbes, 

improving CEC, and reducing leaching of highly weathered soils(Rehrah et al., 2016). 

2.7.2 Biochar on Crop Productivity 

 

Many researchers reported that biochar addition on the vegetable crop can increased 

the yield comparing to the control soil. However, higher increase in the yield was 

obtained with addition of nitrogen fertilizers. The nitrogen fertilizer with the biochar 

increased from 95 to 266% variation in yield of radish comparing from control soil to 

highest rate of treatment(Mimmo et al 2014). 

This could be associated with high pores structure of biochar that stimulate soil 

microbial populations and nitrogen fertilizer as the conditioner sometimes the only 

use of biochar has impact on seed germination because of it has the long-life stability 

in the environments as dormancy stage which may decreased the expected yield on 

the productivity of crops(Brownsort et al., 2013).  

Therefore, the application of biochar was used in turn to reduce nutrient loss through 

leaching, nutrients leads to increased root growth of the crops with in soil constraint 

likely outcome in increasing crop productivity. The elongation of root consequence in 

increasing crop productivity could be availability of Phosphorous. 

This cation favored to accumulate the phosphorus by avoiding of some metallic cation 

like aluminum and iron oxides on the surface of soil (Tang et al., 2013). Thus, biochar 

decreased chemisorption’s of aluminum and iron oxides. Therefore, enhanced 

Phosphorousloss in the soil can be amended by addition of biochar amended soil may 
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due to the changes of soil environment for microorganism and prospective result in 

increasing crop productivity and yield (Tang et al., 2013). 

2.7.3 Rate of Biochar Application on Crop Productivity  

The recommended rate of biochar application ranges 5t/ha 20t/ha were suitable for 

agricultural crops from (Downie, 2007). Some researcher reported that  even if lower 

than this rates of biochar application can significantly increase crop productivity 

assuming that the biochar is rich in nutrients which that soil lack (Downie, 2007). The 

biochar application rates used to date vary widely also more than the above values in 

the trials. Thus, to avoid the negative impact of biochar small amount of fertilizer 

found positive effects on the growth crop. 
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Chapter Three 

3. Materials and Methods 

3.1 Experimental Design and Rate of Biochar Application 

The study was conducted in Addis Ababa University art kilo campus. The green 

house was established at a temperature of 22±0.05° C from December to March. The 

soils amended with biochar were placed in plastic pots weight of  156g  (16 m in 

diameter and 20 m in height) in greenhouse was filled with 3kg ( 2mm sieved air dry ) 

total 36 pots were prepared. The treatments consists of design of pot experiment was 

employed three replicates for each treatment in a complete randomized design  at the 

rate of six treatments by replication control without biochar C (0%), two  char 

treatment  B (2 and 5% w/w) of  biochar, the fertilization regimes fertilizer as positive 

control F (0.15%), biochar combines with  fertilizer  in the  ratio  of BF (2 :0.15 %) 

and (5 :0.3% ) w/w on soil. 
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Table 1: Treatment description of biochar fertilizer control and combination of biochar and 

fertilizer 

Treatments Biochar applied 3kg soil / 

pot 

Urea as  fertilizer applied 3kg 

soil/ pot 

C(0) 0 0  

F(0.15) 0 0.15%w/w 

BF (2:0.15)    2%w/w 0.15 %w/w 

BF(5:0.3) 5%w/w 0.30%w/w 

B  (2) 2%w/w 0 

B(5) 5%w/w 0 

C=control, F=fertilizer, BF =biochar combined with fertilizer and B=biochar 

The Urea with 46%, of nitrogen was used as sources in the greenhouse pot 

experiment. The recommended rates and required amounts for pot experiment N (175) 

kg/ha The formula used to calculate the amount of fertilizers for 3 kg of soil in pots  

(Sarfraz et al.,2017). 

 

 

RAF =recommended amount of fertilizer, ASP = amount of soil in pot 

Equation 1: recommended amount of fertilizer for pot 

 

Based on the recommended doses and percentage of   nitrogen contents from the 

sources, final doses applied to the 3kg soil were N (0.0525 g/kg of soil (0.0175). 

Seeds of the varieties were selected based on their wider use in the Ethiopia base on 

the information from Ethiopian agricultural institute two varieties of cabbage and red 

beet were used as a test crop to conduct the experiment was collected from the 

ministries of Ethiopian agriculture from Gourd shoal from Addis Ababa that released 

in 2013 variety of Copenhagen. 
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3.2Biochar Production and Soil Processing 

  

The feeds stock chosen for production of biochar was reflected availability to pot   

research has been obtained from Addis Ababa city. The method used for the research 

was experimental in laboratory paper waste was converted in to biochar using a 

pyrolysis technique that later applied to acidic soil.  

It was air-dried cut into approximately 3cm *2cm size converted to biochar by 

pyrolysis for the yield of vegetables crops. The soil for pot trial was collected from 

Soil Research Institute from Holata from oromia region at the begging of December 

by digging a hole in a potato field depth of (0-10 cm) depth from three sampling 

medium that potatoes has been harvested in the previous month removing the active 

plant and air-dried before being sieved through screening to remove plant residues.  

Biochar was produced using a large, temperature controlled mouldAddis Ababa 

shared glass factory. based  on recommendation   according to (Lee et al., 

2013)Temperature was maintained at  500 
o
C and charring time was 1h. 
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Figure 2:  Shows the process flowchart for the production of biochar 

 

At the time of application, a subsample of bio-char was manually ground to 2mm 

mesh   used   to separate large grain particles for the experiment, stored in the air tidy 

jars. 

3.3 Biochar Characterization before experiment 

The biochar samples were characterized their physical and chemical properties that 

include soil pH, electrical conductivity ( EC), ash content, Extractable base cations  

such as potassium ion (K
+
),sodium ion (Na

+
), calcium ion (Ca

2+
)  and magnesium  ion  

(Mg
2+

), cation exchange  capacity (CEC), available phosphorous (AP), organic carbon 

(OC), total nitrogen(TN),elemental analysis (CHNS/O and SEM. 

The moisture content was determined by oven drying at 105°C for 2 h, the ash content 

was determined by muffle furnace at 550
0
Cfor 5 h approximately 2 g of oven dried 
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biochar .After cooling in the dissector  remaining solids (ash) was weighed  (Rehrahet 

al., 2017). 

 

RS = mass of remaining solid (ash), O =mass of ordinal carbon (biochar) 

Equation 2 :determination of ash content of biochar 

 

The  pH was measuredby a Portable  pH  meter 1:2.5 w/v water- biochar  suspension 

and ECwas measured by conductivity mete (HANNA Instruments) 1:.2.5(w/v) water-

biochar suspension after shaking in the mechanical shaker 1hr (Rehrah et al., 2016b). 

Olsen extractable phosphorus (P) was determined using Olsen P method (Olsen 

etal.,1954). Then, extracted P was filtered through Whatman filter paper 42 and P 

concentration was measured by addition of ammonium molybdate-ascorbic acid 

(mixed color developing reagents) using a spectrophotometer optimization with the 

wavelength 882 nm.  

The Walkley and Black,(1934) an examination method determining OC content  by 

proposed modification chromic acid titration method treating of biochar sample with 

K2Cr2O7  and H2SO4. Finally Orthophosphoric acid (H3 PO4) and diphenylamine was 

used as indicator just before titration ,then it was  back titrated against standardized 

Ferrous sulphate solution (FeSO4.7H 2O ), till to give sharper end point of green  

including to the blank  the  OC content. The percent OM was obtained by multiplying 

percent soil OC by factor of 1.724.  

Total nitrogen (TN) was analyzed using the Kjeldahl method by oxidizing the organic 

matter in the presence of catalyst mixture of selenium powdered treated with conc. 

H2SO4   was to digest quantitatively to the macro-Kjeldahl.  

CEC were determined by flame atomic absorption spectrometer with the method of 

ammonium acetate extract method that the sample was mixed with sodium acetate at 
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150 rpm on a mechanical shaker for 5min, sequentially with sodium acetate followed 

isopropanol then ammonium acetate to displace adsorbed sodium ions.  

The Ca
2+

and Mg
2+

 were determined by atomic absorption spectrometer method of 

EDTA titration with ammonium acetate extract.  

