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ABSTRACT 
 

A greenhouse pot experiment was conducted to evaluate the effect of Prosopis 

juliflora derived biochars on some properties of Salic Fluvisols collected from Melka 

werer area. Five rates of biochars (0, 2.5, 5.0, 7.5, and 12.5 t/ha) were arranged in a 

completely randomized design (CRD) with three replications. A total of 15 pots each 

containing 4 Kg of soil were laid out in greenhouse of Addis Ababa University Arat 

Kilo Campus. A 75 Kg of  Salic Fluvisol with a pH of 9.05 , electrical 

conductivity(ECe ) of 9ds- m -1 and exchangeable sodium percentage (ESP) of 20.5 

were treated with biochar for period of 2 months ( 6 March- 6 May /2015 ).The result 

indicated that biochar application has significantly ameliorated the sodicity and 

salinity of the soil . Organic carbon, CEC, Tot.N, avail. P and exchangeable cations 

levels have increased significantly. The highest value of chemical properties were 

recorded for the pots received the highest rate (i.e. 12.5 t/ha), which significantly 

decreased Exchangeable sodium percentage (ESP), pH and EC. The results suggest 

the possiblies of putting PJ shrub into a productive use which is currently causing 

severe rangeland degradation in the area. The result also suggest that biochar offers a 

cheap means of ameliorating saline/sodic soils which is a major problem for irrigated 

agriculture in the middle Awash  

KEY WORDS: Prosopis juliflora Biochar, Saline soil, Chemical and physical 

properties. 
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1. INTRODUCTION 

     

1.1 Back ground 

 

Soil health is the foundation of a vigorous and sustainable agriculture system. Soil 

health is defined as the capacity of soil to function. Soil organic carbon (SOC) is an 

indicator of soil health and is a vital element of sustainable farming. Continued 

farming depletes soil nutrient and carbon stocks which impinges upon agricultural 

production unless nutrient losses are reversed by addition of nutrients and organic 

matter to the soil. The most widespread solution to this depletion is the application of 

soil amendments in the form of fertilizers containing deficient nutrients (Lorentz, K 

2007). 

However, the use of fossil fuel based fertilizers contributes to greenhouse gas 

emissions while at the same time causing financial burden for smallholders to 

purchase fertilizers. Quit often smallholder farmers find mineral fertilizer 

unaffordable. Thus, judicious use of available organic sources such as farm yard 

manure and biochare is an important alternative means of maintaining soil health, 

combined with optimum amounts of external inputs. In recent years, Biochar, a 

carbonaceous organic material, is produced by slow pyrolysis of biomass under zero 

or limited oxygen conditions, in a closed furnace at temperatures ≤700 ◦C (Lehmann 

and Joseph, 2009). Interest in biochars is more recent with its use mainly focused to 

combat global climate change by sequestering atmospheric CO2 into soil C (Chan et 

al., 2008). In addition to the C sequestration value, beneficial aspects of improved soil 
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quality, nutrient enhancement and plant growth have also been reported when biochar 

is used as an organic soil conditioner (Glaser et al., 2002; Lehmann et al., 2006).  

 

However, the use of biochar as a potential soil amendment for salt-affected soils, in 

particular saline–sodic soils, has never been evaluated. Biochar was shown to improve 

soil physical properties such as bulk density, porosity, aggregate stability, and 

saturated hydraulic conductivity (Herath et al., 2013; Laird et al., 2010). Moreover, 

recent studies have reported that biochars can be rich in nutrients like Ca +2 and Mg +2 

(Tsai et al., 2012) and may enhance their availability in soil when added as 

amendments (Laird et al., 2010; Rajkovich et al., 2012). Therefore, addition of 

biochar to a saline–sodic soil could aid in its remediation by adding Ca +2 and Mg +2 

improve aggregate stability, hydraulic conductivity, and potentially might enhance 

Na+ leaching and could potentially help in saline-sodic soil remediation. Thus, it is 

important to evaluate if biochar can be an impending organic soil amendment to 

reclaim a salt affected soil. Also, it is imperative to understand the mechanism of 

biochar functioning when applied to a salt affected soil, either physiochemical or 

biological, given its high recalcitrant C content. 

 

Biochar has the potential to increase agricultural productivity. The use of biochar as 

soil amendment is proposed as a new approach to mitigate the effect of climate 

change along with improving soil productivity. Research interest in biochar 

production and use has gained importance in recent times due to increasing concerns 

regarding global warming and irreversible climate shift as a result of enhanced 

anthropogenic CO2 emissions (Woolf et al., 2010). Biochar has been perceived as an 

effective mitigation strategy in the context of combating climate change by 
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successfully sequestering C into soil and thus actively withdrawing carbon dioxide 

from atmosphere to abate continuing global warming effects (Lehmann, 2007b). 

Apart from being a C sink, biochar was also shown to improve soil properties when 

applied as an organic soil amendment. Literature is abundant with respect to the 

agronomic benefits of biochar incorporation into soil with many studies 

demonstrating significant enhancements in overall soil quality upon biochar addition 

by altering soil physical, chemical, and biological properties and subsequently 

increasing plant productivity (Asai et al., 2009; Atkinson et al., 2010; Chan and Xu, 

2009; Jones et al., 2012; Laird et al., 2010; Lehmann et al., 2011; Rondon et al., 2007; 

Solaiman et al., 2010; Spokas et al., 2009; Thies and Rillig, 2009; Van Zwieten et al., 

2010). Till date most of the studies evaluated the benefits of biochar incorporation in 

non-saline soils. However, research concerning its use for the reclamation of degraded 

lands, especially salt affected soils such as a saline-sodic soil, is scant.  

 

 1.2 Statement of the Problem 

 

The salt affected soils in Middle Awash Valley have been a challenge to agricultural 

production. One of the main reasons for the loss of productive land in irrigated fields 

is the build-up of salinity in the soil. In Ethiopia, the Amibara Irrigation Scheme 

(AIS), which covers about 15,256 ha of irrigable land in the Awash River Basin, 

encounters problems of salinization and rising water tables to varying degrees.  The 

soils at the farm area were generally non-saline & groundwater table in the area was 

below 10 meter (Halcrow, 1983). However, subsequent miss-management of irrigation 

water, in the absence of a complementary drainage system, gave rise to water logging, 

salinization of fully productive areas and considerable losses in crop yields. This 

severe problem resulted in abandoned of substantial areas of Melka Sedi cotton 
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producing areas. According to Abebe et al (2015) studied more than 34 %( 5249 ha) 

the total productive land (i.e. 15256ha) of AIS was saline sodic soil and unproductive 

due to this reason.   

 
However, soil salinity and sodicity problem is never static soil behaviour; there will 

always be change in the distribution of salt affected soils spatially. Unless salts are 

leached down and drainage is provided soon, more areas will be affected by salinity 

and sodicity. Because of the insufficient annual rainfall, evapotranspiration exceeding 

rainfall to leach down salts from the plant rooting zone and lack of natural drainage, 

soils of Amibara irrigated command areas were developed into salt affected soils.  

 

Here also, due to poor irrigation practice and lack of appropriate drainage, the 

groundwater levels have come closer to the surface; the farm areas are prone to 

secondary salinization (Abebe et al, (2015). Development of productive and 

sustainable irrigated agriculture in such areas must then be preceded by necessary 

precautionary measures and followed by proper management practices. 

 

Reclamation of a saline–sodic soil requires the removal of sodium from the soil 

exchange sites into soil solution by divalent cations (Ca +2 preferably) to promote soil 

flocculation. Subsequently, salts are leached from the soil profile (Abrol et al., 1988). 

Remediating saline-sodic soils with organic amendments such as biochars and 

compost were increasingly seen as cheaper and sustainable alternative to inorganic 

materials(gypsum, sulphur).The present thesis studies focus on biochar from an 

invasive and problematic on pasture lands, irrigation canals in middle awash is the 
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weed  Prosopis juliflora shrub an alternative option applied  to the soil and reclaimed 

amelirate  saline-sodic soil ,  improve the organic content and some  quality of soil.

 

1.3 Objective of the Study  
 

The general objective the study is to explore potentials of biochars from Prosopis 

jiliflora as a source of soil amendment (amelioration of saline soils) by alterting key 

chemical properties such as soil organic carbon, soil reaction and the CEC. 

