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ABSTRACT 
Effects of soil depth and farm management on selected soil physiochemical properties 
including SOC at coffee farm must be evaluated for sustainable coffee productionand 
enhanced SOC storage. To this end, the research aimed at investigating the vertical 
distribution of SOC as influenced by soil managements and selected other physiochemical 
properties of soil under coffee plantation at Shada kebele, Tello district, Kaffa, south-
western, Ethiopia. 31 households were surveyed to collect soil management practices of the 
study area. Systematic simple random sampling technique used to execute household survey. 
Farm was stratified into three blocks. Systematic and grid sampling technique used to suite 
farm for further allocation of sampling blocks followed by simple random sampling technique 
to select sampling plots. Then, 27 discrete soil samples at soil depth0-15 cm, 15-30cm and 
30-60 cm collected and composited at study area and taken to Soil Fertility Laboratory of the 
ECDSWC for further analysis. Soil fertility of the study area is decliningas the result of poor 
farm management. Therefore, coffee yield is below the national average. SOC, TN, sand and 
silt highly significantly and inverselyassociated with soil depth. Whereas, soil pH weakly 
negatively and insignificantly, BD and clay contents highly positively and significantly 
associated with soil depth. TN, sand and silt content highly positively and significantly 
associated with SOC. Soil pH weakly positively and insignificantly, BD and clay highly 
negatively and significant associated with SOC. SD affects soil physiochemical properties 
including SOC both negatively and positively. Also soil physiochemical properties affectSOC 
both negatively and positively.Poor farm management practices of the area should be 
improved to increase coffee yield and SOC. 

Key words: Soil depth, soil organic carbon, total nitrogen, soil pH, soil bulk density and soil 
textures. 
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CHAPTER ONE 

1. INTRODUCTION 

1.1. Background of the Study 
Agricultural soils are among the planet’s largest reservoirs of carbon and hold potential for 

expanded carbon sequestration, and thus provide a prospective way of mitigating the 

increasing atmospheric concentration of CO2andit stores more carbon than the atmosphere 

and the above-ground vegetation together(Söderström et al., 2014). Conversely, the soil also 

emits CO2 back to the atmosphere due to SOM decomposition (Ahmed Chinadet al., 

2018).Agricultural practices have also the potential to store carbon in the soil and plants, and 

thus help mitigate climate change, increase soil fertility and water-holding capacity, improve 

yields and good nutrition, create drought-tolerant soils and restore degraded cropland and 

grasslands and nurturing biodiversity, with positive consequences on local economies. 

Together these represent an across-the-board winning set of solutions (Stefan Schwarzer, 

2019).Soil organic matter consists of about 50% carbon and therefore soils play crucial role 

in regulation and mitigation of the climate change. Soil organic matter also enhances soil 

moisture content and retains nutrients loss through leaching in addition of nutrient cycling 

through organic matter decomposition. The end results would be carbon sequestration (i.e., 

climate change mitigation) and increased crop yields (Abreham Berta et al., 2020). However, 

land use changes and soil management practices may reduce the crop residues recycling back 

into the soil thus leading to a depletion of organic matter and alter the physicochemical 

properties predisposing it to erosion by runoff water. A number of agricultural practices are 

also known to stimulate the accumulation of additional soil organic carbon such as under the 

coffee plantations with shade trees but its effects vary with soil depth (Michel, 2001). 

Additionally, in sub-Saharan Africa, limited knowledge on the state of soil fertility and the 

extent of depletion remains a major challenge to crop production (Bekunda M.et al., 2002). 

Therefore, knowledge on soil fertility status is crucial for effective land resource management 

as well as ensuring sustainable agricultural productivity and environmental health (Andre 

Bationo, 2004). 

Ethiopia is the origin of coffee (Coffee arabica) where the crop is cultivated as home garden 

and forest coffee in the tropical rainforest areas. The total area of land planted by coffee is 

estimated at about half million hectares (Muriel, 2006). Various authors, including Dixon 
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(1995) and Brown (1997) had pressed the importance of conducting researches on 

quantifying the amount of organic carbon that stored in forest based systems including agro 

forestry systems as a means of establishing the economic value of the environmental services 

they provide. However, the soil fertility management practices and soil organic carbon 

content of the coffee plantations are not properly quantified. Studies also show limitations 

regarding quantifying soil organic carbon content under coffee plantation under changing soil 

fertility management practices. This study was therefore designed to study in a soil organic 

carbon content and soil physicochemical properties under coffee farm selected as case study 

farm in Shada kebele of Tello district, Kafa zone, south-western Ethiopia. By making a rapid 

assessment of the soil fertility management of coffee farms employed by farmers, the study 

examined how much organic carbon could be stored in the soil under coffee farm and what 

management practices are most favourable for increased SOC content and coffee production.  
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1.2. Statements of the Problem 
A few research works have been done regarding factors (such as soil depth and soil fertility 

management practices) affecting soil physiochemical properties including OC content in soil 

under coffee plantation in Kaffa zone which stimulated to begin the research in the area. 

Quantifying the soil organic carbon under coffee plantation was particularly important in 

order to mitigate current climate change, enhance soil fertility for sustainable crop 

productivity. Evaluation of soil depth effect on the physiochemical properties including 

particle size distribution, bulk density, organic carbon (OC), soil pH, and total nitrogen (TN) 

of the soil under coffee plantation was also very crucial concept. In addition to this, 

determining the impacts of physiochemical properties of soil under coffee plantation on soil 

organic carbon content was another big challenge to be addressed. How soil fertility 

management practices of coffee farms affect selected soil physical and chemical properties 

including OC content of the soil must be determined. Moreover, generalizing the importance 

of farm management system of the farmers around the study area to retain escaping CO2 from 

the coffee soil and for better coffee production was also important to be evaluated. However, 

previously, these important attributes had barely been quantified, evaluated and identified, 

therefore, current research tried to address. 

1.3. Significance of the Study 
The research sorted out the soil depth and soil management practices effect on soil 

physiochemical properties including OC and also selected soil physical and chemical 

properties effects on OC at the study area. Therefore, it provides additional baseline 

information to farmers, investors, researchers, other interested parties and government about 

soil depth and soil management practices effect on selected soil physicochemical properties 

including OC under coffee plantations for its application and for further studies. It also has 

applicable and important information for government, investor and farmers around the study 

area and region to undertake suitable soil management measures in boosting coffee yields to 

get household level income and foreign hard currency too. Therefore, given the fact that 

coffee is the most important export item, improved soil fertility management practices as a 

proxy measure for soil physicochemical properties are crucially important for the country’s 

and households’ income through increasing coffee yield. At the same time, the determined 

OC to retain and increase its content in the soil under coffee plantation has the mitigating 

potential of an increasing amount of CO2 in the atmosphere thereby contributing towards 

reducing climate change impacts which in turn exert negative impacts on coffee production. 
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Thus, knowledge of soil depth and soil physiochemical properties as the main determinants of 

soil fertility are helpfulin planning and implementing of an appropriate soil management 

practices to rehabilitate depleted soil fertility under coffee plantation to enhance soil 

productivity for sustainable coffee production. These are, therefore, helpful to take important 

measures on further soil management practices and cope up outreaching effects of current 

climate change. 