The flame photometry was used to Na
+
 and  K

+
 in ammonium acetate extract  method 

after leaching each sample with ammoniumacetate(Mitchellet al., 2013). 

For total content of elements in biochar obtained from cardboard biochar at 500
o
C 

Carbon (C), Hydrogen (H), Nitrogen (N) and Sulfur (S) were conducted in duplicate 

using a CHNS analyzer in the gas flow rate of 120ml/min, reference flow rate 

100ml/min, oxygen flow rate 250ml/min, furnace temperature of 900
o
C and oven 

temperature of 75 
o
C. The percentage of oxygen content was estimated by difference 

as follows(Al-wableet al., 2013). 

 

 

                             O=oxygen, H=Hydrogen, N=Nitrogen, S= sulfur, A=ash  

Equation 3: determination of elementsanalysis in biochar 

 

Different atomic ratios   O: C and H::C were also calculated.  

The surface morphology of  biochar obtained at 500 
o 

C  was investigated using 

scanning electron microscopy (SEM, JEO)/ Energy Dispersive X-ray Spectroscopy 

(SEM/EDX), which was conducted to identify the changes in the surface and 

structures of biochar, also used for quantitative chemical analysis 2 mg of oven-dried 

105 
o 
C  for 12 hour  fine powder  fresh biochar was analyzed. 

O =   100 %   - (C+H+N+S+A)% 
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3.4 Assessment of the Effect of Biochar on Plant Growth 

3.4. 1 Phytotoxicity Test and Rate of Germination  

A seed germination assay was carried out by spreading 7 seeds were placed over 

surface of Petridis by Triplicate petrish dishes were filled with 30 g of soil as control 

and 0.2g biochar was added onto the top of the seeds by covering with whatman filter 

paper 42 incubated for 3 day and deionized water was added every 24 h under 

darkness in the laboratory then number of germinated seed was counted(Sun et al., 

2014) 

The mean value germination was obtained to ensure the biochar obtained from 

experiment would or not have an adverse effect on seedling red beet and cabbage 

further on greenhouse. Pots were set up in December 13 /2010 in greenhouse 

Seven seeds for the two trials per pot were inserted   into two cm depth to the reason 

to ensure the germination of at least one. The number of germinated seeds, out of the 

seven seeds of the two trials was counted 6, 9 and 12 days after crop emergence on 

potting medium in trials. Successfully emerged seedling of red beet and cabbage test 

was performed  directly in the soil were calculated as a percentage of the  seven  seeds 

applied to the surface of each  pot  base on  (Downie, 2007).  

The germination rate was given in a percentage of the final count days. 

 

NGS =number of germinated seed, NSS= number of sown seed 

Equation 4:   calculation for germination rate   of seed 

 

During this time pot were regularly watered and the number of seeds that were 

developing in each pot was scored. After emergence of seeds that the germination was 

completed five plants were thinned to per pot once the first true leaves appeared 
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This is aproximately three weeks after planting out of seven per pot was tilled in order   

reduce computation for nutrient to maximize the yield of the redbeet and cabbage 

crops per pot . 

Whatever, necessarily crop management practices like, watering lighting and 

hardening was carried out for vegetable seedling production.Other common 

management practices like weeding were also applied whenever necessary in the all 

other growing seasons in the greenhouse. 

3.4.2Analysis of Soil Moister 

The waterwas constantly monitored by injecting the soil moisture sampler was 

insertion horizontally into the soil column of each pots by making hole above the base 

of the pots  in order to maintain the water content.  

 

Figure 3: Observation of the soil moisture crops 

 

The pots were manually re-watered with water every twice a day 

3.4.3Measurement of Growth Rate of Vegetable’s 

The growth data was recorded weekly for 3 weeks 3
th

, 6
th

 and 10
th

 after crops leaves 

were developed 50%.The leaf area and number of leafs was taking the fully expanded 

leaves. The Leaf length( L) in  (cm) was measured from intersection of the lamina and 

on the other hand the leaf width (W ) in (cm) was measured from the middle of wider 

part on collection of the dependent variables by the prediction using regression 

C 0% 

0% B 2% 

2% 

5% 

5% 

F 0.15% BF 2:0.15% 
BF 5:0.3% 
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estimation using biodiversity software. In this method one dependent and two non–

dependent (Multivariate) modeling regression models were tested.  

For each number of length and width from treatment  from  C(0) = 5 leave, F (0.15)=  

6 leaves   BF= (2:0.15)  9 leaves  B(2) = 8 leaves B(5)  10= leave and   BF (5:0.3)  

=10  leaves . 

The   area from width (w) and length ( L) fitted on  Microsoft  excel 2010.Then the 

variable value  was imported  to biodiversity software. The value of the coefficients 

were calculated by (multivariate) regression analysis Y
0
  intercept, SE (Standard  

Err),R
2  

values are p <  0.001significant at   values of   red beet (Yeshitila et al.,2016). 

 

Figure 4:  Collection of growth data crops 

3.4.4 Harvesting and Measuring of Biomass 

 Biomass was measured by harvesting manually as root beet and cabbage was grew 

higher experiment ended after 120 days after planting. Moreover, biomass below and 

above soil surface from each pot were removed and washed clean to ensure that roots 

were free from soil. The sub-samples of biomass (above and below ground) were 

taken to the laboratory and dried at 65
o
C for 72 h to constant weight, and their dry 

weight measured .The relative increase in yield % (RI) was calculated for the treated 

soil yield compared with control.  
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3.5 Soil Analysis after and before experiment 

 

The soil samples were collected from each treatment after the vegetation harvested 

and ground to pass a 2 mm sieve after air-drying. Moreover, it was placed in plastic 

bags which are air tight to the laboratory for further analysis.  

The sub sample of soil were prepared from each treatments and  initial soil (untreated 

soil) was tasted for the following physicochemical properties :soil texture, pH, 

electrical conductivity (EC),  organic carbon (OC), total nitrogen (TN)  cation 

exchange (CEC) and exchangeable bases. The pH and EC of soil-biochar mixture was 

measured in soil-water suspension at 1:2.5 (w/v) ratios  after shaking 2hour with 

values of EC was given in mill semen per centimeter (m S cm
-1

)  (Rehrah et al., 

2016).  

The texture  of the soil was determined by  hydrometer method  using  30%  hydrogen 

peroxide (H2O2) along with water heating on  hot plate at  90 
o
C until   CO2 is 

evolved, by removing  foam with  amyl acalcohol finally taking hydrometer reading 

dispersing reagent except the soil sample with sodium hexametaphosphate (NaPO3)6 

(Carvalho et al., 2016 ). 

The  available phosphorus (AP) was done by Olsen extraction method  extracting soil 

sample by sodium bicarbonate  pH = 8.5 shake for 30 minutes on a mechanical shaker 

at 175 RPM  and filter through a What man filter paper 42.  

Then was treated with Ammonium molybdate (NH4) 6Mo7 O24.4H2 O), Potassium 

antimony tartrate (KSbOC4H4O6), and ascorbic acid as mixed reagent was resulted 

on blue color to develop. 

The standard phosphate (KH2PO4) was used determine calorimetric method and 

samples were tested in a spectrophotometer at wave length of 882 nm after 
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calibration. The amount of light absorbed was used to indicate concentration of P in 

soil samples.  

The Walkley and Black, (1934) wet  digestion method was used to determine OC 

content of  soil  with K2Cr2O7  and  H2SO4  finally orthophosphoric acid (H3 PO4) and 

diphenylamine  was  used  as indicator  just before titration, then  it was  back titrated 

against  standardized  Ferrous sulphate solution (FeSO4.7H 2O ), until to give sharper 

end point of green including to the blank and percent OM was obtained by 

multiplying percent soil OC by a factor of 1.724. 

The Total nitrogen (TN) was analyzed using the Kjeldahl method by oxidizing the 

organic matter in the presence of catalyst mixture of selenium treated with 

conc.H2SO4 to digest quantitatively to the macro-Kjeldahl. The CEC were determined 

by ammonium acetate extract method after washing with ethanol to remove excess 

ammonium acetate, adsorbed NH4
+
 was displaced by Na

+
 ions. Base cations Calcium 

(Ca
2+

) and Magnesium (Mg
2+

) were determined by EDTA titration method and their 

concentration in the leachate were determined by atomic absorption spectrometer. The 

flame photometry was used to determine Potassium (K
+
) and Sodium (Na

+
) by 

ammonium acetate extract method after leaching each sample with ammonium 

acetate. 