 Specific objectives include: 

I. To examine the effect of biochar application on some key soil chemical 

properties such as soil organic carbon, CEC, pH, ECe 

II. To determine optimum rates of bicohar application to ameliorate soil properties 

particularly soil salinity (pH, Ece). 

III. To suggest better economic use of prosopis juliflora as source of soil amendment 

thereby addressing range degradation 

 

1.4 Research Questions 

  

This research will try to address the following basic question 

1 What is the effect of biochar on soil salinity and fertility levels (i.e organic 

 carbon CEC, Avail.P, tot.N )?

2 Which rate of bichar application is most effective in influencing soil quality in 

a given period of time? 
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1.5 Significance of the Study 

 
The study will explore the potential of Prosopis juliflora biochare to increase the 

quality of soil in saline soil .The addition of biochare will increase organic carbon 

content (SOC), soil reaction (pH), total nitrogen (Tot N), available phosphorus 

(Avai.P) and cation exchange capacity (CEC).Due to salinity productive land was 

abandoned so biochar amendment will an important component amelioration of the 

salinity and sodicity of middle Awash Valley.
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2. REVIEW OF RELATED L ITERATURE 

 

   2.1 Concept and Definition 

 
 

2.1.1 What is Biochar 
 

Biochar is black carbon material produced from any biomass feed stock including 

crop residue forest products yard wastes and animal manure. The feedstock undergoes 

a process called pyrolysis, which results in rearrangement of the biomasses‟ 

molecules, yielding black biochar and other products (Amonette and Joseph, 

2009).Biochar is another name for charcoal used for particular purposes other than 

combustion (Amonette and Joseph, 2009). The following statements provide 

clarification: 

 The term biochar is used mainly in the context of soil fertility enhancement 

and management. 

 The prefix „bio‟ in biochar implies living, i.e., the microbial life in the 

Char‟.Biochar is the charcoal (carbonaceous material) produced from biomass 

for good use (Amonette and Joseph, 2009). 

 

Biochar is not a pure carbon, but rather mix of carbon (C), hydrogen (H), oxygen (O), 

nitrogen (N), sulphur (S) and ash in different proportions (Masek, 2009). The quality 

of biochar that makes it attractive as a soil amendment is its highly porous structure, 

potentially responsible for improved water retention and increased soil surface area. 

The carbon atoms in biochar molecules are strongly bound to one another and this 

makes  biochar resistant to attack and decomposition by micro-organisms .By contrast 

,the carbon in most organic matter is rapidly (between 1 and 5 years) returned to the 
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atmosphere as CO2 through respiration. Consequently,biochar one of very ways of 

removing CO2 from the atmosphere. There are a very widens potentially highly 

valuable way of stabilising carbon and strong it in soils and is range of potential 

biochar feed stocks e.g. wood wastes, timber, agricultural wastes, manure, leaves, 

food wastes ,straws, paper sludge‟s ,green waste, distillers grain, bagasse and many 

others. Biochar from pyrolysis, and conventional charcoal and char shared key 

characteristics which are related to carbon sequestration (long residence time) and soil 

fertility (soil conditioning effect).  

Biochar has two key properties namely:- 

 A high affinity to nutrients and water, reducing onsite nutrient loss and offsite 

pollution from nutrient leaching 

 A long residence time. Unlike soil amendments such as compost /manure 

biochar has a half-life of up to several centuries (Lehmann, Gaunt et al. 2006) 

 

2.1.2 The Biochar Technology 
 

Biochars is a new word for many, but the technology is traditional one in several 

regions of the World. Biochars refers a kind of charcoal made from biomass. Unlike 

charcoal made for fuel biochar has properties which make it a valuable soil 

amendment. Before discussing biochar material in detail it is important to understand 

where the recent interest for the study and use of biochar as a soil amendment comes 

from. 

Soils in the Amazon Basin are largely represented by Oxisols and Ultisols (Brady and 

Weil, 2008), which are acidic and highly weathered. High temperatures and rainfall 

throughout the year, coupled to the low ability of these soils to retain positively 

charged plant nutrients result in highly leached, nutrient poor soils (Van Wambeke, 
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1992). Terra preta soils were formed in the kitchen middens of indigenous people, by 

the accumulation of charcoal and nutrient- rich food and bone wastes among others 

(Lehmann et al., 2003a). The resulting soils were up to 2 m deep and cover areas 

ranging from several hundred square meters to several hectares, indicating large 

amounts of people living at these locations for long periods of time, until contact with 

Europeans. It is difficult to estimate the total area covered by these anthropogenic 

soils, since the majority of them are currently covered by vegetation (Sombroek, 

1966). However, it is the fact that these soils remain fertile to date (Major et al., 

2005), centuries to millennia after they were formed (Liang et al., 2008), that 

motivated researchers to learn from Terra preta with the goal of improving soil 

fertility in other regions of the world. Indeed the charcoal, or biochar, which makes 

these soils black, has been shown to be a beneficial soil amendment.  
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Plate 1 Left - a nutrient-poor oxisol; right - an oxisol transformed into fertile terra preta using 

biochar 

In Japan, biochar has been employed at least since 1697, where the oldest published 

mention of rice husk biochar use in soil was made (Ogawa and Okimori, 2010). 

Biochar has been used since then in agriculture and horticulture, including for 

improving the vigour of ancient pine trees near shrines (Ogawa and Okimori, 2010). 

The use of biochar in agriculture is not new; in ancient times farmers used it to 

enhance the production of agricultural crops. One such example is the slash and burn 

cultivation, which is still being practiced in some parts of the world. In order to 

sequester carbon, a material must have long residence time and should be resistant to 

chemical processes such as oxidation to CO2 or reduction to methane. It has been 

suggested by many authors ((Izaurralde et al., 2001; McHenry, 2009) that the use of 

biochar as soil amendment meets the above requirements; since the biomass is 

protected from further oxidation from the material that would otherwise have 

degraded to release CO2 into the atmosphere. Such partially burnt products, more 
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commonly called pyrogenic carbon or black carbon, may act as an important long- 

term carbon sink because their microbial decomposition and chemical transformation 

are probably slow. 

        2.2. Production of biochar: Pyrolysis  
 

Pyrolysis is the direct thermal decomposition of biomass in the absence of oxygen to 

obtain an array of solid (biochar), liquid (bio-oil) and gas (syngas) products(Gill, 

2011). Pyrolysis techniques can be altered to achieve higher energy outputs or higher 

biochar production. When biochar is used as a soil amendment, it is slowly 

oxygenated and transformed in a physically stable manner, leading to interesting 

chemical properties such as cation exchange capacity and reduction of soil acidity 

(Gill, 2011)  

 

There are different ways to make biochar, but all of them involve heating biomass 

with little or no oxygen to drive off volatile gasses, leaving Carbon behind. This 

simple process is called thermal decomposition usually achieved from pyrolysis or 

gasification. In pyrolysis biochar is made by “baking” biomass in the presence of little 

or no oxygen. This differs from actually burning biomass because in an open fire, 

plenty of oxygen is available to fully oxidize the C in the biomass to convert into 

CO2. Thus practically all the C leaves as CO2 and only ashes and small amounts of C 

are left behind. Restricting oxygen availability , on the other hand, results in a greater 

retention of C in the biomass, The efficiency of the process in terms of C is usually 

50% or less (Lehmann, 2007), i.e. only half the C in the feedstock or less remains in 

the biochar due to .the fact that only biochar results from the pyrolysis process: 

combustible gases and volatile compounds also escape from the pyrolyzing biomass 

In commercial biochar pyrolysis systems, the process occurs in three steps: first, 
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moisture and some volatiles are lost; second, unreacted residues are converted to 

volatiles, gasses an biochar, and third, there is a slow chemical rearrangement of the 

biochar (Demirbas, 2004).A Summary of biochar conversion process presented in 

figure 1. 

 

 

Figure 1: Summary of pyrolysis processes in relation to their common feed stocks,             
typical products, and the applications and uses of these products (Sohi et al., 2009) 
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There are two types of pyrolysis systems in use today: fast pyrolysis and slow 

pyrolysis. Fast pyrolysis tends to produce more oils and liquids while slow pyrolysis 

produces more syngas. The type of pyrolysis used is chosen based on which output 

should be optimized (Lehman et al, 2006). 