1.4. Scope of the Study 
This study attempted to examine soil organic carbon content along with selected physical and 

chemical properties of the soil under a coffee plantation along with assessing soil fertility 

management practices generally employed by farmers in Tello district of Kaffa zone. The 

SOC content and selected other soil physical and chemical properties were assessed across 

three depth intervals (0-15, 15-30 and 30-60 cm). The case study farm was a private 

investment coffee farm and covers 102.35 ha. Thirty farmers around the study area and one 

coffee investor, in whose farm soil samples were taken, were reached through questionnaires. 

1.5. Limitations of the Study 
The researcher encountered some shortcomings in conducting this study. Financial constraint 

prohibited the researcher from collecting more soil samples. Due to financial short coming, 

some essential parameters (physical, chemical and biological soil properties) which are 

factors for soil organic carbon content were also not analyzed in the laboratory. It also 

hindered the researcher not to undertake extensive questionnaire survey on soil management 

practices around the study area. Therefore, all attributes which had not covered by current 

research were left for other researchers to consider in their study. Lack of adequate literatures 

on soil organic carbon contents and soil management under coffee plantations in Ethiopia 

were also another pressing challenge. However, the researcher implemented various 

mechanisms to overcome financial shortage through deploying different financial sources, 

even though, it was not enough to widen questionnaire survey, take more soil samples and 

test other determent factors of organic carbon in soil under coffee plantation by minimizing 

them to less manageable size and using literatures from other sources. 
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1.6. Objectives of the Study 

1.6.1. General Objective 
The general objective of the study was to determine the vertical distribution of soil organic 

carbon as influenced by soil managements and selected other physical and chemical soil 

properties under coffee plantation at Shada kebele, Tello district, Kaffa, south-western, 

Ethiopia. 

1.6.2. Specific Objectives 
 To examine physical and chemical properties of the soil in relation to soil 

depth under coffee plantation in a case Assefa Dukamo investment coffee 

farm at Shada kebele;  

 To determine vertical distribution of soil organic carbon content in relation 

to other soil properties under coffee plantation; 

 To make a rapid assessment of soil management practices employed by 

farmers in the coffee plantation in the study area. 
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1.7. Hypothesis 
The study was laid down to test the following alternative hypothesis: 

A. Soil physical and chemical properties under coffee plantation varies 

significantly with soil depth  

B. The null hypothesis states that there is no significant effect of soil depth on 

important soil physical and chemical properties and soil organic carbon content. 
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CHAPTER TWO 

2. LITERATURE REVIEWS 

2.1. Soil Fertility Challenges and Management Practices in Ethiopia 
Agriculture is the core driver and the backbone of Ethiopia’s economy and long-term food 

security and food provision (Gebrehiwot& van der Veen, 2013). However, the sector 

continues to face a set of constraints that restrict further and accelerated growth (Gete Zelleke 

et al., 2010) and consequently cannot cover the food requirements of the country’s population 

(Adimassu et al., 2014). Challenges of soil fertility decline in Ethiopia are related to cultural 

cropping practices like traditional cultivation, removal of vegetative cover (such as straw or 

stubble), burning plant residues as practiced under the traditional system of crop production 

or the annual burning of vegetation on grazing lands. These are the major contributors to the 

loss of nutrients (Bahilu Bezabih et al., 2016). Additional factors attributing to the low level 

of agricultural productivity and food insecurity in Ethiopia include land degradation, climatic 

change and variability, low application of inputs and political instability (Miheretu &Yimer, 

2017). Similarly, soil fertility decline in south-western Ethiopia were due to deforestation, 

land fragmentation, overgrazing, low fertilizer inputs, inadequate soil and water conservation 

practices and cropping of marginal lands. All of these have resulted in lowering of 

agricultural production which is leading to food insecurity and increased poverty (Barry and 

Ejigu, 2005). Inappropriate land use, overgrazing, deforestation and continuous cultivation of 

the same land without appropriate and sufficient management also lead to soil degradation 

and its consequences like depletion of nutrients and reduction of output (Kebede et al., 2013). 

Soil fertility degradation is the most serious bio-physical constraint limiting crop productivity 

in Ethiopia. Thus, the soil fertility decline in the country is the one and major environmental 

challenge among the other that threatens agricultural productivity and the livelihoods of 

millions of rural households (Dereje Guteta Ameya, 2016).Land degradation is the long-term 

decline in the productivity of the land due to human activities, exacerbated by natural 

processes (Tesfahunegn, 2018), and includes all the processes that reduce the productive 

capacity of land resources and their ability to perform essential functions (Taddese, 2001). 

These processes include soil erosion, soil nutrient depletion, reduced availability of soil 

water, deforestation and loss of soil biodiversity (Hurni et al., 2010). In line with soil fertility 

degradation, land degradation has also negative impact on soil productivity. Thus the soil in 

cropping land of the Ethiopia is not sufficiently fertile to support the required level of food 
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production. In general, the causes of soil fertility degradation in Ethiopia are also complex 

and diverse. Therefore, soil fertility degradation is the result of complex interaction between 

physical, chemical, biological, socio-economic and political issues of local, national or global 

nature (Mulatu F. et al., 2014). The severity of the soil fertility declining problem is also 

(Adugnaw B., 2014) partly attributed to anthropogenic factors, such as land use and land 

cover change, overgrazing, over cultivation, farming of fragile steep slopes and inappropriate 

soil management practices. Due to the strong association that exists between land use and soil 

properties, land use change from natural ecosystem to agricultural landscape is also one of 

the major human induced factors that threaten soil nutrient content in Ethiopia (Bekele& 

Holden, 2000). The issue of soil fertility degradation in Ethiopia is so far is vital since the 

livelihood of the biggest portion of the country’s population and the overall economy of the 

country depends on agriculture. Its serious effects on crop production and food security of the 

country made it the issues of all stockholders (Addise Ermias, 2014). In response to soil 

fertility loss in Ethiopia, integrated soil fertility management (ISFM) project was initiated in 

2009 which is a set of soil fertility management practices that necessarily include the use of 

fertilizer, organic inputs, and improved seed combined with knowledge on how to adapt these 

practices to local conditions, and aiming to maximize agronomic use efficiency of the applied 

nutrients and thus crop productivity. It is often believed that crop production systems that 

play an important role in restoring soil fertility and availability of plant nutrients and thus 

enhancing crop growth and productivity (G. Agegnehu et al., 2014).Another soil fertility/land 

management practice, which is sustainable land management (SLM) was adopted and  

received an increasing emphasis in the country’s development agenda that aims at bringing 

sustainable agriculture and food security among subsistence smallholder farmers and were 

implemented as part of Ethiopia’s agricultural extension programs for individual farm-

households (Meskerem Abi Teka, 2019). Many efforts were also made to improve soil 

fertility and agricultural productivity under the framework of national economic development 

strategy of the country (Kassa B., 2003). Agroforestry land use system is one of the others 

soil fertility management practices and the most holistic, economically feasible and 

environmentally sustainable soil fertility management practice to tackle soil infertility 

problems of the country and address various soil fertility management strategies (Kang B. 