3.6 Statistical Analysis 

The data obtained from the soil samples were analyzed with one-way analysis of 

variance (ANOVA) using SPSS version 20.0 software to detect whether there was 

significance  effect on soil added different rates biochar on  yield .In all the analyses, 

confidence level was held at 95% using Turkey HSD post Hoc multiple comparisons 

at the p < 0.05 significant levels in SPSS. In addition biodiversity software was used 

for modeling of leaves area of crops and   origin 8   for analysis graphs. 



 

32 

 

Chapter Four 

4. Results and Discussion 

4.1 Elemental composition of Biochar 

The elemental composition of biochar is presented Figure 5. The content of carbon 

58. 59±0.2 %, hydrogen 3.47 % and oxygen 9.91% were accounted in the biochar. 

Similar study done by (Rehrah et al. (2016)carbon is dominated  in the biochar which 

is advantageous in relationships to increase the amount of carbon storage and could be 

used as for soil reclamation. 

Thus  from this study  biochar produced at similar temperature  55.42±2.6 %  of  

carbon  was  obtained and  hydrogen and  nitrogen  were not observed . 

 

 

Figure 5: Elemental analysis of   biochar 

TheOandHcontentweredecreased,leavingbehindasbiocharbecomemoreordered.Thus  

the losses of hydrogen and oxygen bonds and largely by formation of carbon fraction 
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accompanied with the loss of CO2 and H2O during pyrolysis of biochar(Rehrah et al., 

2016). 

Beside the changes in carbon, oxygen and hydrogen other essential nutrients 

aluminum(Al),silicon(Si),calcium(Ca),molybdenum(Mo),magnesium(Mg)and sodium 

(Na) were  observed  at  the surface of biochar  as shown in Figure 5. 

The O: C and H: C of   biocharwaspresented Figure 5 showed that the ratio of O: C 

0.17 andH:C were 0.06±0.01. According  to  Al-wabel et al( 2013)threshold values  of 

the  ratio  of   O : C < 0.4  and H:C < 0.6  serves as tool to assess  biochar stability in 

the soil resistant to microbial decomposition safeguarding their long life 

time.Therefore, low value of O: C and H: C ratio indicates that higher aromaticity of 

biochar stability attributable from residual organic mattesoil (Hoet al., 2023). 

Thisconsequently, better resistant to microbial decomposition confirming their long 

life time in soil(Al-wabel et al., 2013).The atomic ratios of H/C and O/C are typically 

correlated withthe degree of aromaticity and polarity of biochar(Sun et al., 

2014).Similar report  was done  by  Rehrah et al(2016)the ratio of  O: C  0.72  were 

observed from biochar at  similar temperature  and  nitrogen  was  not detected . 

The C: N ratio could not be calculated due to non-detectable nitrogen may be due to 

extensive loss of nitrogenous and sulfur gases during pyrolysis conditions  at  higher 

temperature  > 500
o
C(Mitchell et al. ,2013).On the other hand the contents of Si 

(1.73%) from EDXstrongly related to the ash content by formation of the Si–C bonds, 

thereby increasing of aromatic components an recalcitrance of the biochar(Jindo et al., 

2014) 
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Table 2: Elemental composition   of biochar (%) 

 

Elemental composition(%) Atomic  ratio 

C  O H N S Ash  O:C   H:C 

58.53±0.1

6 

9.99 3.477 n/d n/d 28 0.17 0.06±.001 

Oxygen by difference  N  and S n/d not detected   

 

4.2 Surface Characters and Morphology  

The SEM image provides information about pore structural in biochar that inner 

steam umbrella of   obtained has pores range from 10-50 µ  but the structure were 

plane of sheet in the Figure 6. 

 
A: SEM image of biochar at 500×                            B: SEM image of biochar 1000 × 

 

 
C: SEM image of biochar at 12500×                             

 

Figure 6: SEM image of biochar produced at 500
o
C 

 

The white color on surface biochar was occurrence of residual ash content observation 

from SEM image as shown Figure 6.This may indicate the ash contents of biochar. 

The structure of biochar was not pores but roughly plane sheet, which can play an 

important role in facilitating, movement of roots through the soil. This serve as 
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habitats for a variety of microorganism, and help in the storage for water (Suman 

etal., 2017). 

Figure 7 show that energy dispersion X-ray spectroscopy results Biochar has 92.87 % 

of carbon and oxygen which dominated the surface of biochar.  

 

Figure 7: Energy-dispersive X-ray spectroscopy (EDX) results of biochar 

 

Thus  the presence of  more  carbon and oxygen bonds was used  in  reclamation of 

acidic soil due to the  fact that paper is composed of cellulose, hemicelluloses and 

lignin which turns enhances the physical and chemical nature of the biochar(Rehrah et 

al., 2014).Beside carbon and oxygen other minerals like aluminum (1.75%), silicon 

(1.73%), calcium (1.64 %), molybdenum (0.83) and sodium (0.81%) and magnesium 

(0.37 %) were less dominated at the surface of biochar(Table 3).  

 

  



 

36 

 

Table 3: Surface elemental analysis (EDX) of   biochar 

 

Elements 

 

Biochar (w t %) 

C 64.97 

O 27.9 

Mg 0.37 

Al 1.75 

Si 1.73 

Na 0.81 

Ca 1.64 

Mo 0.83 

 

Therefore, the presence of Si, Na, and Ca in the surface of biochar in the form of 

silicates, bicarbonates and carbonates combined with H
+
, controlling of pH of soil 

(Rehrah et al.,2016). 

4.3Assessment of the Effect of Biochar on Plant Growth 

 

4.3.1 Effect ofBiochar on Rate of Germination 

 

A significantly red beet germination rate difference (at p < 0.05) was observed 

between treatments (86.00 %) and control (47.7±4.6%) on red beet. The difference in 

red beet germination rate was due to the addition of boichar. But there was no 

significance difference germination rate (at p=0.38 on the treatments of low dose of 

biocharwith fertilizer and lower dose of biochar treatments on red beet in the (Figure 

8). 



 

37 

 

 

Figure 8: Mean germination rate of red beet 

 

Similar report  was done  by Alburquerque et al(2013) the effects on wheat seed 

germination in soil  biochar mixtures were not statistically significant for olive tree 

pruning biochar and decreased at the highestapplication rate of wheat straw biochar 

(66 % compared to 72–82 % for the rest of treatments  P<0.05). 

Similar report  was done by Sun et al., (2014)biochar together with fertilizer in  

treatment performed the highest germination rate.The mean germination all values 

represent means ± SE (n=3) significant differences between treatments at the one-way 

ANOVA results of P < 0.05was found in the study are shown in Figure 9. 

A significantly cabbage germination rate difference (at p < 0.05) was observed 

between treatments (81.±5%) and control (29 %) on cabbage. The difference in 

cabbage germination rate was due to the addition of boichar. But there was no 

significance difference germination rate (at p=1) on the treatments of low dose of 
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biochar with fertilizer and lower dose of biochar treatments on cabbage in the (Figure 

9) 

 

Figure 9: Mean germination rate of cabbage 

 

All biochar treatment average germination rate were higher than that of the control 

soil due to biochar used as soil amendment to improve soil quality used as 

neutralizing capacity (Sun etal.,2014). 

4.3.2 Analysis of Soil Moister 

The results from this study showed that treatment with higher rate of biochar have 

high soil moisture content 32% comparing to control soil 14%. Therefore, higher 

additions of biochar have positive influence in the soil moisture.  

This could be soil organic matter higher with higher addition of biochar, water 

holding capacity increase as the result associated higher levels of soil organic matter  

(Sohi et al., 2009).  
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The increasing soil moisture at higher rate of biochar may be increasing in porosity, 

increases in water holding capacity of the soil due to the fact that al composed of 

legioncellolletic materialsmainlydiffered in their contents of lignin, cellulose, and 

hemicellulose (Rehrah etal., 2014). 