 

Major criteria to consider are the targeted final products: (1) biochar and heat, (2) 

biochar, bio-oil and gases, (3) biochar, carbon black, and syngas (gas mixtures that 

contain varying amounts of CO and H), and (4) syngas (Pelez-Samaniego et al., 

2008).  Depending upon the requirement, suitable procedure is followed for 

production of biochar alone or combination with other useful co-products. But biochar 

production technology is more than just the equipment needed to produce biochar. It 

necessarily includes entire integrated systems that can contain various components 

that may or may not be part of any particular system. Brazil is by far the largest 

biochar producer in the world producing 9.9 million tons/year. Other important 

biochar producing countries are: Thiland (3.9 million tons/ year), Ethiopia (3.2 

million tons/ year), Tanzania (2.5 million tons / year), India (1.7 million tons/ year) 

and Democratic of Congo (1.7 million tons/ year). 

 

Biochar can be produced at scales ranging from large industrial facilities down to the 

individual farm (Lehmann and Joseph, 2009), and even at the domestic level 

(Whitman and Lehmann, 2009), making it applicable to a variety of socioeconomic 

situations. Various pyrolysis technologies are commercially available that yield 

different proportions of biochar and bio-energy products, such as bio-oil and syngas. 

To make biochar technology popular among the farmers, it is imperative to develop 
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low cost biochar kiln at community level or low cost biochar stove at individual 

farmer‟s family level. Like heap, drum and biochar stoves mostly used practice all 

over the world especially developing countries those are mostly dependent on 

biomass energy supply.  

 

2.2.1 Heap Method 

 

A heap of pyramid like structure (earth kiln) is prepared by keeping wood logs and 

roots of plants for making charcoal (Fig 2). To allow the combustion products to 

escape, vents are opened starting from the top and working downwards. When smoke 

production is stopped, the cooling process is started by covering stack with a layer of 

moist earth. The cooling process takes several days before the earth is removed and 

the biochar produced is separated from the surrounding carbonized portions. Earth 

mound kilns equipped with a chimney are most advanced among earth kilns. The 

ability to alter the chimney diameter according to the oxygen demand, and precise 

control of the draft of the chimney, which is dependent on height, results in better 

control of the pyrolysis process (Emrich, 1985). Generally, people use the heap 

method of charcoal production as it is easy and cost involved in char production is 

very low. 
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Figure 2 Traditional earth kiln (Source: http://en.howtopedia.org/wiki/Biomass_(Technical_Brief) 

 

Figure 3 Heap method of biochar preparation in Tamil Nadu (Source: Jeyaraman, TNAU) 

 

2.2.2 Drum Method 

 

Kilns that are built in place, typically are constructed from soil or other local 

materials, are located close to biomass resources and are small. They are 

economically viable if the cost of construction and transportation of biochar is lower 

than the cost of transporting and processing of biomass. In a modified method, char 

production is done by pyrolysis kiln. Venkatesh et al. (2010) developed a low-cost 

charring kiln by modifying oil drums at CRIDA, Hyderabad. 

http://en.howtopedia.org/wiki/Biomass_(Technical_Brief)
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Figure 4: Biochar preparation at IARI: Drum used for preparation of biochar 

 

Figure 5: Portable metallic kiln 
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2.2.3 Biochar Stove 
 

To those who live in the developed world, it may come as a surprise to learn that more 

than two billion people still cook and heat their homes with primitive stoves or open 

fires. These inefficient technologies emit air pollution that can exacerbate global 

warming. People struggle to gather enough biomass fuels to meet their needs. And in 

many cases, the demand for wood accelerates deforestation. 

For nearly two decades a small group of researchers and development advocates has 

worked to improve household biomass energy technologies. Now concerns over 

global warming have added a new reason to accelerate the transition to cleaner 

biomass energy use in the developing world. New stove technologies can produce 

both heat for cooking and biochar for carbon sequestration and soil building. Limited 

testing indicates that these stoves are much more efficient and emit less pollution 

(IBM, 2011). 

The UN Environment Program now recognizes that Atmospheric Brown Clouds 

(ABCs) are a major contributor to climate change. ABCs are caused by particulate 

emissions from combustion of biomass and fossil fuels such as black particles (soot) 

that heat the atmosphere by absorbing sunlight, and white particles that reflect 

sunlight and contribute to cooling(Lehman et al,2006) . 

Black carbon has a significant effect on global warming, second only to carbon 

dioxide. However, the atmospheric residence time of black carbon is only a few 

weeks, while CO2 emissions stay in the atmosphere anywhere from 30-95 years. This 

means that we have an opportunity for immediate action to decrease environmental 

breakdown by reducing black carbon emission (Lehman et al, 2006) 
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Biochar-producing stoves are not yet a mature technology, and indeed, the emissions 

from the few designs that have been developed have not yet been systematically 

tested. However, there are good reasons to believe that they will be as clean as or 

cleaner than other gasifier stoves that do not retain the biochar, but combust it (IBM, 

2011)  

The two main stove types used for pyrolysis are the TLUD stove and the anila stove. 

The TLUD operates as a gasifier by creating four basic zones within the stove: raw 

biomass, flaming pyrolysis, and charcoal and gas combustion. Fan-forced TLUD 

stoves retain the charcoal layer without burning it more easily, but charcoal can also 

be retained by a naturally draft TLUD if it is properly timed and quenched (IBI, 2011, 

Figure 6). 

  

                                                      

Figure 6 : The TLUD stove breaks down into 4 pyrolysis zones for a proper burn (IBI, 
2009) 

 

TLUD stove breaks down into 4 pyrolysis zones for a proper burn (IBM, 2011). 

Anila-type stoves use two concentric cylinders of different diameters (Figure 7). 

Biomass fuel is placed between the two cylinders and a fire is lit in the center. Heat 

from the central fire pyrolizes the concentric ring of fuel. The gasses escape to the 
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center where they add to the cooking flame as the ring of biomass turns to char (IBI, 

2011). 

 . 

 

Figure 7: The Anila stove uses concentric rings around a fire to pyrolize biomass (IBI, 

2011)  

 

2.3 Characterization and Testing of Biochar Material 
 

Determining where and how to apply biochar begins with the characterization of the 

biochar material. Characteristics of biochar materials will vary depending on what the 

biochar is made – i.e., the process of production from, and how it is made. Variation 

in the pH, ash content, surface area, and other characteristics of biochar is the basis 

for the concept of “designer biochar” (Novak et al., 2009b), where the characteristics 

of a biochar are matched to the specific needs of a soil and/ or soil management 

system.  

 



20 

 

Characterization of any amendment is the first step to understand the mechanism of 

action. The properties of biochar are governed by its physical and chemical 

constituents. The form and size of the feedstock and pyrolysis product may affect the 

quality and potential uses of biochar (Sohi et al., 2010). Sohi et al. (2010) reported 

that biogeochemical characterization of biochar helps in determining the agronomic 

importance as well as impact on soil process. 

 

Some workers have reported seven key properties for the evaluation of biochar i.e. pH 

content of volatile compounds, ash content, water-holding capacity, bulk density, pore 

volume, and specific surface area (Okimori, et al., 2003, Sohi et al., 2010). All these 

properties are governed by the quality of the feed stock that is used for the biochar 

production. In addition, pyrolysis temperature and duration of pyrolysis are the other 

two most significant processes that affect the physico-chemical quality of biochar. 

 

2.4 Bichar as a soil amendment 
 

2.4.1 Method of application 
 
Like any other organic amendments, Biochar can be applied to soil by different 

methods including broadcasting, band application, spot placement, deep banding etc. 

However, the method of biochar application in soil depends on the farming system, 

available machinery and labour. Application of biochar by hand is well known, but is 

not viable on large-scale because of labour intensity and human health concerns due 

to prolonged contact with airborne biochar particulates (IBI, 2009). A best 

management practice when working with biochar is to ensure the control of dust, 

either by moistening it with water or mixing it with another soil amendment, for 

example compost or manure (IBI, 2009). 