&Akinnifesib F., 2000). It is also thought to be an irreplaceable option for soil fertility 

management in the highly dissected topography and increasingly fragmented land units due 

to population pressures in the Ethiopian highlands (Badege& Abdu, 2003). However, without 
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due scientific experimentation, wider adoption/adaption in the country, all soil fertility 

practices have been resulting less fruits (Tesfaye A. et al., 2006). 

2.2. Soil Management Effect on the Physiochemical Properties of the Soil 
Soil management is important, both directly and indirectly, to crop productivity, 

environmental sustainability, and human health (Philip J. White et. al., 2012). Poor and 

inappropriate soil management is the main cause of physical and chemical degradation of 

cultivated land. Increasing population pressure, particularly in vulnerable regions of Africa 

has caused serious soil productivity decline especially under extensive farming practices. 

This is manifested by declining yields, decreasing vegetation cover, salinization, and fertility 

decline and increasing erosion (H. Nabhan et al., 1999). The practice of inappropriate 

methods of soil preparation and tillage was identified by Agriculture Organization of the 

United Nations (FAO, 1997) as one of the main causes of soil degradation in various parts of 

Africa. Accordingly, this practice entails a rapid physical, chemical and biological 

deterioration of the soils and consequent declines in agricultural productivity and 

deterioration of the environment. FAO concluded that the development of applied research 

concerning soil tillage and associated soil management and conservation practices focused on 

combating the serious and accelerated soil degradation processes occurring in Africa, has 

been severely limited by a lack of both professional and technical staff trained in soil 

conservation techniques. Similarly, a lack of effective policies and strategies for long term 

sustainable rural and agricultural development is another pressing debate of Africa on 

effective soil resource management (FAO, 1997). Information about best soil management 

practices for sustainable crop production and the priority on which soil management systems 

can sustain or improve the physical and chemical attributes of the soil and the development of 

the viable soil management strategies in turn should be given a due attention all over the 

world (D. R. Lammel et al., 2015). In Ethiopia, pressure on landscape stability is extremely 

high where there is a sharp increase in population density (Thiemann et al., 2005). This has 

been causing intensive land utilization and forest clearing for cultivation even in areas that 

are not practical for agriculture (Simane et al., 2003). Various farming practices undertaken 

by farmers in the country brought disturbances to the ecosystems particularly on soils by 

disrupting the stable natural biogeochemical processes of nutrient cycle, causing rapid 

nutrient depletion (Yengoh et al., 2012) and attributing to changes on the landscape 

characteristics (Alemu B.et al.,2015). Variation due to soil management practices in the 

physiographic of agricultural lands has an enormous influence on soil properties and plant 
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production (Dessalegn D. et al., 2014). The involvement of farmers in different soil 

management practices and land use types put impact on soil fertility and productivity 

(Yitbarek T. et al., 2013). However, it is difficult to define high quality soil since soil has 

multiple functions and integrated attributes (Papendick and Parr, 1992). But, high quality 

soils generally share several common physical and chemical characteristics. A soil with high 

quality in physical characteristic, usually has good tilth, sufficient depth, good drainage, and 

is resistant to soil fertility decline, adverse changes in pH or salinity, flooding, erosion, and 

deterioration of the soil’s structural condition. Similarly, a soil with high quality in chemical 

characteristic include sufficient but not excessive levels of nutrients and little or no chemicals 

or toxins that may harm plants (Zhou, Shuang, 2017). Evaluation of the effects of different 

soil management systems on soil condition is crucial for monitoring and understanding the 

impact of management practices on soil properties and sustainability of soil productivity 

(Karlen et al., 2013). Soil management practices certainly affect physiochemical properties of 

the soils. Among the soil chemical properties which is affected by soil management practices 

is soil organic matter and it is the key quality factor affecting the physical, chemical and 

biological properties of soil often defined as a series of fractions with different rate of 

decomposition (Rosell et al., 2001). Accordingly, the soils managed in sustainable and 

conventional farming systems with organic practices have high levels of organic matter and 

total nitrogen (Arévalo-Gardini E.et al., 2015). Others soil physical properties which are 

mainly affected by soil management practices are soil bulk density and texture. Soil bulk 

density is a major factor in soil compaction and obviously be changed almost immediately 

following tillage-induced soil disturbance. It reduces the transportation of water and air 

through the soil and consequently contributes to the decline in nutrients content in soil, which 

in turn leads to a decrease in crop yield (Doran and Parkin, 1996). Similarly, the physical 

fractions of soil which are affected by management system such as: the clay, sand and silt 

fractions are the most important component of soil and have consequences in agriculture and 

the environment (Anna M.et al., 2015). Hence, before going to put in practice specific soil 

management intervention, information concerning landscape features of agricultural fields 

and farmers’ soil management practices is very relevant (Fanuel Laekemariamet al., 2016). 

Similarly, reversing the process of soil degradation and sustaining crop productivity through 

soil management and biodiversity conservation are important aspects of food security (H. 

Nabhan et al., 1999). Conservation tillage and managed farming systems contribute to 
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preventing CO2 emissions to atmosphere for climate change mitigation, land productivity and 

soil fertility too (Smith P. et al., 2000). 

2.3. The Role of Agricultural Soil in Storing Organic Carbon 
Soil organic carbon is a portion of soil organic matter supplied into soil by decomposition of 

organic materials and influenced by plants, gas exchanges, agriculture, and fossil fuel 

consumption (Brady and Weil, 2002).  Soil organic carbon plays a major role in the global 

carbon cycle (Lawrence C.R. et al., 2015) to remove carbon from the atmosphere to mitigate 

climate change (Brian W. et al., 2019) and critical for soil function, soil quality and it 

provides aggregation and stability for better soil structure (Brady and Weil, 2002). Soil 

organic carbon may be broken down into three distinct fractions such as active, intermediate, 

and/or passive (Lawrence C.R. et al., 2015). The active and intermediate fractions are located 

in the upper 1 meter of soil and are often called labile SOC. The passive fraction of SOC is 

often found below 1 meter and considered chemically stable humus that is very resistant to 

decomposition from microorganisms (Chandler Rebecca Drayton, 2016). Subsurface soils 

have a greater capacity for additional SOC storage and the age of SOC frequently increases 

with increasing depth and is typically more stable than SOC near the surface (Hobley et al., 

2014). Vertical patterns of SOC can also contribute as an input or as an independent 

validation for biogeochemical models and thus provide valuable information for examining 

the responses of terrestrial ecosystems to global change (E. Jobbagy, 2008). Ignoring the 

subsurface soil depth effects on SOC, soil organic carbon accounting is usually focused on 

the surface soil horizons to 30 cm depth. In most soils, management effects on soil carbon at 

depth are minimal compared to changes that occur in the topsoil and consequently most 

information on soil carbon responses to different management practices are limited to the 

upper soil horizons 0–30 cm depth, therefore, predictions of SOC in deeper layers are less 

common (Brian W. Murphy et al., 2019). However, the SOC content decreases with 

increased soil depth (N. Dahal and R. M. Bajracharya, 2013) and its concentration also 

decrease with soil depth, and however, the greatest concentration founds in the 0–10 cm 

topsoil (Gandhiv Kafle, 2019). Accordingly, the soil depth influences the percent of soil 

organic carbon and soil organic carbon stock (Mohammed Mussa et al., 2017). In line with 

soil depth, the concentration of SOC in the organic layer (O-horizon) is much higher than in 

mineral soil horizons. its concentration in horizon A is higher than in horizons B and C, while 

the SOC concentration in horizon C is almost the same as in horizon B. similarly, the SOC 
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density is not as different as that of the SOC concentration among horizons due to the 

increase in bulk density with depth (Hossain M. F et al., 2007). 