4.3.3 Effect of Biochar on Measurements of Vegetable’sHeight 

A significantly red beet height difference (at p < 0.05) was observed between 

treatments (46cm) and control (12cm) on red beet. The difference in red beet height 

wasdue to the addition of boichar. But there was no significance difference height (at 

p=0.139) on the treatments ofbiochar with fertilizer andbiochar of highest treatments 

of red beet in the (Figure 10)in the 4
th 

week.  

Therefore,biochar has the greatest ability enhance plant height, and nutrient content 

when combined with fertilizer reduces exchangeable acidity, increased soil pH, and 

inherently contains significant amounts of plant nutrients Mg
2+ 

due to  the  ash content 

of biochar(Mimmo et al.,2014). 

 

Figure 10 : Effects of biochar on height of red beet (cm) 
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Plant height of maize plants was significantly affected by interactiveeffect of nitrogen 

levels and biochar rates(Sarfraz et al., 2017).  

 Conduct  by  Sarfraz et al  ( 2017) maize heightranged from 44.91 ± 1.32 to 181 ± 

3.98 cm   height   receiving biochar at the rateof 1% (w/w) and nitrogen at the rate of 

50% (of the recommended  dose). 

While plants having181 ± 3.98 and 177.9 ± 4.11 cmheight biochar at the rate of 2% 

(w/w) with nitrogen applicationof 100% (of the recommended dose), respectively. 

Therefore, the application of biochar generally shows increases trend’s crop height 

growing season due to improved fertilizer referring to crops giving rise to higher 

growth rate Figure10.  

The height of cabbage was found in the study are shown in Figure 11. As in  the 

figure indicated the height were found in the range of 12 to 48 cm cabbage. The 

highest height were recorded in the highest treatments of biochar nested on fertilizer 

in red beet and the lowest was observed in the control soil (without biochar and 

fertilizer) the weeks.The height of the cabbage significantly increased with increasing 

of biochar with fertilizer application ( p < 0.05).The height between treatments were 

not found significantly in all, treatment (p < 0.05). However, there were no significant 

variation in the germination rate in the treatments between F (0.15) with BF(2), P=0.5  

height  of the cabbage  4
th 

 week.  
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Figure 11: Effects of biochar on height of cabbage (cm) 

 

The presence of Mg
2+ 

in biochar couldenhanced phosphorous help to the crop   

elongation of root (Mimmoet al.,2013).  

4.3.4 Effect of Biochar Leave Area. 

The result from linear modeling in the study of leaf area shown in (Table 5) 

As indicated in the table 5 leaf area increase with increases of amendments 

significantly increase at P<0.001.The leave area of red beet based on (Yeshitila et al., 

2016)  increased from length and width increase significant increase, Y
0
 intercept SE:  

Standard   Error R
2   at P<0.001 by increasing the rate  of  biochar. 
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Table 4:Modeling   equation of leaf area A= y0 + (a x L) + (b x W) for    red beet   source 

(Yeshitila et al.,  2016)   at  6
th 

week  data 

Treatment a+ SE b+SE Y
0 
+SE R

2
 

C (0) 1.69+0.14 1.83+0.14 0.61+0.12 0.69 

F  (0.15) 1.05+0.43 1.48+0.7 9.22+0.07 0.77 

B( 2) 0.98+0.38 1.36+0.91 9.299+0.07 0.73 

B ( 2:0.15) 1.45+0.24 1.69+0.07 7.17+1.39 0.94 

B ( 5) 2.8+0.38 3.18+0.47 2.87+1.16 0.95 

BF  5:0.3) 3.53+0.2 3.73+0.097 8.47+0.69 0.98 

LA: leaf area, L(a): leaf length, W( b): leaf width, Y
0
   :  intercept   SE:  Standard   Error   R

2   

values are significant     . 

The results from this study showed that the produced   models could be used for 

predicting growth of red beet regression coefficients varied from 0.69 to 0.98 The   

leave area   were recorded in  the highest treatments of biochar nested on fertilizer in 

red beet and the lowest was observed in the control soil (without biochar and 

fertilizer) the   weeks. 

The results from the present study showed that the produced models could be used for 

predicting growth habits of fodder beet. regression coefficients of the new produced 

equations for growth parameters varied from 0.83 to 0.99 for fodder beet   (Crops, 

2007). Moreover, in choosing most suitable growing areas of fodder beet, these 

models can be evaluated for producing the overall growth models of fodder beet 

(Crops, 2007). 

4.4. Effect of Biochar on Yield of Crops 

4.4.1. Effect of Biochar on Biomass 

A significantly cabbage shoot weight difference (at p < 0.05) was observed between 

treatments (265.91.6 g) control (94.2 ±3.34 g) on cabbage. The difference cabbage 

shoot weight was due to the addition of boichar. But there was no significance 

difference height (at p=0.12) on the treatments of fertilizer control soil (Figure 12). 
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Figure 12: Shoot and rootmass of red beet and cabbage (g) 

Similar report was done by Sarfraz et al  (2017) the fresh biomass of maize plant was 

significantly affected by interactive effect of nitrogen levels and biochar rates that 

maximum mean maize shoot biomass (375.33 ± 3.54 g) was recorded with application 

rate of biochar 1% (w/w) and fertilizer 50% (recommended dose).  

While minimum mean maize shoot fresh weight (90.33 ± 1.54 g) was recorded in 

control with no application of fertilizer and biochar. 

A significantly shoot weight difference (at p < 0.05) was observed between control 

(1.5±0.2 g) andtreatments (17±0.2 g) on red beet .The difference in shoot weight was 

due to the addition of boichar. But there was no significance difference in weight (at 

p=0.5 on the treatments of fertilizer and control on shoot weight of redbeet.  

A significantly root weight difference (at p<0.05) was observed between 

treatments(13.1 ± 0.3 g) and control (7.02±0.7 g) oncabbage.The difference in root 

weight was due to the addition of boichar. But there were was no significance 
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difference in root weight (at p=0.5 on the treatments of fertilizer and control root 

weight of cabbage 

A significantly root weight difference (at p < 0.05) was observed between treatments 

32 g   and control 14.5±1.2 g) on red beet. The difference in root weight was due to 

the addition of boichar. But there was no significance difference in weight (at p=0.15 

on the treatments of fertilizer and control root weight of red beet. 

A significantly biomass difference (at p < 0.05) was observed between control 

(101.19±4.04 g) and treatments (278.97±1.163g) on cabbage. The difference in 

biomass was due to the addition of boichar. But there was no significance difference 

in biomass (p= 0.12) on the treatments of controland on fertilizer treatment  biomass 

of cabbage shown (Table 5). 

The biomass all values represent means ± SE (n=3) significant differences between 

treatments at the one-way ANOVA results of P <0.05 cabbage comparing to controlin 

the(Table5). 

 

Table 5: Biomass of red beet and cabbage (g) 

 

Item Biomass of cabbage Biomass of red beet 

BF (5:0.3) 278.9±1.6 50.4±0.7 

BF (2:0.15) 159.5±3.4 47.80±0.9 

B (5) 232.1±3.8 34.15±0.87 

B (2) 129.9±1.7 25.37±2.01 

F (0.15) 112.4±1.8 19.42±1.2 

C(0) 101.2±2.6 18.31±1.6 

All values represent means ± SE (n=3) significant differences between treatments at 

the one-way ANOVA results of P <0.05 red beet and cabbage comparing to control 
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The biomass of red beet ranges from 18.26±0.42 to 50.36±0.7g on biocharapplication 

higher biochar with fertilizer significantly (P < 0.05) comparing to control (Table 

5).The biomasses between treatments were not found significantly in all, treatment (p 

< 0.05).However, there were no significant variation in the biomass in the treatments 

between F ( at   P= 0.15) and C(at  P=0.23)  biomass  of  red beet . 

4.4.2 Effect of Biochar on dry weight (DW) 

A significantly dry weight difference (at p < 0.05) was observed between treatments 

(7.16±.032 g) and control (1.32±0.09 g) on red beet. The difference in dry weight was  

due to the addition of boichar. But there was no significance difference in dry weight 

(at p=0.17 on the treatments of fertilizer and control of red beet in the (Figure 13). 