21 

 

 
2.4.2 Rate of application 
 

The amount of bicohar to be applied depends on many factors. Including the type of 

biomass used the degree of metal contamination in the biomass, the types and 

proportions of various nutrients (N, P, etc.). Biochar application rate also depend on 

edaphic, climatic and topographic factors of the land where the biochar is to be 

applied (Srinivasarao et al, 2012). Given the variability in biochar materials, nature of 

crop and soils, users of biochar should consider testing several rates of biochar 

application on a small scale before setting out to apply it on large areas. Experiments 

have found that rates between 5-50 t/ha (0.5-5 kg/m2) have often been used 

successfully (IBI, 2009). While no recommended application rates for biochar can be 

given, biochar should be applied in moderate amounts to soil.  Research suggests that 

even low rates of biochar application can significantly increase crop productivity 

assuming that the biochar is rich in nutrients which that soil lacks (Winsley, 2007). In 

the case of piggery and poultry manure biochar, the biochar works both as an organic 

fertilizer and soil conditioner with agronomic benefits observed at low application 

rates (10 t/ha) (Chan et al. 2007). Application to soils of higher amounts of biochar 

may increase the carbon credit benefit; but, in nitrogen -limiting soils it could fail to 

assist crop productivity as a high C/N ratio leads to low N availability (Lehmann and 

Rondon, 2006). Biochar application rates also depend on the amount of dangerous 

metals present in the original biomass. The chance of bio-magnification also depends 

on the amount of a given metal in the soil. 
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2.4.3 Soil Quality and Fertility /Soil Enhancement/ 
 

Biochar is a high organic carbon containing material (> 50%) produced by heating of 

biomass in absence of oxygen. Biochar application to soil leads to several interactions 

mainly with soil matrix, soil microbes, and plant roots (Lehmann and Joseph, 2009). 

Biochar is a durable, soil amendment. This is what distinguishes it from other soil 

amendments such as composts and green and animal manures. Biochar as a soil 

amendment increases the Cation Exchange Capacity (CEC) of the soil, which 

represents the soil‟s ability to retain nutrients the soil to be taken up by plants. This 

increased CEC allows for more active microbes and nutrients, leading to improved 

soil fertility. This increase in microbial growth also allows for better moderation of 

soil acidity, which can prevent toxic effects to the plants. The porous surface of 

biochar enables the soil to retain water more efficiently and reduce the release of 

nitrogen into the ground water, improving water quality (Lehmanet al 2006). Soil 

aeration is also drastically improved due to macro porosity of biochar (Lehman, 

Johannes, and Stephen, 2009). Utilizing biochar can improve nearly any type of soil, 

particularly soils with low nutrient levels and low rainfall (Lehman et al 2006). 

 2.4.3.1 Biochar and Soil Organic Carbon 
 

Managing soils to obtain multiple economic, societal and environmental benefits 

requires integrated policies and incentives that maintain and enhance soil carbon. 

Decisive action needs to be taken to limit soil carbon loss due to erosion and 

emissions of carbon dioxide and other greenhouse gases to the atmosphere.  

The top metre of the world‟s soils stores approximately 2 200 Gt (billion tonnes) of 

carbon, two-thirds of it in the form of organic matter (Batjes, 1996). This is more than 
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three times the amount of carbon held in the atmosphere. However, soils are 

vulnerable to carbon losses through degradation. They also release greenhouse gases 

to the atmosphere as a result of accelerated decomposition due to land use change or 

unsustainable land management practices (Shrestha and Lal 2006). Akala and Lal 

(2001) estimate that up to 70% of soil organic carbon is lost during drastic land 

disturbance. Soil organic matter decline in drastically disturbed land occurs through 

the following mechanisms (Anderson et al.2008): •  

 Erosion of soil during stripping, storing, spreading and seeding 

  Water and wind erosion 

 Reduced inputs from vegetation in the form of above-ground and below-

ground litter; and 

 Dilution as surface soils with higher soil organic carbon concentrations become 

mixed with soil 

 
Soil amendments are an important component of reclamation programs. These have 

included coal combustion by-products, bio solids, swine or poultry manure, sewage or 

paper mill sludge, sawdust, wood residue and limestone slurry by-products. Shrestha 

and Lal (2006) have summarized the role of organic and inorganic amendments in 

restoration including: 

• Improvements of chemical and physical properties of soil; 

• Improved fertility for crop establishment; 

• Increased biomass productivity; 

• Increased water holding capacity; 

• Increased pH, electrical conductivity and cation exchange capacity; 

• Increased population of phosphate solubilizing and nitrogen-fixing bacteria; 

• Decreased bulk density; and 



24 

 

• Increased percentage of 1-2mm water stable aggregates 

While organic amendments provide a source of nutrients that are readily mineralized, 

these do not provide a long-term source of soil carbon. Bendfeldt et al. (2001) found 

that the addition of sawdust and sewage sludge to mine soils enhanced soil quality 

over the short-term (1-5 years) but that there were no lasting improvements. Biochar 

(long residence times) represents an opportunity to enhance nutrient cycling and other 

ecosystem services in drastically disturbed lands (amendment, mulch, toxicity 

reduction). 

 

Biochar is a promising amendment for ameliorating drastically disturbed soils due to 

its micro-chemical (Amonette and Joseph 2009), nutrient (Chan and Xu 2009) and 

biological (Thies and Rillig 2009) properties as well as its stability in soil (Lehmann 

et al. 2009). Biochar is a carbon-rich product obtained when biomass is heated in a 

closed container with limited air with the intent of being applied to soil to improve 

soil productivity, carbon storage or remediation (Lehmann and Joseph 2009). The 

persistence of organic matter in the order of centuries in weathered tropical soils 

associated with the application of biochar has been reported by Glaser et al. (2001).  

 

The persistence is due to the highly aromatic structure of the biochar that is 

chemically and microbial stable. When compared to other organic amendments 

(sawdust, manure, Tithonia diversifolia leaves) in a highly degraded agro ecosystem 

Kimetu et al. (2008) reported that the application of biochar had the greatest impact 

on increasing productivity and soil organic carbon concentrations, even though there 

was no improvement of nutrient availability. Due to the nature of production being 
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dependent on both the feedstock and the process, biochar can be developed for site 

specific conditions to ameliorate a number of conditions 

2.4.3.2 Biochar and Soil pH Effect  
 

The pH scale (Figure 8) ranges from 0-14, with values greater than 7 considered basic 

(or alkaline), and values less than 7 considered acidic. A pH of 7 is considered neutral 

and is neither acidic nor alkaline. An acid is defined as a proton donor that increases 

the concentration of positively charged ions, forming acidic soil with a pH value less 

than 7. A base is a proton acceptor, which reduces the concentration of positively 

charged ions in the soil, which causes a pH above 7(McMillan et al, 2005) 

 

 
Figure 8  The pH Scale 
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Many authors measured rises in soil pH when biochar was applied to soil (e.g. Chan 

et al., 2008; Laird et al., 2010; Peng et al., 2011; Van Zwieten et al., 2010c). The 

Evidence suggests that raising soil pH may be biochar's most important documented 

contribution to improved soil quality.  

 

2.4.3.3 Cation Exchange Capacity (CEC) 

 

Cations are positively charged ions such as calcium (Ca++), magnesium (Mg++), 

potassium (K+), and sodium (Na+) and others. The capacity of the soil to hold on to 

these cations called the cation exchange capacity (CEC). These cations are held by the 

negatively charged clay and organic matter particles in the soil through electrostatic 

forces (negative soil particles attract the positive cations). The cations on the CEC of 

the soil particles are easily exchanged with other cations and as a result, they are plant 

available. Thus, the CEC of a soil represents the total amount of exchangeable cations 

that the soil can adsorb. A higher CEC indicates a higher capacity of the soil to adsorb 

and hold nutrients, and therefore higher nutrient availability (Lehmann et al, 2009). 

Biochar is expected to increase CEC due to its ability to raise nutrient levels and 

nutrient availability in soil (Lehmann et al, 2009). Many local soils contain high clay 

and organic matter, leading to CEC of >30meq/100 g soil.  Sandy soils near the coast 

are low in clay and organic matter <10meq/100 g soil (Dickson and Bruce A., et al, 

1990). 