2.4. Role of Coffee Plantation Based Agriculture in Storing Organic Carbon 
Coffee based agricultural soil contributes to climate change mitigation either by preventing 

emissions or by sequestering storing organic carbon (Smith P.et al., 2000). Traditionally, 

coffee is grown under the shade of natural unaltered forest canopy, where the composition 

and structure of the forest remains intact. Like other land use system that employ a woody 

component, shade grown in coffee plantation contribute to the removal of carbon from the 

atmosphere and store in soil (Lenka Ehrenbergerova et al., 2016). Coffee plants grown in the 

shade suffer less from environmental stresses and have higher biochemical and physiological 

potential for carbon fixation compared with coffee plants grown in the direct sun light. Shade 

grown coffee plants also produce larger and heavier beans with better cup taste than coffee 

plants grown in the direct sun (Adugna D. Bote and Paul C. Struik, 2013). Native forest and 

coffee based agro forestry also contained significantly higher SOC as compared to the annual 

crop field land but there was no significant difference between coffees based agro forestry 

and native forest (Mohammed A and Bekele L., 2014). According to Stefan Schwarzer 

(2019), agro forestry is the intentional integration of trees and shrubs into crop and animal 

farming systems which can create multiple environmental, economic and social benefits. It 

also increases soil organic carbon and can sequester between 0.2 and 5.3 GtC per year in 

soils. A study conducted by Fournier L. (1996) in Ciudad Colon, Costa Rica, found that a 

shade grown coffee farm employing Erythrina poeppigiana shade trees contains 198 t C ha-1 

including all aboveground, root, soil and leaf litter components. Similarly, in a study of the 

shade-coffee production systems of the Valle Central, Costa Rica, Avila Vargas (2000) 

reported a total soil organic carbon stock of 195 t C ha-1 when coffee is grown under the 

shade of Erythrina poeppigiana, and 168.74 t C ha-1 when grown under Eucalyptus deglupta. 

Márquez L. (1997) reported that coffee grown under the shade of Inga and Musa species in 

Guatemala contains a total carbon stock of 115.5 t C ha-1, including all above and 

belowground components. Also in Guatemala, Alvarado J. et al., (1999) reported that coffee 

agro ecosystems contain, on average, 91.64 t C ha-1; including all system components 

(species of shade trees employed are not specified). Lastly, in a study conducted on coffee 

farms employing different types of shade trees in the Matagalpa region of Nicaraguan, Suarez 

Pascua (2002) also reported a range in carbon storage from 144.7 t C ha-1to 166.7t C ha-1. 

Furthermore, this study found that 75-97 % of the carbon stored in the farms examined 
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resides in the soil, 5.6-14 % in the shade trees, 2.3-3.9 % in the leaf litter, and 0.1-1.5 % in 

the coffee bushes. 

2.5. How Soil Organic Carbon Content Varies with Soil Depth 
Soil organic carbon is a portion of soil organic matter supplied into soil by decomposition of 

organic materials and influenced by plants, gas exchanges, agriculture, and fossil fuel 

consumption (Brady and Weil, 2002).  Soil organic carbon plays a major role in the global 

carbon cycle (Lawrence C.R. et al., 2015) to remove carbon from the atmosphere to mitigate 

climate change (Brian W. et al., 2019) and critical for soil function, soil quality and it 

provides aggregation and stability for better soil structure (Brady and Weil, 2002). Soil 

organic carbon may be broken down into three distinct fractions such as active, intermediate, 

and/or passive (Lawrence C.R. et al., 2015). The active and intermediate fractions are located 

in the upper 1 meter of soil and are often called labile SOC. The passive fraction of SOC is 

often found below 1 meter and considered chemically stable humus that is very resistant to 

decomposition from microorganisms (Chandler Rebecca Drayton, 2016). Subsurface soils 

have a greater capacity for additional SOC storage and the age of SOC frequently increases 

with increasing depth and is typically more stable than SOC near the surface (Hobley et al., 

2014). Vertical patterns of SOC can also contribute as an input or as an independent 

validation for biogeochemical models and thus provide valuable information for examining 

the responses of terrestrial ecosystems to global change (E. Jobbagy, 2008). Ignoring the 

subsurface soil depth effects on SOC, soil organic carbon accounting is usually focused on 

the surface soil horizons to 30 cm depth. In most soils, management effects on soil carbon at 

depth are minimal compared to changes that occur in the topsoil and consequently most 

information on soil carbon responses to different management practices are limited to the 

upper soil horizons 0–30 cm depth, therefore, predictions of SOC in deeper layers are less 

common (Brian W. Murphy et al., 2019). However, the SOC content decreases with 

increased soil depth (N. Dahal and R. M. Bajracharya, 2013) and its concentration also 

decrease with soil depth, and however, the greatest concentration founds in the 0–10 cm 

topsoil (Gandhiv Kafle, 2019). Accordingly, the soil depth influences the percent of soil 

organic carbon and soil organic carbon stock (Mohammed Mussa et al., 2017). In line with 

soil depth, the concentration of SOC in the organic layer (O-horizon) is much higher than in 

mineral soil horizons. its concentration in horizon A is higher than in horizons B and C, while 

the SOC concentration in horizon C is almost the same as in horizon B. similarly, the SOC 
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density is not as different as that of the SOC concentration among horizons due to the 

increase in bulk density with depth (Hossain M. F et al., 2007). 