 Similar  report   done byMimmo et al (2014)radish crop was  grown in the absence of 

nitrogen fertilizer  and  application of biochar made from green waste  dry weight  

(DW) production of radish even at the highest rate  (100 t/ha) comparing to control . 

These represented application 0, 50 and 100 t /ha   in the pot experiment on crop yield 

response to biochar on the dry matter. This conduct showed that dry weight 

production when nitrogen fertilizer used together with biochar increased from 95 to 

266% variation in yield of radish comparing from control soil to highest rate of 100 t 

/ha of biochar that was carried out in a pot trail a significant increase. 
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Figure 13: dray weight   amended soil compared with control at   red beet (g) 

 

On the other hand a significantly dry weight difference (at p < 0.05) was observed 

between treatments (5.37±0.15 g) and control (0.94±0.03g) on cabbage. The 

difference in dry weight was due to the addition of boichar. But there was no 

significance difference in dry weight (at p=0.48) on the treatments of fertilizer and 

control ofcabbage in the (Figure 14). 
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Figure 14: dray weight   amended soil compared with control at cabbage (g) 

 

In this study it could be conforming that the study was carried out in a pot trail that 

the cabbage of yield increased 106.75% deviation in the yield from control soil due to 

biochar to nitrogen fertilizer application. While the magnitude of yield increased 

81.6% in the red beet comparing controlssoil to highest rate of biochar.  

The dry weigh are expressed as relative yield increase of a treatment as a proportion 

of dry matter of the control soil without biochar.  

A significantly relative increase of yield difference (at p < 0.05) was observed 

between treatments (82.5±0.35 %) and control (45.9 %) on red beet. The difference in   

relative increase of yield was due to the addition of boichar. But there was no 

significance difference in relative increase at p=0.45 on the treatments of fertilizer and 

lower dose of boichar on   red beet in the (Figure 15). 
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Figure 15: Relative yield increase   in red beet comparing to control 

 

Similar study byAlburquerque et al  (2013)biochar with mineral fertilization 

interaction was observed for wheat grain  production were obtained by combining 

both the highest biochar and mineral fertilization application rates (P<0.001). 

These represented an increase of 407 and 328 % with respect to the control soil and 

33 and 22 % with respect to the control soil plus the highest mineral fertilization for 

the olive tree pruning biochar and the wheat straw biochar, respectively. 
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Figure 16: relative increase amended soil compared with control at cabbage. 

 

 

On the other hand a significantly relative increase in yield difference (at p < 0.05) was 

observed between treatments (81.5±0.14 %) comparing to control on cabbage. The 

difference in dry weight was due to the addition of boichar. But there was no 

significance difference in dry weight (at p=0.17) on the treatments of fertilizer and 

control of cabbage in the (Figure 16). 

4.5 Effects of Biochar on Soil Physicochemical Properties after 

Harvest 

 

The soil had a loamy sand texture (30% sand, 38 % silt, and 32 % clay), pH (1:2.5 

soil/water ratio) of 4.98 and electrical conductivity (1:2.5 soil/water ratio) of 0.12 

mScm
-1 

, 0.77 %  total organic carbon, 0.16 %  total nitrogen,3.28mg kg
-1 

 Olsen-P, 

and   23.91 cmol(+) kg
-1

cation  exchange capacity,0.17,0.19,16.25 and 6.40 Na
+
, 

K 
+
,Ca

2+
 and  Mg

2+
 respectively . 
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Table 6: physicochemical properties of thebiochar sample before treatment 

 

Items  
 
 
Biochar 

pH   9.40 

EC(mscm
_1

)  0.85 

OC (%)  6.39 

OM (%)  11.03 

N (%)  0.56 

C/N   19.69 

P mg /kg  soil    10.73 

CEC  15.76 

Na
+
  0.89 

K 
+
  0.86 

Ca
2+

  5.25 

Mg
2+

  12.80 

4.5.1. Effect of Biochar on Soil pH  

The soil before the experiment was pH= 4.98 acidic and biochar pH = 9.4 basic. A 

significantly pH difference (at p < 0.05) was observed between treatments (7.97±0.02) 

and control (4.74±0.12) on red beet. The difference pH was due to the addition of 

boichar. But there was no significance difference in pH(at p=0.23) on the treatments 

of low dose biochar with fertilizer and lower dose of boichar on red beet in the 

(Figure 17). 

 
 

Figure 17: pH in red beet comparing to control 
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Similar report  was done  by Alburquerque et al  (2013) the application of the wheat 

cropbiochar significantly increased soil pH from 6.5 in the control soil to 8.2 and 7.6 

in the soil treated with the highest biochar application rate for olive tree biochar and 

wheat straw biochar, respectively (P< 0.001). 

These signified that increasing of soil  pH due  to the presence  of  exchangeable base 

from silicates, carbonates and bicarbonates in biochar can combine with H
+ 

,controlling the soil pH (Qian et al., 2015).   

Then again, a significantly pH difference (at p < 0.05) was observed between 

treatments (7.83±0.01) and control (4.83±0.08) on cabbage. The difference in pH was 

due to the addition of boichar. But there was no significance difference in pH (at 

p=0.266) on the treatments of higher dose biochar with fertilizer and lower dose of 

boichar on cabbage in the (Figure 18). 

 

 

 
 

Figure 18: pH in red beet comparing to control 
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The pH all values represent means ± SE (n=3) significant differences between 

treatments at the one-way ANOVA results of   P < 0.05 at red beet and cabbage.   

The  reason for increase of pH might be the  increase of hydroxyl (OH
--
) ions due to 

biochar contains carbonate and soluble base allows hydrolization of carbonate 

produced OH
- 
which helps to  neutralization   of  acidic soil having larger  portion  of 

Al
3+ 

,Fe
3+ 

and H
+
, that occupies cation exchange sites, which  lower  nutrient 

availability (Rehrah et al., 2014).  

4.5.2. Effect of Biochar on Soil  EC 

Electrical conductivity (EC) is the appearance of the natural capacity of soil a means 

to carry stimulating current, total dissolved salt relate closely to soil properties used to 

determine the productivity.  

A significantly EC difference (at p < 0.05) was observed between treatments 

(0.34±0.06 mScm
-1

) and control (0.11±0.003mScm
-1

) on red beet. The difference EC 

was due to the addition of boichar. But there was no significance difference in EC (at 

p=0.127) on the treatments of low dose biocharand   higher dose of boichar on red 

beet in the (Figure 19). 
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Figure 19: EC in red beet comparing to control (mScm
-1

) 

 

Study by Alburquerque et al (2013)boichar addition also increased the electrical 

conductivity 50 μScm
-1

  from control soil to 104 and 70 μScm
-1

in the soil treated with 

the highest biochar application rate for olive tree biochar and wheat straw biochar, 

respectively (P< 0.001). 

The high-lignin feed stocks cardboard  woody biomass increasing rate of biochar 

would obtained on high EC likely due to the extent of carbonization as reported by 

(Qian et al., 2015).   

A significantly EC difference (at p < 0.05) was observed between treatments 

(0.28±.015 mScm
-1

) and control (0.11±0.003mScm
-1

) on cabbage. The difference EC 

was due to the addition of boichar. But there was no significance difference in EC (at 

p= 0.839) on the treatments of low dose biocharand higher dose of boichar on   

cabbage in the (Figure 20).   
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Figure 20: ECon  cabbage comparing to control (mScm
-1

) 

 

The variability of soil EC was observed among treatment of the effects of biochar 

application from the presence of high amount of carbon which is generally dominated 

by  C-organic in biochar(Qian et al., 2015).   
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4.5.3Effect of Biochar on Exchangeable base 

 

There were showed tendency to increase with increasing biochar application has 

significantly (p <  0.05)  compared  to the control  affected  in all exchangeable base 

Mg 
2+

,Ca
2+  

K 
+
and Na

+
  in all treatments  of the soil  in the ( Table 7)on the yield of 

cabbage. 

Comparable study by Sarfraz et al (2017) maximum soil extractable K concentration 

(165 ± 3.79 mgkg
_1

) was recorded with biochar application rate of 2% (w/w)in soil 

while minimum extractable K concentration (114 ±4.01 mg kg
_1

) was recorded in soil 

where no biochar was applied.  