2.4.3.4 Biochar and Saline Sodic Soil Reclamation 
 

Improvements in such soil physical properties such as bulk density, porosity, 

aggregate stability, and saturated hydraulic conductivity are deemed highly essential 

with respect to a saline-sodic soil remediation (Herath et al., 2013; Laird et al., 2010). 
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In addition to divalent cations as Ca++ and Mg++ is necessary to offset Na+ on the 

exchange sites in a saline-sodic soil. (Major et al., (2010) observed increased soil Ca++ 

and Mg++ availability when biochar was applied at 20 t/ha- to a Columbian savannah 

Oxisol. In an Iowa study, Laird et al. (2010) found a significant increase in soil 

Ca++levels, when an oak derived biochar was applied to an agricultural soil at rate of 

20g/Kg of soil. Similar results were reported by (Chan et al., (2008a); Gaskin et al., 

(2010); Novak et al., (2009). Therefore, addition of biochar to a saline–sodic soil 

could aid in its remediation by adding Ca +2 and Mg+2, improve aggregate stability, 

hydraulic conductivity, and potentially might enhance Na+ leaching and could 

potentially help in saline-sodic soil remediation or reclamation. 

 

2.5 How long does the effect of Biochar Last? 

Research on the Amazon Basin‟s Terra Preta soils and naturally occurring biochar 

from forest and grassland fires implies that biochar can persist for millennia with very 

little decay. Laboratory studies using the latest technology estimate that biochar has a 

mean residence time in soils on the order of 1300–4000 years (Cheng et al. 2008, 

Liang et al. 2008) 

2.5 Environmental Impact 

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

materials decay, greenhouse gases, such as carbon dioxide and methane (which is 21 

times more potent as a greenhouse gas than CO2), are released into the atmosphere. 

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 (Liang et al. 2008). It is estimated that use of this method to 
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“tie up” carbon has the potential to reduce current global carbon emissions by as 

much as 10 percent (Woolf et al. 2010). 

 

2.6   Prosopis juliflora: An invasive busy species 
 

There is a growing concern about invasive alien trees, shrubs and grasses, and the 

threats they pose to livelihoods, biodiversity and water in Africa‟s sun-scorched, low 

rainfall grass lands. Kenya, Sudan and Ethiopia are increasingly worried about P. 

juliflora, a thorny, evergreen, rapidly- spreading shrub. But P. juliflora spread is a 

global phenomenon found beyond Latin America, West Indies and Australia. 

 

P. juliflora (Swarz), a native of North and Central America (Hailu et al., 2004), is a 

perennial thorny deciduous shrub or a small tree weed belonging to the family 

Leguminose. The species has large crowned evergreen tree with a deep taproot and a 

well-developed lateral root system; height ranges between 1-18 meters (Fig. 9), 

depending on the type of soil in arid and semi-arid conditions. 
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Figure 9: P. juliflora invading the cultivated land, more than 12m height around werer 
research station (Photo by me) 

 

Prosopis juliflora was widely distributed in Ethiopia as a biological soil and water 

conservation agent during the late 70s particularly in the rift valley basin. In the 

Middle Awash Valley, Prosopis was disseminated as a means stabilising the dykes on 

irrigation cannels from where it spread out into the rangelands through animal waste 

browsing on the pods. Now it is considered a major threat to the Afar rangelands 

because of its invasive nature. Prosopis juliflora has an invasive character invading 

pastureland, irrigated cultivated lands and irrigation canals causing an irreversible 

displacement of natural pasture grasses as well as native tree species (Kassahun et al. 

2004). 

In terms of coverage, the areas most adversely affected nationally include the Afar 

and Somali Regions in the east and southeast of the country and the area around Dire 

Dawa City. There are also moderately affected areas in Amhara, Oromia, Southern 
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Nations Nationalities and Peoples (SNNP) and Tigray Regions – that is, in the mainly 

dry lands of Central, East and North Ethiopia (Steele 2009) 

 

The genus Prosopis comprises 44 species (Burkart, 1976) of which only one P. 

juliflora is introduced to Ethiopia. In recent decades this exotic species has attracted 

much attention. They are extensively planted as fast-growing and drought tolerant fuel 

and fodder trees, but in many countries they have also spread out of control as 

invasive weeds. P. juliflora has been introduced to and become naturalized in the 

tropics where it is cultivated for shade, timber, forage, food and medicine (Kassahun 

et al., 2004). However, contrary to the purpose of its introduction in different 

countries, it has escaped cultivation and proved to be a severe invader of farmlands, 

irrigation schemes and rangelands (Mohamed, 1997). This has been the case in 

Amibara Woreda during the past few decades. 

 

Demerit of P. juliflora 

The species introduced to Ethiopia is known for its numerous harmful effects on the 

livelihood of the local people. Unfortunately, the benefits of P. juliflora have been 

dramatically outweighed by the overall loss of natural pasture displacing of native 

trees, reduction in stocking rate, toxicity to livestock, formation of impenetrable 

thickets and increased incidence of crop pests. According to Shiferaw (2002), P. 

juliflora has been encroaching on road sides, where it is seen as a hazard due to 

reduced visibility and enters the cotton fields, where it has to be removed prior to 

planting the crop at Amibara Woreda.  
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Land clearance has become expensive to farmers in invaded areas in Kenya. It is only 

better-off people who can afford payment for land clearances, are engaged in 

cultivation (Mwangi and Swallow, 2005). Some of the households were also 

displaced due to the invasion. Incidences of malaria and challenge from predators are 

also caused by P. juliflora. It is also invading the bush land and obviously replacing 

the Acacia species. Several Acacia nilotica growing in the dense thickets of P. 

juliflora were found dead, presumably due to competition for water with the species. 

According to the USFS technical assistance trip report cited by Dubale Admasu 

(2007), the major negative effects of P. juliflora in ANRS are the loss of pasture and 

the indigenous trees (Table 1). Similarly, Worku et al., 2004 showed that from P. 

juliflora invaded land-use/land covers; most of the native plant species were displaced 

or with only few in number. Those present were diseased and stunted in growth. 

 

Table 1: Native Species threatened from Prosopis invasion in Gewane & Amibara 

Woreda 

 

Scientific Name Vernacular Name Remark 

Acacia tortilis Eebto Multi-purpose tree 

Acacia senegal Adebo Multi-purpose tree 

Acacia nilotica Keselto Multi-purpose tree 

Dobera gelabera Gersaito Multi-purpose tree 

Chrysopogon plumulosus Durfu Grass 

Cenchrus ciliaris Srdoitas Grass 

Seataria acromelaena Mussa Grass 

(Source: Dubale Admasu, 2007) 
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2.6.1. Control or management of Prosopis in Introduced Area 
 

Control or eradication methods for invasive species could be categorized into three 

broad types: Physical; invader plants are removed by machine or people 

mechanically; Chemical; where herbicides are used to kill invader plants; and 

Biological; where predators or pathogens are used to control the invading plant‟s 

reproduction (Geesing et al 2004). However, experiences from America, Asia and 

Australia have shown that eradication of Prosopis, by the different methods, 

especially the mechanical and chemical ones are highly expensive and mostly 

ineffective (HDRA, 2005a). Hence, management strategies were recommended to 

minimize the ecological and socioeconomic impacts of the invasion and to make use 

of Prosopis as a valuable resource to support rural livelihoods in the dry lands 

(HDRA, 2005; Mwangi and Swallow, 2005). At the same time there is a dire need to 

control the spread of Prosopis to new areas. Trials from India found that slashing and 

digging out the roots were the most effective method to eradicate prosopis; it 

controlled regeneration for up to 12 months (Kathiresan 2006). Additionally, 

chemicals were applied after cutting. Tordon (Picloram and 2, 4-D), used in strong 

doses, was able to hinder stumps from rerouting. 

 

 

 

 

   
 



33 

 

3. MATERIAL AND METHODS 

 

3.1 Greenhouse Study 

 
 in arat kilo campus greenhouse. The study was conducted in Addis Ababa University

The soil for pot trial was collected from Werer research station. Perforated Plastic 

pots 20 cm diameter and height was filled with 4Kg of sun dry of 2mm sieved dry 

soil. The soil were biochar produced from Prosopis juliflora  woody weeds was 

applied at rates of 0 ,2.5t/h, 5t/h(7.6gm/4Kg of pot soil) ,7.5t/h ,12.5t /hand treated 

with biochar for period of two monthes (March  6-May 6).The pots were then 

arranged in complete randomized design and replicated three times.  