2.6. Soil Management Effects on SOC Content 
Human induced land degradation is a serious global threat that increases vulnerability to 

climate change and depletes soil fertility with resultant low agricultural productivity (Scherr 

and Yadav, 1995 as cited by Teklu Erkossa et al., 2018). Accordingly, current climate change 

is a major driver of shifts in land use and land covers (Shurong Yang et al., 2018). Therefore, 

land use land cover has a major impact on the global biogeochemical cycle and imposes 

change on soil carbon storage, net primary productivity and soil respiration (Chuluun T. and 

Ojima, D., 2002). Carbon emissions resulting from land use and land cover changes are the 

second largest anthropogenic source of C emissions to the atmosphere, after emissions from 

fossil fuel combustion (FAO, 2017). Land use conversion significantly influences the 

terrestrial ecosystem structure, which makes the contribution of soil organic carbon stock 

(Bolin B. and Sukumar R., 2000). Microclimate, soil variation, and organic matter input are 

affected by land uses that impact SOC decomposition (Ariel E.L. and Mary J.S., 1986 and 

Schlesinger W.H., 1986). SOC decreases sustainably when natural ecosystems are subjected 

to human disturbance or converted into agriculture land use system (Zhu X. and Han X.Z., 

2008). Land management affects carbon sequestration or loss rates as well as the release of 

other greenhouse gases from soils, which are in turn also affected by climate change (ECCP, 

2003). Soil organic carbon turnover is a function of the input of residues and other organic 

matter as opposed by decomposition rates, which are, in turn, modified by soil management, 

and interactions with site conditions, climate and vegetation. Therefore, intensive arable 

farming depletes the soil organic carbon stocks and favours topsoil and subsoil compaction. 

Also intensive tillage to loosen the soil again further depletes organic carbon contents and 

weakens soil. However, conservation tillage is important soil management system that 

promotes soil structure and restricted organic matter over turn for organic carbon storage 

(Kirchmann and Andersson 2001). 
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2.7. Role of Organic Carbon for Climate Change Mitigation, Soil Fertility and 
Sustainable Coffee Production 

According to European climate change programme working group (ECCP, 2003); organic 

carbon stock in agricultural soils has potentially significant contribution to climate change 

mitigation. Carbon dioxide is removed from the atmosphere and converted to carbon through 

the process of photosynthesis. Agriculture activities serve as both sources and sinks for 

greenhouse gases including carbon dioxide. Agriculture sinks of greenhouse gases are 

reservoirs of organic carbon that have been removed from the atmosphere through the 

process of biological carbon sequestration. Several farming practices and technologies can 

reduce greenhouse gas emissions and prevent climate change by enhancing carbon storage in 

soils; preserving existing soil organic carbon; and reducing carbon dioxide and other 

greenhouse gases emissions. Thus it has the role of climate change mitigation (Jeff 

Schahczenski and Holly Hill, 2009). Globally, accumulated organic carbon in arable lands 

contributes to the mitigation of greenhouse effect and a concomitant improvement in soil 

fertility (Y. Liao et al., 2015). Therefore, soil organic carbon is a major component of the 

organic fraction in soil and it positively affects a number of physical, chemical and biological 

soil properties and, consequently, soil functions. Moreover, it importantly maintains soil 

functions with regard to habitat, biological diversity, soil fertility, crop production potential, 

erosion control, water retention, matter exchange between soil, atmosphere and ground water 

and also has the filtering, buffering and transforming capacity (ECCP, 2003). Accordingly, 

organic carbon is a critical component of soil vitality and has crucial role to our ability to 

produce food. It also provides a further regulating ecosystem service, valued as the avoided 

damage from global climate change. As the result, organic carbon in soil and its ability to 

regulate ecosystem, it is critical natural capital and vital for regulating biophysical processes 

and ultimately human wellbeing. Therefore, soil organic carbon in the soil is all about life in 

earth. In addition to this, types of organic matter in soil which consists 55–60% organic 

carbon by mass is an enormous range of compounds and properties that collectively influence 

and govern major soil functions that affect plant growth, element cycling and ecosystem 

carbon balance (P. Alexander et al., 2015). Soil organic carbon is also important for all three 

aspects of soil fertility, namely chemical, physical and biological properties of soil. It 

enhances nutrient availability and because of this, decomposition of soil organic matter 

releases nitrogen, phosphorus and a range of other nutrients for plant growth. It also promotes 

soil structure by holding the soil particles together as stable aggregates and improves soil 
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physical properties such as water holding capacity, water infiltration, gaseous exchange, root 

growth and ease of cultivation. As a food source for soil fauna and flora, soil organic matter 

plays an important role in the soil food web by controlling the number and types of soil 

inhabitants which serve important functions such as nutrient cycles and availability, assisting 

root growth and plant nutrient uptake, creating burrows and even suppressing crop diseases. 

Soil organic matter can also lessen the effect of harmful substances e.g. toxins, and heavy 

metals, by acting as buffers, e.g. sorption of toxins and heavy metals, and increasing 

degradation of harmful pesticides. As the result, Soil organic carbon is the basis of 

sustainable agriculture (Yin Chan, 2008). According to Weil R. R and Magdoff F. (2004), 

soil OC is one of the most complex and heterogeneous components of soils and is considered 

an important attribute of soil quality or soil health due to the various functions it provides and 

supports. It makes the soil to sink for and source of carbon and nitrogen; regulates 

phosphorus and sulphur cycling in the soil; and the provision of microbial and faunal habitat 

and substrates also important function of SOC. It also affects aggregate stability, traffic 

ability, water retention and hydraulic properties in the soil. Therefore, its role now widely 

recognized. SOC plays an important role in soil biological (provision of substrate and 

nutrients for microbes), chemical (buffering and pH changes) and physical (stabilization of 

soil structure) properties. In fact, these properties, along with SOC, N and P, are considered 

critical indicators for the health and quality of the soil. Soil quality as the capacity of soil to 

produce economic goods and services and to regulate the environment the term “soil quality” 

has been refined and expanded by scientists and policy makers to include its importance as an 

environmental buffer in protecting watersheds and groundwater from agricultural chemicals 

and municipal wastes and sequestering carbon that would otherwise contribute to a rise in 

greenhouse gases and global climate change (Evelyn S. et al., 2004). 
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CHAPTER THREE 

3. RESEARCH METHODS 

3.1. Description of the Study Area 
The study was carried in the Shada kebele of Tello district, under Kaffa zone south-western 

Ethiopia. The case study farm where soil samples were collected is located at Assefa Dukamo 

investment coffee farm around Bitino river with geographical bounds of 70 60' to 70 70' N and 

360 22' to 360 23' E (figure 1). The district had a total population of 63,252. Of which 31,387 

were males and 31,865 females. Shada is the small administrative kebele in the district with a 

total population 2,382. Out of the total population, 1,206 were males and 1,176 were females 

and it had 539 households (CSA, 2008). The study area covered 102.35 ha with altitude 

ranges from 1,571 masl to 1,646 masl. Location map of the study area is shown in Fig. 1.

 

Figure 1: Map Showing the Location of the Study Area in Tello district, Kaffa zone 
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The study farm was covered by relatively dense vegetation. The vegetation in the study farm 

where soil samples were collected consisted tree species that perpetuate naturally with less 

human interventions with vertical (tree canopy) and horizontal (herbs and shrubs) strata and 

high litter and leaf falls and deposited (Appendix C). A farm/land in which coffee plants were 

grown under shade tree species made the farm/land the multiple canopy layers along with the 

remnant trees (Appendix D). The farm/land mainly evolved through tinning of natural forests 

into coffee plantation before 15 years ago. 