There had been an increase of 27.67% (at the rate of biochar 2% and without nitrogen 

fertilizer in soil extractable K concentrationover the control at maize crop. 

Table 7: Exchangeable base of amendment soil compared with control on cabbage (cmol(+) 

kg/soil 

Treatment  
Exchangeable base 

 Mg 
2+ 

   Ca
2+ 

 K 
+
 Na 

+
 

BF (5:0.3) 5.7±0.15 7.8±0.6 0.86±0.20 0.48±0.01 

BF(2:0.15) 5.4±0.11 5.2±0.1 0.70±0.13 0.44 

B(5) 5.3±0.07 7.7±0.10 0.69±0.01 0.42 

B(2)        4.8±0.05 6.5±0.15 0.56±0.07 0.37±0.12 

F (0.15) 4.4± 0.04 6.5±0.80 0.47±0.17 0.30 

C(0) 3.3±0.9 5.4±1.6 0.36±0.1 0.25 

 

Ca
2+

 Calcium, Mg 
2+ 

Magnesium K 
+
 potassium Na 

+ 
Sodium all values represent 

means ± SE (n=3) significant differences. 
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Overall, in this study addition of biochar to the soil increased the concentration of 

basic cation (Ca
2+ 

> Mg 
2+

>K
+
>Na 

+
) in all treatment compared to the soil control 

.This could be link with pH of biochar and basic cation like (Mg
2+

) as  biochar  

application rate  increased  the  more become in ash content  as increase in cation with  

increase of  pH (Rehrah et al., 2016). 

Biochar affected plant nutrient uptake by in-creasing  Mg (olive tree pruning biochar)   

or K, Ca, and Mg (wheat straw biochar)  P< 0.001)(Alburquerque et al., 2013). 

Table 8 showed tendency to increase with increasing biochar application has 

significantly ( p  <  0.005) compared  to the control  affected  in all exchangeable base 

(K
+
, Na

+
,Ca

2+ 
,Mg

2+
andNa

+
  in all treatments comparing  to  soil  on the yield of  red 

beet. 

The  rate of biochar increased there by  increased  in  soil  pH, consequences  in  

therelease of some  basic cation  where  concentrated  due to the gradual loss of C, H 

and O during production of biochar(Rehrah et al.2014). 

Table 8: Exchangeable base of amendment soil compared with control in red beet 

 

Treatment 
Exchangeable base 

Mg 
2+

 Ca
2+

 K 
+
 Na 

+
 

BF (5:0.3) 5.2±0.26 4.20±0.28 0.72±0.02 0.48 

BF(2:0.15) 4.5±.04 3.4±0.32 0.60±0.03 0.35±0.02 

B(5) 4.7±0.12 3.3±0.32 0.66±0.01 0.42 

B(2) 4.2±0.05 2.5±0.29 0.58 0.34±0.02 

F (0.15) 3. 2±0.06 2.3±0.25 0.47±0.03 0.32 

C(0) 2.3±0.48 5.1±0.03 0.12 0.14 

 

Ca
2+

 Calcium, Mg 
2+ 

Magnesium K 
+
 potassium Na 

+ 
Sodiumall values represent 

means ± SE (n=3) significant differences. 

Thu the increasing of biochar favored the relative accumulation of basic cation Ca
2+

, 

Mg
2+

 ,K 
+
,Na 

+
(Rehrahetal.,2014). 
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4.5.4Effect of Biochar on Cation Exchange Capacity 

The cationexchange capacity (CEC) before the experiment was CEC of soil (23.91 

cmolc kg
-1

) and biochar EC (15.76 cmolc kg
-1

). 

A significantly CEC difference (at p < 0.05) was observed between treatments 

(48.42±0.07 cmolc kg
-1

) and control (17.81±0.04 cmolc kg
-1

) on cabbage. The 

difference EC was due to the addition of boichar. But there was no significance 

difference in EC (at p =0.069) on the treatments of low dose biocharand higher dose 

of boichar on cabbage in the (Figure 21).   

 

 

Figure 21:  CEC   on   cabbage comparing to control (cmolc kg
-1

) 

 

Similar study  by Sarfraz et al  (2017) the CEC ofsoil was increased by increasing the 

rate of biochar applicationin the soil. Maximum CEC (26.2 ± 1.05 cmolc kg
-1

) 

wasrecorded where 2% (w/w) rate of biochar was applied in thesoil and minimum 

CEC (13.7 ± 1.76 cmolckg
-1

) was recordedwhen no biochar was added to the soil. 
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There had been52.53% increase in soil CEC in biochar application at the rateof 2% 

over the control. 

Study  by  Qian etal (2015) CEC increases with increasing  of pH  on the other hand  

in such lower treatments CEC was shows  negative  influence   on  CEC at the due to 

lowpH. 

A significantly CEC difference (at p < 0.05) was observed between treatments 

(36.4±4.32 cmolc kg
-1

) and control (15.3±0.06cmolc kg
-1

) on red beet. The difference 

EC was due to the addition of boichar. But there was no significance difference in 

EC(atp =0.201)on the treatments of fertilizer and control on red beet in the (Figure 

22).   

 

 

 

Figure 22: CEC of amended soil compared with control on red beet 

 
 

Study by Sarfraz et al (2017)biochar is applied to soil, the basic cations  from the 

biochar discharged into the soil, replacing Al
3+

 and H
+
 and enhancing the CEC of soil.  
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4.5.5. Effect of Biochar on Soil Organic Carbon Content 

  

A significantly OC difference (at p < 0.05) was observed between treatments (1.98 %) 

and control (0.74%) on cabbage. The difference OC was due to the addition of 

boichar. But there was no significance difference in OC (at p =0.06) on the treatments 

of low dose biocharwith fertilizer and higher dose of boichar on cabbage in the (Table 

9).   

Table 9: P, OC, and TN of amendment soil compared with control cabbage 

 

Items  P ( mg /kg  

soil  

OC (%) TN (%) C:N  OM (%) 

   BF(5:0.3) 8.5±0.01 1.8 0 .25± 0.006  7.5±0.34     3.22±0.3 

   BF(2:0.15) 6.3±0.2  1.6±0.02    0.23±0 .006  7.1±0.5  2.8±0.15 

   B(2) 7.7±0.01 1.98  0.18±0.007  11±0.32  3.4±0.03 

  B(5) 5.5±0.2 1.6±0.02  0.18±0.009  9.1±0.29  2.82±0.63 

   F(0.15 5.5±0.3 1.5±0.03  0.21±0.001  7.2±0.16  2.6±0.006 

   C(0) 2.1±0.1 0.74  0.15±0.006   4.9±0.07  1.27 

 

Comparable study by Sarfraz et al (2017)total organic carbon contents were 

significantly increased by increasing therate of biochar application in the soil as 

maximum mean value of  organic carbon  (0.92 ± 0.003%) and minimum mean value 

of   organic  (0.43 ± 0.002%)was observed in treatment with application of biochar at 

the rate of 2% (w/w) in soil with 100% recommended dose of nitrogen fertilizer. 

The increase rate  of  biochar  in the soil which increase of oxidized functional groups 

on surface of biochar  (such as carboxyl  and  hydroxyl group) provides  basis for the 

increased CEC of biochar on biochar surface  from  soil (Sarfraz et al., 2017).  

The  soil  organic carbon increased   in some cases all  biochar  is not completely inert 

in soil and can be oxidized, especially at the  surface due to  chemical and microbial 

activity  results  on  functional groups (such as carboxyl and hydroxyl group (Sarfraz 

etal., 2017). 
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A significantly OC difference (at p < 0.05) was observed between treatments 

(2.2±0.13%) and control (0.74±0.002%) on cabbage. The difference OC was due to 

the addition of boichar. But there was no significance difference in OC (at p =0.19) on 

the treatments of highest dose biochar with fertilizer and higher dose of boichar on red 

bet in the (Table 9).   

The important property for determining soil organic carbon retention in soil which 

was significantly enhanced by increasing amount of biochar applied in soil (Rehrah et 

al., 2014).This may perhaps that accompanied by high oxygen and carbon ratios 

(O:C) on the surface of charred materials as a result of the microbial degradation  

activities, further influenced by the high surface area and high charge density (Rehrah 

et al., 2014).  