 

Calculation for pot trials 

  Soil density: 1.33 gm/ cm3 (Reference from werer research station) 

  Soil depth: 10 cm. To what depth the biochar may be incorporated in 

field (Personal Communication in the field werer research station) 

 
 1 ha = 10 000 m2 

 10 000 m2* 10 cm = 1000 m3, soil/ha 

 1000 m3 * 1,33g/cm3= 1.33 * 10 6kg soil/ha 

Rate 1:    Control (0) 

Rate 2:    2.5 tone biochare /hectare 

2.50 * 103 kg / 1.33 * 103 kg = 1.88g biochar / kg soil 

1.88g*4 Kg =7.52gm biochare/pot 

Rate 3:  5 tone biochare /hectare 

5*103Kg/1.33*103Kg=3.76 gm biochare /Kg Soil 

3.76g*4kg=15.03 gm biochare /pot 
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Rate 4: 7.5 tone biochare /hectare 

7.5*103Kg/1.33*103Kg=4.24 gm biochare /Kg soil 

4.24gm*4 Kg= 16.95gm biochare /pot 

Rate 5:12.5 tone biochare /pot 

12.5*103Kg/1.33*103Kg=9.4gm biochare /Kg soil 

9.4gm *4Kg=37.6gm biochare pot 

3.2: Laboratory Analysis (Work) 
 

Physical and chemical analyses were conducted following standard procedures after 

the soil samples had been air dried and ground to pass through 2 mm sieves. Soil 

texture was determined by hydrometer; (Van Reeuwijk, (1992). pH was measured by 

using a pH meter in a 1:2.5 soil: water ratio. Electrical conductivity (EC) was 

measured in water at a soil to water ratio of 1:2.5. Soil organic carbon was determined 

by the Walkley-Black method and the organic matter was calculated by multiplying 

the organic carbon using the factor 1.724. And total nitrogen (N) by the Kjeldahl 

method (Van Reewijk, L.P., 1992). Available phosphorous (P) was determined using 

Bray II extraction method (Van Reewijk, L.P., 1992). Total exchangeable bases were 

determined after leaching the soils with ammonium acetate. Amounts of Ca and Mg in 

the leachate were analyzed by atomic absorption spectrophotometer. K+ and Na+ were 

analyzed by flame photometer. Cation exchange capacity was determined at soil pH 7 

after displacement by using 1N ammonium acetate method in which it was thereafter, 

estimated titrimetrically by distillation of ammonium that was displaced by sodium. 

Exchangeable sodium percentage (ESP) and sodium adsorption ratio (SAR) were 

computed as follows  

  ESP= Na/CEC                 SAR=Na+                 

                  √  Ca+Mg)/2 
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The soil of is as Salic Fluvisols (Wondimagegne C, and, Abere M, 2012). The 

selected soil physicochemical properties of the experimental soils are presented in 

Table 2  

 

3.3 Biochar Production method and characterisation 
 

The bicohar used in this experiment was Prosopis biochar is made in Minstry of 

Water, Irrigation and Energy (MoWIAE) under the supervision of Alternative Energy 

Development and Promotion Directorate, Energy Work Shop by heating biomass 

under oxygen-limited based on the recommendation Lehmann, J., 2007.After the 

pyrolysis process, the biochar was grounded to small granules and passed through 

2mm sieve in order to have the same particle size as that of the soil. 

Characterization of biochar properties 

Proximate analysis of the biochar was conducted in triplicate following American 

Society for Testing and Materials (ASTM) method D5142. Moisture was measured by 

heating the biochar at 105 °C to a constant weight. The dehydrated BC (kept in 

covered crucibles) was then heated in a furnace at 450 °C for 1 h to determine its 

mobile matter based on weight loss. Ash content was then measured after heating the 

Biochar  in uncovered crucibles at 750 °C for 1 h. Finally, resident matter was 

calculated by the difference between the initial weight and the summed weight of 

moisture, mobile matter and ash contents. 
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Figure 10: PJ wood fill in metel kilin to produce biochare 
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Figure 11: Pyrolysis production process 

 

Figure 12: PJ biochare 
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3.4 Data Analysis 
 

The laboratory data obtained from the soil sample was analyzed with one-way 

analysis of variance (ANOVA) using SPSS version 20.0 software to detect whether 

there was significant effect on soil added different rates biochar . In all the analyses, 

confidence level was held at 95% and P<0.05 was set for significance. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



39 

 

4. RESULTS AND DISCUSION 
 

Results of the physicochemical properties of the soil indicated in Table 2 .The soil is 

strongly alkaline (Marx.E.S et al, 1999). As a result calcium can tie up phosphorus, 

making it less available to plants. Additionally, the solubility of many nutrients is 

reduced. As a result, these nutrients are precipitated as solid materials that plants 

cannot use. At high soil pH, the same problem also occurs with phosphorus, 

manganese, zinc, copper, cobalt and boron. The high EC value shows that the soil is 

saline which indicates that the total concentration of the major dissolved inorganic 

solutes (essentially Na+, Mg+2, Ca+2, K+, Cl,SO4
-2 ,HCO3

-,NO3
-and CO3

-) in the soil 

solution is high (Brady and Weil, 2002). Total nitrogen, total organic carbon content 

the studied soil was very low. The exchange complex is dominated by Ca++ followed 

by Mg++, Na++, and K+. This reveals the progress of development of soil sodicity. The 

cation exchange capacity is medium. 
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Table 2 .Physico-chemical Characteristics of the experimental soil 

 

 
 
The physico-chemical properties of biochar used for soil amendment described in 

Table 3.The PJ biochare was neutral pH. Biochars contains higher amount of OC, 

Tot.N and, available phosphorus and also base cation concentration except sodium 

ions. The cation exchange capacity (CEC) was medium level. 

 
 
 

 

 

 

 

Soil 
Parameters 

Values Optimum range for agricultural 
soil 

Rates 

Texture Silty 
Clay 

  

Sandy (%) 6.8   
Silt (%) 46   

Clay (%) 47.2   
 

pH 8.5 5.5-6  
Strongly 
alkaline 

EC(ds-m-1) 9 <2 Saline 

Tot.N(%) 0.06 0.2-0.5  Very 
Low 

Aail.P(ppm) 5.97 20-40 (Bray I)?? Very low 
SOC (%) 0.99 4-10 Very low 

CEC(cmol-Kg-1) 25.85 12-25 Medium 

Ca+2( cmol-Kg-

1) 
28.62 65-80 of soil CEC 110.7 of 

soil CEC 
Mg++(cmol-Kg-

1) 
8.17 10-15 of soil CEC 31.6of 

soil CEC 

K+ ( cmol- Kg-

1) 
2.31 1-5 of soil CEC 8.9  of 

soil CEC 
Na++ cmol/Kg) 5.3 0-1 of soil CEC 20.5 of 

soil CEC 
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Table 3 :  Physico-chemical properties of biochar used for soil amendment 

Soil parameter Value Rating 
Texture Silty Clay (SiC)  
Sand(%) 4.80  
Silt(%) 54.00  

 Clay(%) 41.20  
          Moisture(%) 1  

Ash(%) 4.22  
Mobile Matter( %) 26.6  
Fixed Carbon (%) 68.22  

pH 7.5 Nuetral 
EC(ds-m-1) 3.29 Saline 

Tot.N(%) 0.847 High 

Avai.P(ppm) 24.24 High  

OC (%) 11.20 High 

CEC(cmol-Kg-1) 16.050 Medium 

Ca2+ (cmol-Kg-1) 16.29 High 

Mg2+(cmol-Kg-1) 2.237 High 

K+(cmol-Kg-1) 5.080 Excessive 

Na+(cmol-Kg-1) 1.22 less 

 

4.1. Effect of PJ biochar application on organic carbon, total nitrogen and 

available phosphorus content. 