3.2. Sampling Design 

3.2.1. Household Survey on Soil Fertility Management Practices 
Both open and close ended questionnaires were prepared to collect data from farmers around 

the study site on soil management systems, soil fertility status, coffee yield and implication 

for soil organic carbon status at study area. To get relatively representative samples out of 

539 households (CSA, 2008) in Shada kebele, sample size was determined by using the 

formula designed by Yamane T. (1967). Then, starting sampling unit (household) was 

obtained by using simple random sampling technique. One after the next selection strategy 

was designed by researcher to obtain remaining households to collect essential information 

through both open and close ended questionnaires. 

3.2.2. Soil Sampling Design 
Geographic coordinate points of the study coffee farm were taken by using GPS. Geographic 

coordinate points taken by GPS were converted into Arc Map Interface by Arc GIS 10.5 

version software to create study area map and to diminish the farm size (original farm size: 

102.35 ha) into 89.9 ha in order to reduce edge effects during sampling stage. Within 89.9 ha 

farm; relatively equally three strata (blocks) were formed to homogenize the farm in order to 

achieve a greater precision in estimating population by using stratification sampling method 

(Dalenius T. and J.L. Hodges Jr. 1959) in consideration spatial (altitude) variation. The strata 

(blocks) were given codes B1 for block 1, B2 for block 2 and B3 for block 3. In each stratum, 

nine square (Yfantis A.A. et al.,1987) blocks were formed by using systematic and gird 

sampling method (Wolter K.M., 1984) to suite the area for further allocation of sampling 

blocks. These were given codes B11 to B19, B21 to B29 and B31 to B39 as shown in fig 2. 

Then, three sampling blocks for block 1: B13 (70.04' 87"N and 360.25'96"E), B14 (70.04' 82" 

N and 360.25'62" E) and B 19 (70.04' 83" N and 360.24'78" E); for block 2: B22 (70.05' 63" N 

and 360.24'68" E), B26 (70.05' 63" N and 360.26'03" E) and B28 (70.05' 09" N and 360.25'83" 
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E) and block 3: B31 (70.05' 87" N and 360.25'88" E), B35 (70.05' 85" N and 360.24' 74" E) 

and B37 (70.05' 57" N and 360.25' 80" E) (totally nine square blocks from three strata)were 

allocated by using simple random sampling techniques (USEPA, 2002) as shown in fig 2. 

 

Figure 2: Figure shows Sampling Design in the Study Area 

3.3. Sample Collection 

3.3.1. Household Sampling 
Data on farm management, soil fertility, coffee yield and implication for soil organic carbon 

around the study area were assumed as important to support soil survey. According to 

Yamane T. (1967) formula (n= N/1+N (e) 2), 38 respondents were to be interviewed. 

However, due to financial constraint and deliberate purpose to include house hold survey 

around the study farm, researcher confined only on 31 households to collect essential farm 

information. Accordingly, out of 539 households in Shada kebele, 30 farmers around the 

main farm and one farm manager were interviewed. The starting household to collect 

necessary farm data was selected using simple random sampling method. Then, the data from 

remaining households were collected by following one after the next household selection 

strategy designed by researcher. Assefa Dukamo coffee farm manager assisted me since he 

knows well the villages in the Shada kebele. 

3.3.2. Soil Samples Collection 
Prior to soil sampling, a transect walk supported by key informant was done in the study area. 

Then, sampling pits were cleared from living and dead plant residues and litters. Using auger, 
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250 grams (Carbon Farming Initiative, 2014) discrete soil samples (disturbed) at 0-15 cm, 15-

30 cm and 30-60cm soil depths (Beldina A.et al., 2014) were collected from randomly 

allocated square blocks at the centre of the blocks. Totally, 27 discrete soil samples from each 

stratum (9 from B1, 9 from B2 and 9 from B3) at the soil depth 0-15 cm, 15-30 cm and 30-60 

cm were collected and uniformly mixed at study site to form all 9 composite soil samples 

(Figure 3). The purpose to use composite soil sampling technique was to represent the 

average conditions in the sampled soils (USEPA, 2005). All collected and uniformly mixed 

composite soil samples were packed in plastic bags and recorded for identification. Then, all 

collected soil samples brought to soil fertility laboratory of the Ethiopia construction design 

and supervision works corporation. Finally, physiochemical properties of the soil (which 

were assumed as factors for soil organic carbon content) under coffee plantation were 

analyzed. 
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Figure 3: Figure shows uniformly mixing of Discrete Soil Sample to create Composited 

Samples 

3.4. Laboratory Analysis 
The soil samples were analysed at soil fertility laboratory of the Ethiopia construction design 

and supervision Works Corporation following standard procedures as outlined in Van 

Reeuwijk L. (2006). Soil physical properties were analyzed for bulk density by core method 

(Blacke and Hartage, 1986) and soil texture by hydrometer method (Klute, 1965). Soil pH 

was measured potentiometrically in deionized water with a soil-solution ratio of 1:2.5 (Van 

ReeuwijkL., 2006). On the other hand, soil organic carbon was determined by Walkley and 

Black rapid titration method (Walkley& Black, 1934). Since the Walkley and Black method 

shows a lower organic carbon measurement due to incomplete oxidation, conversion was 

made by multiplying a factor of 1.1359(Carbon Farming Initiative, 2014). The total nitrogen 

(TN) content was estimated using the Kjeldahl method (Jackson, 1965). 

3.5. Statistical Analysis 
One-way analysis of variance (ANOVA) was used to analysis SOC content and other soil 

physical and chemical properties across soil depth intervals; Two-way analysis of variance 

(ANOVA) also were performed to test effect and interaction of soil depth on selected soil 

physiochemical properties and the effects and interactions of some selected soil 

physiochemical properties on SOC. Descriptive statistics (percentage, mean, median, etc.) 

was applied to analyse household survey data on soil fertility management practices along 

with the household and farm characteristics using SPSS statistical package version 20. Then, 

the final results were presented in tables and therefore, interpreted accordingly. All statistical 

tests were evaluated at the 95% confidence level. 
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CHAPTER FOUR 

4. RESULT AND DISCUSSION 

4.1. RESULT 

4.1.1. Farmers and Farm Characteristics of the Study Area 
The data on household survey on coffee farm management with regard to soil fertility is 

presented in (Table 1). The minimum and the maximum land holdings (coffee farm size) in 

the study area within farmers were 0.25 ha and 4 ha respectively with an average holding 

1.48 ha. However, the coffee farm, in which the soil samples were collected, was a 

commercial scale farm with a size of 102.35 ha. According to data collected from farmers 

and investor, the land uses types before being transformed into coffee plantations, were 

natural forest and individual farms (responded by 3 farmers). No one of respondents was 

claimed that the farms had under plantations or grazing or other type of land use before 

coffee plantation (Table 1). Methods of land/farm preparation to plant coffee seedlings were 

raised to know if there any significant changes had been imposed on soil properties. Based on 

this, all respondents indicated that their coffee plantation processes were done through 

tinning some trees and slashing shrubs. No one among them also reported that the farm 

preparation was done through clearing the natural forest and planted in the forest without any 

actions (Table 1). In regard to stands age, 4 (12.9%) respondents have reported that their 

coffee farms were aged less than five years whereas, 19 (61.3%) farmers replayed that their 

coffee trees were less than 5-10 years. About 7 (22.6%) farmers told that their coffee trees 

were between 10-15 years and only 1 (3.2%) who was investor indicated that his coffee trees 

ages were within 15-20 years’ intervals (Table 1). As far as tillage practices of farmers 

around the study area concern, about 28 (90.3%) farmers were practicing Zero tillage and 

only 3 (9.7%) farmers were using minimum tillage to remove weeds from their coffee farm 