4.5.6. Effect of Biochar on Soil Phosphorous Content. 

A significantly P difference (at p < 0.05) was observed between treatments 

(8.5±0.01mg kg 
-1

) and control (2.10 mg kg 
-1

) on cabbage. The difference P was due 

to the addition of boichar. But there was no significance difference in P (at p =0.882) 

on the treatments of low dose biochar with fertilizer and  lower dose of boichar on 

cabbage in the (Table 10).   

Similar study bySarfraz et al(2017) soil available P indicates no clear interactive 

effect of biochar and nitrogen fertilizer on the soil available P. From this study 

maximum soilavailable P concentration (7.1 ± 0.14 mg kg 
-1

) was recordedwith 2% 

(w/w) application of biochar with no application of nitrogen fertilizer while minimum 

concentration (5.77%) was recorded when nobiochar was applied to the soil with 

100% recommended dose of   nitrogen fertilizer. 

Interestingly, biochar addition had positive effects on plant P nutrition, being this 

result corroborated by the increasedetected in the resin extractable phosphate 
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concentration after biochar amending  seems to represent a significant source of 

available P for crops(Alburquerque et al., 2013). 

The critical factor  for enhancement of  soil phosphorous was  biochar application  in 

the soil  could decreased chemisorptions’ of phosphorous on  iron oxide (Tang et 

al.,2013). 

Table 10: P, OC, and TN of amended soil compared with control on red beet 

 

Items  P ( mg /kg  soil OC %) TN (%) C:N  OM (%) 

 BF(5:0.3) 7.9±0.002 1.97±0.02 0.23±0.010 8.56±0.48 3.39±0.006 

BF (2:0.15)   7.05±0.02 1..55±0.01 0.21±0.02 7.38±0.48 0.003±0.00 

 B(5) 7.7±0.01  2.2±0.13 0.19±0.006 11.68±0.44 3.82±0.003 

 B(2)     6.09±0.06 1.55±0.002 0.18±0.01 8.6±0.36 2.67±0.003 

 F(0.15) 5.5±0.05 1.4±0.003 0.18±0.01 0. 9±0.45 2.48±0.02 

 C (0) 3.7±0.05 0.74±0.002 0.16±0.006 4.62±0.13 1.27±0.04 

 

Significant at P<0.05 OC = organic carbon; TN = total nitrogen; AVP= available 

phosphorous;   C/N / N   and   OM = organic matter at the one-way ANOVA at Red beet. 
 

A significantly P difference (at p < 0.05) was observed between treatments 

(7.9±0.002mg kg 
-1

) and control (3.7±0.05 mg kg 
-1

) on red beet. The difference P was 

due to the addition of boichar. But there was no significance difference in P (at p 

=0.86) on the treatments of low dose biochar with fertilizer and   lower dose of 

boichar on red beet in the (Table 10).   

Similar reporet  done by Alburquerque et al ( 2013)biochar affected plant nutrient 

uptake by in-creasing P (olive tree pruning biochar) andwheat straw biochar) P< 

0.001).The reason that  P concentration shows increasing  trend  under  different  rate  

of biochar application  presence of ash materials promote availability magnesium that 

play role on stronger retention of  phosphorous (Sohi  et al., 2009). 
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4 .5.7 Effect of   Biochar on Soil Nitrogen Content 
 

 

A significantly TN difference (at p < 0.05) was observed between treatments (0 .25± 

0.006%) and control (0.16±0.00%) on cabbage. The difference P was due to the 

addition of boichar. But there was no significance difference in P (at p =0.13) on the 

treatments of low dose biochar with fertilizer and lower dose of boichar on cabbage in 

the (Table 10).   

Soil N concentration was significantly affected by main and  interactive effect of 

nitrogen levels and biochar rates(Sarfraz et al., 2017). 

 Study by Sarfraz et al(2017  ) mmaximum soil N concentration was recorded where 

maximum rate of biochar and nitrogen fertilizer was added in to the soil, and 

minimum N concentration (0.049 ±0.002%) was recorded in control treatment. 

Application of biochar at the rate of 2% (w/w) insoil with full recommended dose of 

N showed an increase of44% soil N concentration with respect to control 

The nitrogen being one of the major nutrients taken by the plants comparatively in 

large quantity is generally deficient in most of the acidic soil could  be  increased by  

biochar application together with  fertilization might be due CEC of biochar  could  be 

potential to retain NH4 
+
in the soil plants used directly or indirectly used as of nitrogen 

( Sarfraz et al., 2017). 

A significantly TN difference (at p < 0.05) was observed between treatments 

(0.23±0.010 %) and control (0.16±0.006%) on cabbage. The difference P was due to 

the addition of boichar. But there was no significance difference in P (at p =0.12) on 

the treatments of low dose biochar with fertilizer and higher dose of boichar on 

cabbage in the (Table 10).   

The  ash  materials better reason for nitrogen  retention in the soil and ultimately 

improved N recovery  to amended  acidic soil (Sarfraz et al., 2017). In this study the 
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C: N where significance difference in each treatment p > 0.05 but in the case of 

control soil after harvesting C: N where not significant. 

Therefore C/N before cropping was 4.8 but after harvesting the lowest minimum 

values where C/N = 4.93 at the harvest of cabbage and C: N =0.461 at the harvest of 

red bee.Therefore, this value of C/N is below limits used for agricultural soil 
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Chapter Five 

5. Conclusion and Recommendations. 

5.1 Conclusion  

Biochar addition to soil was found to significantly improve  to soil properties  such as  

soil organic carbon, total nitrogen, available phosphorus, cation exchange capacity 

and exchangeable cations  which  increase yield  of vegetables growing in  pot 

experiment.  Therefore, application of biochar combined with optimum amounts of 

external inputs of nitrogen fertilizer were  increasing soil  properties like  CEC  were 

critical determinate   factor for the increasing of soil  carbon  36.4±4.324 cmol (+) kg, 

soil application of highest  amount  of biochar together with fertilizer with  comparing 

to control soil 17.81±0.060 cmol (+) kg soil  red beet. The findings from this study the 

dry weight 5.32±0.145g at cabbage was found due to highest application of biochar 

combined with fertilizer comparing to control soil 0.94±0.034g.. 

Commercial farms are being out of control of acidic soil problem in many parts of our 

country use an expensive option to reclaim the acidic soils. Hence, the study 

highlights the possibility of using biochar as more effective means of treating acidic 

`soils. Solid waste management were serious challenged problems in anywhere ,so  

the biochar making by the conversion of waste to biochar were successful to solve the  

reduced wastes throwing away from different directions of streams. The yield of crops 

better increased in the biocharcombined with fertilizer treatments in the yield of 

cabbage compare to control soil and red beet at the biochar treatment compare to 

control. 
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5.2 Recommendations 

 

 This study recommended that further research be carried out and resources 

developed on the practical aspects of handling biochar because biochar 

preparations have hazards with fire and dusts. 

  The further research be carried in incorporating it into various forms of 

management systems (city administration in paper waste management. 

 The government and non -government  bodies to  would modify different  biochar 

making stoves to the farmer levels  as well as the on-farm economics of biochar  

in addition  to soil management strategy like  energy production. 

 Governments should promote and support a research regarding use of biochar to 

determine soil acidity and (as cheap as possible).  

  Governments should promote and support budget and facilities for soil 

improvement through use  of  the investment costs are high in view of farmers. 

 This research were shorter  term  study  result better yield  in pot experiment  in 

the greenhouse additional long-term studies must be needed to determine  the long 

term effect of biochar in the field since biochar have long term stability in the 

environment more than other  amendments.  
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Appendices 
 

 

 

Appendix    1. 1   Analysis of variance (ANOVA) for   germination  of   Cabbage and red beet 

ANOVA 

Germination  rate  Sum of Squares df Mean Square F Sig. 

Red 

Between Groups 3157.611 5 631.522 15.898 .000 

Within Groups 476.667 12 39.722   

Total 3634.278 17    

Cabbage 

Between Groups 4552.667 5 910.533 10.934 .000 

Within Groups 999.333 12 83.278   

Total 5552.000 17    

 

Appendix 1. 2: Analysis of variance (ANOVA) for height of red beet  

 

ANOVA 

Week Sum of Squares Df Mean Square F Sig. 