 

The application of biochar significantly (p<0.05) increased the mean soil organic 

carbon (SOC), total soil nitrogen (TN) and available phosphorus content of soil 

(Table 4).  
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Table 4  Effect of biochar application on SOC, Tot.N and Avail. P 

Biochar Rate SOC(%) Tot N(%) Avail.P(ppm) 

Control 0.9980 0.0633 5.9733 

2.5t/ha 1.0043 0.0863 6.4400 

5t/ha 1.0133 0.0933 7.7267 

7t/ha 1.0167 0.0957 8.0800 

12.5t/ha 1.1410 0.1003 8.9733 

Triplicate mean value  
 

The highest soil organic carbon, Tot.N and available P were recorded in soil treated 

with 12.5t/ha biochar added .The increase in organic carbon, Tot.N and available. P 

perhaps related to the presence of high amount of these in the biochar (refer to the 

biochar physicochemical .data in Table 3). The increased OC, Tot.N and available P 

could be due to the decomposition of biochar added to soil. The highest value of 

organic carbon at biochar treated soil indicate the recalcitrance of C- organic in 

biochar .High organic carbon in soils treated with biochar has been also reported by 

Liang et al. (2006).The increase available P in soils treated with biochar reported in 

this study is comparable to those reported by Laboski and Lamb (2003) and Spychj-

Fabisiac et al. (2005) 

 

4.2. Effect of different level of biochar application on Soil pH and EC 

Application of biochar has significantly (p<0.05) affected the pH and EC of the soil. 

The soil pH and EC were showed a tendency to decrease with increasing biochar 

application rate compared to the control ( Table 5). The lowest mean values of pH 

(6.39) and ECds-m-1 (3.52) were observed in the soil treated with 12.5 t/ha while the 

highest values were recorded in the control. The pH and EC in the control had 8.46 
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and 8.69dS m -1respectively. .However, after the incorporation of biochar and two 

month resting time the pH and EC decreased by 24.5% and 59 % respectively. 

 

Table 5 Effect of biochar application on soil pH and EC (Triplicate Mean) 

Biochar Rate pH EC(ds-m-1) 
Control 8.46 8.6867 
2.5t/ha 7.0900 4.5700 
5t/ha 6.9633 4.2100 

7.5t/ha 6.9067 4.0300 
12.5t/h 6.3900 3.5167 

 

The decrease in pH level can be due to the increase in acidic functional groups 

released during the oxidation process of organic manure and biochar suggested by 

(Liu and Zhang,2012).The reduction in soil pH might be due to release of protons 

(H+) from the exchange sites of biochar ,and due to the proliferation of acid producing 

soil microorganisms(Kim, H.-S., et al.,2015) .It is also likely that the production of 

organic matter present in soil and biochar might have also contributed for the 

reduction in soil pH .There are few studies that have demonstrated a reduction in pH 

due biochar addition in alkaline soils, however, the addition of acid biochar to acidic 

soil has been observed to reduce soil pH (Cheng et al 2008). 

 

Another reason for the decrease of pH might be the reduction of the hydroxyl (OH-) 

ions. This due to biochar contains carbonate and soluble base cations (Van Zwieten et 

al., 2010; Yuan et al., 2011c).The combination of the cations and the soil form 

slightly soluble carbonates and restrict the hydrolyzation of carbonates, while 

decreasing the content of hydroxyl in the soil. Thus, the soil pH was decreased to 

some extent after the addition of biochar. 
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The term salinity refers to the presence of the major dissolved inorganic solutes 

(essentially Na+ , Mg++ , Ca++, K+ , Cl- , SO4 = , HCO3 - , NO3 - and CO3 = ) in 

aqueous samples. As applied to soils, it refers to the soluble plus readily dissolvable 

salts in the soil or, operationally, in an aqueous extract of a soil sample. Salinity is 

quantified in terms of the total concentration of such soluble salts, or more practically, 

in terms of the electrical conductivity of the solution, because the two are closely 

related (US Salinity Laboratory Staff, 1954). Electrical conductivity (EC) is a 

numerical expression of the inherent ability of a medium to carry an electric current. 

EC is commonly used as an expression of the total dissolved salt concentration of an 

aqueous sample. 

 

The EC of the biochar treated soil had progressively decreased when the biochar rate 

increased. The control treatment had 8.67 ds- m -1,level ,however ,after the a treated 

with biochar and for two month the EC level decreased to 3.5167 ds- m -1 in the 

biochar treated with 12.5 t/h and its decreased by 57.7%. The most rapid effect on EC 

was achieved with the highest rate of application (12.5t/ha).  

 

Possible explanation for this include the fact that the exchangeable cations (Ca++, Mg 

++ ) found in the biochar replaced Na+ for soil colloidal absorption ( Wang et al,1997 ) 

and calcium and magnesium salts are more soluble and are easily removed by 

leaching .The findings are not in consistence with many previous reports (Chan et al., 

2008; Laird et al., 2010; Peng et al., 2011; Van Zwieten et al., 2010c) ) result addition 

of biochar increased. 
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4.4 Effect of biochar application on soil Cation  

Exchange Capacity (CEC) 

 

The addition of biochar significantly affected (p<0.05) CEC levels of the soil showing 

a significant increase with increasing rate of biochar (Table 6) application. 

 

Table 6: Effect of different levels of biochar application on soil CEC (triplicate mean) 

 

Bichar Rate CEC(cmol-Kg-1) 
Control 25.0000 
2.5t/ha 27.7500 
5t/ha 28.3167 
7t/ha 30.2167 
12.5t/ha 32.0167 
 
 

As shown in the table the CEC level increased from 25cmol-Kg-1 in control pot to 

32.0167cmol-Kg -1, which is a 28.06% increase. The highest increase in CEC was 

observed in the soil amended with 12.5t/ha biochar (Table 7) .The observed increase 

in CEC is perhaps related to  the inherent characteristics of biochar feedstock‟s, that 

has high surface area which is highly porous possesses organic materials having 

variable charge that have the potential to increase soil CEC (Glaser et al.,2002). 

Studies by Masulil et al. (2010) and Chan et al .al(2008) and Bayu et al. (2015 ) have 

also revealed the increase in soil CEC after the application of biochar. 
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4.5 Effect of biochar application on exchangeable cations and exchangeable 

sodium percentage 

 

The application of  biochar significantly affected (p<0.05 ) exchangeable cations and 

exchangeable sodium percentage(ESP)(Table 7 and 8).Application of 12.5 

t/ha.biochar significantly increased exchangeable ,Ca++, Mg++  and K+ of saline soils 

from 28.62cmol-Kg -1 soil to 51.33 cmol-Kg -1,8.17 cmol-Kg -1 to 13.22 cmol-Kg -1 

and 2.31 to 2.63cmol-Kg -1 

  

Table 7 Effect of biochar application on exchangeable cations (Triplicate   Mean) 

Biochar Rate Ca++(meq/100g 
soil) 

Mg++(meq/100g 
soil 

K+(meq/100g soil) 

Control 28.62 8.17 2.31 
2.5t/ha 38.76 10.06 2.42 
5t/ha 40.75 10.22 2.51 
7t/ha 42.32 10.33 2.57 

12.5t/ha 51.33 13.22 2.63 
 
 

Table 8: Effect of PJ biochar application on exchangeable sodium percentage (ESP) 

(Triplicate Mean) 

Biochar Rate ESP 
Control 18.8215 
2.5t/ha 14.9749 
5t/ha 13.0796 

7.5t/ha 12.0012 
12.5t/h 9.6765 

 
 

/100 g soil respectively. The increase was 79.35% Ca++, 61.81% Mg++ and 13.8 % 

K++. The observed increase in exchangeable cations in the biochar treated soils might 

be attributed to the ash content of the biochar. The ash content of biochar helps for the 
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immediate release of occluded mineral nutrients like K+, Ca+, Mg++ and Na+ for crop 

use (Scheuner et al., 2004; Niemeyer et al., 2005).  

 

ESP decrease more significantly (p<0.05 ) when adding biochar ESP decrease 

from18.82  (untreated ) to 9.67 in PJ biochar added 12.5 tons per hectare ,the decrease 

was 94.6% on one hand ,biochar has a high concentration of exchangeable Ca2+/Mg2+ 

to replace Na+ for soil colloidal absorption (Hu and Wang,1987 ), thus decreasing the 

exchangeable Na+ in the soil. On the other hand, biochar with loose and porous 

texture can increase the total porosity of soil (Lehmann and Joseph, 2009), thus losing 

more exchangeable Na+ during rainfall and reducing the ESP.  
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5. CONCULUSION AND RECOMMENDATION 

 

5.1 Conclusion 
 

The results obtained in this study reveal that application of biochar significantly 

increased soil organic carbon (SOC), total nitrogen, available phosphorus, cation 

exchange capacity (CEC) and exchangeable cations.  On the other hand the findings 

of biochar application significantly decreased soil pH and EC which is important to 

ameliorate a saline soil. The current study also demonstrated that biochar can be a 

useful alternative to ameliorate saline soils that are become serious problem in the 

middle Awash Valley. Many commercial farms are being abandoned due to salinity 

problem and drainage is an expensive option to reclaim the saline soils. Hence, the 

study highlights the possibility of using biochar as more effective means of treating 

saline soils. 