(Table 1). About 19 (61.3%) of farmer at study area were not conducting coffee pruning 

practices. However, 7(22.6%) and 4 (12.9%) farmers reported that they were pruning their 

coffee trees every one year and every two years respectively. In addition, one respondent who 

is a commercial farmer, where case study was conducted, reported to do pruning his coffee 

trees every five years (Table 1). Regarding the use and type of shade trees in coffee farms, it 

was responded by 31(100%) farmers that they had shade trees in their coffee plantations, 

which were further confirmed through transect walk by the researcher. The most dominant 

tree species used as shade trees were the broad-leaved tree species such as Cordia africana 
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(wanza), Ficus sur (shola), Ficus vasta (warka), Erythrina brucei (Korch), Croton 

macrostachyus (Bisana), Prunus africana (tikur enchet), Milletia ferniginea (birbira), and 

Hagenia abyssinia (Kosso) (Table 1).   

Table 1. Farm Management Aspects: Age, Type of Tillage, Frequency of Tinning, 

Frequency of Pruning and Shade Trees  

Farm characteristics  
Response 

Frequency Percent 

1. Land holdings (ha) 
  

0.25-1 17 54.8 

1.25-2 9 29.1 

2.25-4 4 12.9 

102.35 1 3.2 

Average   1.48 ha 

2. Land use before coffee plantation     

Natural forest 28 90.3 

Individual farm 3 9.7 

1. Methods of farm preparation to plant coffee trees     

Tinning some trees and coffee seedlings were planted 31 100 

2. Age of coffee trees     

Less than five years 4 12.9 

5 to 10 years 19 61.3 

10 to 15 years 7 22.6 

15 to 20 years 1 3.2 

3. Types of tillage used by farmers     

Zero tillage 28 90.3 

Minimum tillage 3 9.7 

4. Frequency of pruning coffee trees     

Every one year 4 12.9 
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Every two years 7 22.6 

Every five years 1 3.2 

No pruning 19 61.3 

5. Existence of shade trees 31 100 

4.1.2. Soil Fertility Management Practices by Farmers and Coffee Yield in the 

Area 

With regards to the fertilizer use and soil fertility status, the survey data showed that no 

farmers had been applying mineral fertilizers and organic fertilizers such as compost to their 

coffee farms (Table 2). However, farmers’ fertilizer and compost applications were directed 

to cereals fields (maize, teff) and coffee gardens were left under the shade trees only. As 

result, soil fertility of their coffee farms have been declining as perceived and reported by 26 

(83.9%) respondents out of 31 farmers surveyed. Consequently, dry coffee beans yield per 

hectare were 0-2.67 q/ha, 2.68-4q/ha and 4.1-5.76 q/ha as reported by 6 (19.4%), 15 (48.4%) 

and 10 (32.2%) farmers including investor respectively with an average 3.54 q/ha. The 

investor farmer where the case study was conducted also harvests 5.76q/ha (Table 2).  

Table 2. Soil Fertility and Productivity Data 

Collected  data on soil fertility and productivity 
Response 

Frequency Percent 

1. Fertilizer 

application 

Application of  

mineral fertilizer 
no application 31 100 

Application of organic 

fertilizer such as 

composite? 

no application 31 100 

2. Soil fertility 

status 

Increasing 5 16.1 

Decreasing  26 83.9 

3. Yearly Yield of 

coffee per hectare 

(q/ha)  

      

Category 1 0-2.67 6 19.4 

Category 2 2.68-4 15 48.4 

Category 3 4.1-5.76 10 32.2 

Average 3.54 q/ha   31  100 
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4.1.3. Relationship between Soil Depth and SOC Content 

Based on laboratory results, soil organic carbon at surface (0-15 cm) soil layer showed 

remarkably higher content (4.69%). However, it values were dropped in soil depth between 

(15-30 cm; 2.53%) and (30-60 cm; 1.51%) with an overall average content (2.91%). A 

changing trend on organic carbon observed in all soil profile exhibited a higher content at top 

soil layer than the associated bottom soil layers. According to statistical analysis (ANOVA), 

change in organic carbon contents across the soil depth indicated tendency toward 

statistically significant, but more than p- value (p > 0.05; Table 3). 

4.1.4. Relationship between Soil Depth and TN 

Similar to SOC, the total nitrogen content at top soil layer (0-15 cm) was relatively higher 

(0.55%) compared to the subsequent soil depths (15-30 cm; 0.30%) and (30-60 cm; 0.18%) 

respectively with an overall average value (0.35%). Accordingly, the trend showed that total 

nitrogen content in soil under coffee plantation decreased with increased soil depth. Based on 

the statistical analysis (ANOVA), change in total nitrogen across the soil depth indicated 

tendency toward statistically significant in its variation along the soil depths, but more than p- 

value (p > 0.05; Table 3). 

4.1.5. Relationship between Soil Depth and Soil pH 

The measured value for soil pH at top soil layer was slightly high (0-15 cm; pH = 5.98) than 

the subsurface soil layers (15-30 cm; pH = 5.97) and (30-60 cm; pH = 5.86) respectively 

with an overall average value (pH = 5.94). Generally, decreasing trends in soil pH was 

observed with increasing soil depth in all measured soil profiles. However, change in soil pH 

across the soil depth, showed statistically insignificant variations at p > 0.05 (Table 3).  
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Table 3. SOC Content and Selected Soil Chemical Properties under Coffee Plantation 

Soil depth (cm) Soil –pH (H2O) SOC (%) TN (%) 

0-15 5.98 4.69 0.55 

15-30 5.97 2.53 0.30 

30-60 5.86 1.51 0.18 

Mean 5.94 2.91 0.35 

Stand Error 0.1 0.61 0.07 

p-value 0.46 0.07 0.06 

F- value 0.65 4.137 4.556 

However, based on analysis carried out by two-way analysis of variance (ANOVA), both 

soil organic carbon and total nitrogen contents along the soil depths showed highly 

significant and inverse relationship. However, soil pH showed negatively insignificant 

correlation with soil depth (Table 4). 