4 

Between Groups 579.883 5 115.977 14.727 .000 

Within Groups 94.500 12 7.875   

Total 674.383 17    

8 

Between Groups 252.072 5 50.414 16.734 .000 

Within Groups 36.153 12 3.013   

Total 288.225 17    

10 

Between Groups 1099.958 5 219.992 46.702 .000 

Within Groups 56.527 12 4.711   

Total 1156.485 17    

 

 

 

 

 

 

 

 

 

 

  



 

 

Appendix1. 3:   Analysis of variance (ANOVA) for    of height of cabbage 

 

 

ANOVA 

Week Sum of Squares Df Mean Square F Sig. 

4 

Between Groups 374.009 5 74.802 1.920 .159 

Within Groups 506.440 13 38.957   

Total 880.449 18    

6 

Between Groups 134.806 5 26.961 .749 .601 

Within Groups 467.660 13 35.974   

Total 602.466 18    

10 

Between Groups 341.799 5 68.360 1.237 .347 

Within Groups 718.447 13 55.265   

Total 1060.245 18    

 

 

 

Appendix1. 4:   Analysis of variance (ANOVA) for shoot, root and biomass of red beet  
 

 Sum of 

Squares 

Df Mean 

Square 

F Sig. 

Shoot  

Between Groups 71989.825 5 14397.965 463.456 .000 

Within Groups 372.798 12 31.067   

Total 72362.623 17    

Root 

Between Groups 69.573 5 13.915 25.634 .000 

Within Groups 6.514 12 .543   

Total 76.086 17    

Biomas 

Between Groups 76356.455 5 15271.291 469.825 .000 

Within Groups 390.051 12 32.504   

Total 76746.506 17    

 

 

 

 

 

 

 

 

 

 

 



 

 

 

Appendix 1. 5:   Analysis of variance (ANOVA) for shoot, root and biomass of cabbage. 
 

ANOVA 

 Sum of 

Squares 
df Mean Square F Sig. 

Shoot  
Within Groups 261.274 12 21.773   

Total 72362.623 17    

Root  

Between Groups 70.621 5 14.124 31.012 .000 

Within Groups 5.465 12 .455   

Total 76.086 17    

Biomass  

Between Groups 76492.761 5 15298.552 723.493 .000 

Within Groups 253.745 12 21.145   

Total 76746.506 17    

 

 

Appendix1. 6:  Analysis of variance (ANOVA) for dry mass s of cabbage and red beet. 
 

ANOVA 

 
Sum of Squares df 

Mean 

Square 
F Sig. 

Cabbage  

Between Groups 40.773 5 8.155 335.122 .000 

Within Groups .292 12 .024   

Total 41.065 17    

Red beet  

Between Groups 81.934 5 16.387 1108.460 .000 

Within Groups .177 12 .015   

Total 82.111 17    

 

 

 

 

 

 

 

 

 

 

 



 

 

Appendix.1.7.   Analysis of variance (ANOVA) for   EC PH and   Av P   at the 

harvest of    red beet 

       

Item 

Sum of 

Squares 

Df 

Mean 

Square 

F Sig. 

P 

Between 

Groups 

28.429 5 5.686 23.492 0 

EC 

Between 

Groups 

0.046 5 0.009 16.937 0 

Within 

Groups 

0.006 11 0.001 

  

Total 0.052 16 

   

pH 

Between 

Groups 

19.653 5 3.931 10.123 0.001 

Within 

Groups 

4.271 11 0.388 

  

Total 23.923 16       

       

 

  



 

 

Appendix1.8. Analysis of variance (ANOVA) for   EC, PH and A P   at the harvest of     

Cabbage 

Items 

Sum of 

Squares 

Df 

Mean 

Square 

F Sig. 

P 

Between 

Groups 

28.429 5 5.686 23.492 0 

EC 

Between 

Groups 

0.046 5 0.009 16.937 0 

Within 

Groups 

0.006 11 0.001 

  

Total 0.052 16 

   

pH 

Between 

Groups 

19.653 5 3.931 10.123 0.001 

Within 

Groups 

4.271 11 0.388 

  

Total 23.923 16 

   

 

 

  



 

 

Appendix  1. 9 .Analysis of variance (ANOVA) for   CEC and exchangeable   cation 

C   and  N red  beet 

ANOVA 

 Sum of Squares df Mean Square F Sig. 

CEC 

Between Groups 1702.932 5 340.586 12.150 .000 

Within Groups 336.378 12 28.031   

Total 2039.310 17    

Na 

Between Groups .116 5 .023 102.010 .000 

Within Groups .003 12 .000   

Total .119 17    

K 

Between Groups .490 5 .098 178.265 .000 

Within Groups .007 12 .001   

Total .497 17    

Mg 

Between Groups 532.493 5 106.499 16.107 .000 

Within Groups 79.343 12 6.612   

Total 611.836 17    

Ca 

Between Groups 17.481 5 3.496 131.383 .000 

Within Groups .319 12 .027   

Total 17.801 17    

OC 

Between Groups 3.567 5 .713 433.965 .000 

Within Groups .020 12 .002   

Total 3.587 17    

TN 

Between Groups .013 5 .003 21.564 .000 

Within Groups .001 12 .000   

Total .015 17    

C:N 

Between Groups 217.498 5 43.500 152.986 .000 

Within Groups 3.412 12 .284   

Total 220.910 17    

OM 

Between Groups 10.603 5 2.121 433.965 .000 

Within Groups .059 12 .005   

Total 10.661 17    

 
   `                                          `                                                                                                                               

 

 

 



 

 

Appendix 2 .Analysis of variance (ANOVA) for   CEC and exchangeable   cation C   

and  N red  beet 

Items 

Sum of 

Squares 

Df 

Mean 

Square 

F Sig. 

CEC 

Between Groups 1702.932 5 340.586 12.15 0 

Within Groups 336.378 12 28.031 

  

Total 2039.31 17 

   

Na± 

Between Groups 0.116 5 0.023 102.01 0 

Within Groups 0.003 12 0 

  

Total 0.119 17 

   

K
+
 

Between Groups 0.49 5 0.098 178.265 0 

Within Groups 0.007 12 0.001 

  

Total 0.497 17 

   

Mg
2+

 

Between Groups 532.493 5 106.499 106.107 0 

Within Groups 79.343 12 6.612 

  

Total 611.836 17 

   

Ca
2+

 Between Groups 17.481 5 3.496 131.383 0 

 

 
 

  



 

 

Appendix 2: Leave   area of red beet   in the growing  6
th

 weeks . 

A= y0 + (a x L) + (b x W)   

C, A cm2    =1.67+1.1.83L (cm) +3.5W (cm) 

F, A cm2    8.58+1.48L (cm) +10W (cm) 

b, A  cm
2
    9.09+1.36L(cm)+10.4W(cm) 

bf,A  cm
2
    7.32+1.69L(cm)+8.9W(cm) 

B,A cm
2
    2.94+3.18 L (Cm) +6.1W(c (cm) 

BF, A   cm
2
    1.44+3.73L (cm) + 5.2W(cm) 

Appendix 3:  Over view pictures on the progress   

Appendix 3.1 : Overview of Biochar Production   at  Addis  Ababa  glass factor  . 

`                                          `                                                                                                                               

 
 

 

 
 

 

 

 

 

 

 



 

 

Appendix 3.2: Overview of   sample   of soil   collection 

 

Appendix 3.3:   Overviewof growth ofvegetable crops 

 

Appendix 3.4: Overview of   data   collection   for   determination   of   growth 

 

  



 

 

Appendix 3.5: Overview of Model of leaf Area of red beet 
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Appendix 3:6Overview ofharvesting and collection of soil for laboratory analysis 

 

 

 

 

  



 

 

Appendix 3.7:Overview  of   soil for laboratory  for organic carbon 

 

  

 

 

 

  

 

  



 

 

Appendix 3.8:Overview of   soil laboratory for phosphorus  

 

  

 

 

  

 

 

  

  



 

 

Appendix 3.9:Overview of   soil for laboratory forpH 

 

 
 

 