 

However, the limitation of the study is that the maximum rate (12.5t/ha) is still too 

small to get the maximum effect. But due to resource limitation did not allow the 

student to have greater volume of biochar than this was a potential suitable candidate 

amendment like lime for reclaimed salinity of soils because it improved the 

physicochemical properties of the soil .Especially biochar was a good amendment for 

salinity this due to biochar decreased ESP. Biochar also a readily available source of 

K and P. The presence of plant nutrients and ash in the biochar, high surface area and 

porous nature of the biochar are identified as the main reasons for the increase in soil 

properties .Biochar effects on saline soil where unlike those reported for acidic soils 

pH changes and EC decreased.  
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5.2 Recommendation 

Promising and encouraging results on effects of biochar on saline soil under 

greenhouse conditions indicate a need for long-term studies and field 

experiment 
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APPENDIX 
 
Appendix 1: Definition 
 

Definition of Soil Health 

Soil health is defined as the capacity of soil to function. Functions of soil include 

sustaining biological productivity, regulating water flow, storing and cycling 

nutrients, and filtering, buffering, and transforming organic and inorganic materials. 

Soil also functions as a habitat and genetic reserve for numerous organisms (Doran et 

al., 1996). 

 Biochar Characteristics 

 

Prosopis is widely grown in many parts of Afar and Dire dew and it is available in 

large quantities The laboratory result data obtained from PJ woody biochar presented 

in table 8 The biochar was alkaline character (7.5)  in  nature indicated by the pH in 

distilled water (H2O). Proximate analysis of the biochar showed that the moisture 

content was 1 % by mass, while the ash content, volatiles, and fixed C contents were 

4.22, 26.6, and 68.22 % respectively  
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          Appendix 2: laboratory result 
 

R

a

t

e 

R

e

p. 

TEX.CL

ASS 

SAND SILT CLAY Tot.

N(%) 

Avail.

P(pp

m) 

OM(

%) 

OC(%

) 

CEC(m

eq/10

0g soil 

Na+(m

eq/10

0g/soil

) 

K+(me

q/100

g/soil 

Mg++(

meq/1

00g/so

il 

Ca++m

eq/10

0g/soil 

pH EC ESP 

 

SAR 

1 1 SiltyClay 4.80 42.00 53.20 .06 5.84 1.71 .99 24.00 4.78 2.21 4.83 9.96 8.5 8.4

6 

19.92 1.7

6 

1 2 SiltyClay 8.80 42.00 49.20 .06 6.48 1.72 1.00 26.00 4.50 2.33 9.92 38.54 8.3 9.4

6 

17.31 .91 

1 3 SiltyClay 8.80 40.00 51.20 .07 5.60 1.73 1.00 25.00 4.81 2.40 9.77 37.36 8.5 8.1

4 

19.24 .99 

2 1 SiltyClay 4.80 50.00 45.20 .10 5.98 1.75 1.01 25.25 4.11 2.44 10.03 38.84 7.03 5.3

3 

16.28 .83 

2 2 SiltyClay 8.80 44.00 47.20 .08 7.30 1.73 1.00 28.00 4.12 2.43 10.10 38.72 7.02 4.6

3 

14.71 .83 

2 3 SiltyClay 6.80 42.00 51.20 .08 6.04 1.72 1.00 30.00 4.18 2.40 10.05 38.73 7.22 3.7

5 

13.93 .85 

3 1 SiltyClay 4.80 50.00 45.20 .11 8.48 1.72 1.00 30.00 3.77 2.52 10.27 40.37 7.01 4.1

3 

12.57 .75 
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3 2 SiltyClay 8.80 42.00 49.20 .08 7.34 1.76 1.02 29.00 3.79 2.50 10.21 41.49 6.98 4.5

0 

13.07 .75 

3 3 SiltyClay 10.80 44.00 45.20 .08 7.36 1.76 1.02 25.95 3.53 2.52 10.19 40.38 6.90 4.0

0 

13.60 .70 

4 1 SiltyClay 8.80 42.00 49.20 .10 8.64 1.74 1.01 30.35 3.73 2.53 10.31 43.00 6.93 3.1

3 

12.29 .72 

4 2 SiltyClay 4.80 44.00 51.20 .08 7.80 1.74 1.01 30.05 3.51 2.56 10.28 42.34 6.87 4.2

7 

11.68 .68 

4 3 SiltyClay 8.80 44.00 47.20 .11 7.80 1.78 1.03 30.25 3.64 2.61 10.41 41.63 6.92 4.6

9 

12.03 .71 

5 1 Clay 12.00 38.00 49.00 .09 8.64 2.07 1.20 33.65 2.72 2.66 12.65 50.00 6.02 2.9

3 

8.08 .49 

5 2 Clay 24.8 30.00 45.20 .10 9.32 1.74 1.01 31.55 3.07 2.62 12.01 49.00 6.10 4.3

8 

9.73 .56 

5 3 Clay 10.80 36.00 53.20 .11 8.96 2.09 1.21 30.85 3.46 2.61 15.00 55.00 7.05 3.2

4 

11.22 .58 
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 Appendix 3 Analysis of variance (ANOVA) for soil organic carbon, total nitrogen 

and available phosphorus 

 
 Sum of 

Squares 
df Mean 

Square 
F Sig. 

OC 

Between 
Groups 

.043 4 .011 4.165 .031 

Within 
Groups 

.026 10 .003 
  

Total .069 14    

TN 

Between 
Groups 

.003 4 .001 5.001 .018 

Within 
Groups 

.001 10 .000 
  

Total .004 14    

AVP 

Between 
Groups 

17.982 4 4.495 14.603 .000 

Within 
Groups 

3.078 10 .308 
  

Total 21.060 14    
 

 
 

 

Appendix 4 Analysis of variance(ANOVA) for soil pH  and EC 
 

 Sum of 
Squares 

df Mean 
Square 

F Sig. 

pH 

Between 
Groups 

1.125 4 .281 3.990 .035 

Within Groups .705 10 .070   
Total 1.829 14    

EC 

Between 
Groups 

52.625 4 13.156 27.376 .000 

Within Groups 4.806 10 .481   
Total 57.431 14    
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Appendix 5 Analysis of variance (ANOVA) for CEC 
 
 
 
 Sum of 

Squares 
df Mean 

Square 
F Sig. 

Between 
Groups 

84.096 4 21.024 7.913 .004 

Within Groups 26.570 10 2.657   
Total 110.666 14    

 
 
   

Appendix 6 Analysis of variance (ANOVA) for exchangeable cations 
 

 Sum of 
Squares 

df Mean 
Square 

F Sig. 

Na 

Between 
Groups 

4.381 4 1.095 27.260 .000 

Within Groups .402 10 .040   
Total 4.782 14    

K 

Between 
Groups 

.185 4 .046 19.062 .000 

Within Groups .024 10 .002   
Total .209 14    

Mg 

Between 
Groups 

39.185 4 9.796 4.504 .024 

Within Groups 21.751 10 2.175   
Total 60.936 14    

Ca 

Between 
Groups 

794.385 4 198.596 3.641 .044 

Within Groups 545.433 10 54.543   
Total 1339.818 14    
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Appendix 7 Analysis of variance (ANOVA) for Exchangeable Sodium Percentage 

(ESP) 

 

 

 Sum of Squares df Mean Square F Sig. 

Between Groups 141.942 4 35.486 29.207 .000 

Within Groups 12.150 10 1.215   

Total 154.092 14    

 
 
Appendix 10 Analysis of variance (ANOVA) for sodium adsorption ratio (SAR) 

ANOVA 

SAR 

 Sum of Squares df Mean Square F Sig. 

Between Groups .774 4 .193 4.371 .027 

Within Groups .443 10 .044   

Total 1.217 14    
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