Table 4: Relationship between Soil Depth and Selected Soil Chemical Properties 

Variables  
Number of 

composite samples 
Correlations Sig 

Soil depth and Soil organic carbon 9 -0.75 0.02 

Soil depth and Total nitrogen 9 -0.76 0.03 

Soil depth and Soil Ph 9 -0.34 0.37 

4.1.6. Relationship between Soil Depth and Soil Physical Properties 

Table 5 presented the texture distribution and bulk density by soil depth. Accordingly, the 

mean value for soil bulk density at surface (0-15 cm; 0.98 gm/cm3) soil profile was less 

than the subsequent soil depths such as: 15-30 cm; 1.06 gm/cm3 and 30-60 cm; 1.08 

gm/cm3with an overall average value (1.04 gm/cm3). The variations of bulk density along 

with soil depth were increasing with increased soil depths. Similarly, clay content at top 

soil layer (0-15 cm; 23.86%) showed the lesser value (0-15 cm; 23.86%) than the 

succeeding soil profiles such as: 15-30 cm; 41.67% and 30-60 cm; 55.24% respectively. 

Therefore, the trend of clay soil contents was increasing along with the increasing soil 

depth. On the analysis carried out by one-way analysis of variance (ANOVA), both bulk 

density and clay soil content showed statistically nearly significant (p = 0.08) variations 
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with increased soil depths (Table 5). Unlike, bulk density and clay soil contents, sand and 

silt soil contents at top soil depth (0-15 cm; sand = 33.54 % and silt = 42.59%) showed the 

higher values and both decreased respectively at middle (15-30 cm; sand = 19.45% and silt 

= 38.87%) and bottom soil layers (30-60 cm; sand = 14.73% and silt = 30.02%). 

Accordingly, both sand and silt concentrations in soil under coffee plantation showed the 

decreasing trend along with soil depth from top to subsequent soil layers. On the analysis 

carried out by one-way analysis of variance (ANOVA), sand content was decreased 

statistically insignificantly (p =0.12) across the soil depth (Table 5). Whereas, silt content 

decreased statistically significantly (p =0.05) with increasing soil depths (Table 5).  

Table 5. Selected Soil Physical Properties by Soil Depth under Coffee Plantation 

Soil depth (cm) 
Particle size distribution (%) 

Bulk density (g/cm3) 
Sand Silt Clay 

0-15 33.54 42.59 23.86 0.98 

15-30 19.45 38.87 41.67 1.06 

30-60 14.73 30.02 55.24 1.08 

Mean 22.57 37.16 40.26 1.04 

Stand Error 3.98 2.35 6.01 0.02 

P-value 0.12 0.05 0.08 0.08 

F-value 3.04 5.02 3.98 4.06 

Unlike one-way analysis of variance (ANOVA), analysis carried out by two-way variations, 

both soil bulk density and clay soil contents showed highly positive and significant 

correlations with soil depth (r = 0.72 and r = 0.75 at p = 0.03 and p = 0.02) respectively. 

Whereas, both sand and silt soil contents showed highly significant and negative 

correlations with soil depth (r = -0.68 and r = -0.77 at p = 0.04 and p = 0.01) as presented 

on Table 6 respectively. 
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Table 6: Correlations between Soil Depth and Selected Soil Physical Properties 

 
Variable 

Number of 

samples 
Correlations Sig 

Soil depth & Soil bulk density  9 0.725 0.027 

Soil depth & Sand 9 -0.682 0.043 

Soil depth & Silt 9 -0.77 0.015 

Soil depth & Clay 9 0.753 0.019 

4.1.7. Relationship between SOC and Other Selected Soil Physiochemical 

Properties 

According to one-way analysis of variance (Table 3), the content in soil organic carbon, 

total nitrogen and soil pH across soil depth were decreased along with increased soil depth. 

The amount variation of organic carbon and total nitrogen along the soil depth were 

statistically at borderline of significance (p =0.07 and p = 0.06). Whereas, decreasing 

amount in soil pH with decreasing amount of organic carbon was highly insignificant (p > 

0.05) from surface soil profile to subsequent soil profile (Table 3). On other hand, the two-

way analysis of variance showed that the change in soil organic carbon and total nitrogen 

along the whole soil depth decreased highly significantly at p < 0.05 and the correlation 

between organic carbon and total nitrogen was very strong and positive (r = 0.99; Table 7). 

Less likely, soil pH correlated weakly positively (r = 0.06) and insignificantly (p >0.05) 

with soil organic carbon as it had showed by one-way analysis of variations (ANOVA). 

However, soil depth showed highly negative (r = 0.75) and significant (p = 0.02) 

correlation with soil organic carbon. Therefore, organic carbon content at study coffee farm 

showed the decreasing trend as parallel to both total nitrogen and soil pH contents along 

with an increasing soil depths (Table 3). On other hand, one-way analysis of variance 

(ANOVA) showed that the change in organic carbon and soil bulk density along with 

increased soil depth were nearly significant at p= 0.07 and p = 0.08 respectively (Table 3 

and 5). Accordingly, the soil organic carbon decreased nearly significantly (p = 0.07) from 

surface soil profile (0-15 cm; 4.69%) to middle soil layer (15-30 cm; 2.53%) and 

subsurface (30-60 cm; 1.51%) soil profiles (Table 3). In contrast, the bulk density increased 

nearly significantly (p =0.08) from top soil layer (0-15 cm; 0.98gm/cm3)to middle (15-30 

cm; 1.06 gm/cm3) soil layer and to subsurface (30-60 cm; 1.08 gm/cm3) respectively (Table 
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5). Like bulk density, clay soil content variations showed nearly significantly (p = 0.08) the 

increased trend across the soil depth (Table 5). However, organic carbon showed nearly 

significantly (p= 0.07) a declining trend towards the increasing soil depth (Table 3). On 

other hand, sand and silt contents along with organic carbon implied the declining trends 

across the soil depth (Table 3 and Table 5). The declining trend of silt along with organic 

carbon across the soil depth was significant at p = 0.05. Whereas the declining trend in sand 

content was insignificant (p = 0.12) along with organic carbon across the soil depth (Table 

3 and 5). However, based on two-way analysis of variance, sand and silt showed highly 

significantly (p<0.05) strongly positive correlations (r = 0.841 and r = 0.78) with organic 

carbon (Table 7). Whereas, bulk density and clay showed highly significant and highly 

inverse correlations (r =- 0.86; at p< 0.05) with soil organic carbon (Table 7). 

Table 7: Correlations among Organic Carbon, Soil Depth and Other Selected 

Physiochemical Properties of the Soil 

Variables 

Number of 

composite 

samples 

Correlations Sig 

Soil depth and Soil organic carbon 9 -0.75 0.02 

Total nitrogen and organic carbon 9 0.99 0.00 

Soil pH and organic carbon 9 0.06 0.87 

Soil bulk density and Soil organic 

carbon 
9 -0.857 0.003 

Sand and soil Organic carbon 9 0.841 0.004 

Silt and soil Organic carbon 9 0.786 0.012 

 Clay and Soil organic carbon 9 -0.865 0.003 
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4.2. DISCUSSION 
The research was aimed at looking into the vertical distribution of soil organic carbon as 

influenced by soil managements and selected other physical and chemical soil properties 

under coffee plantation at Shada kebele, Tello district, Kaffa, south-western, Ethiopia. To 

achieve at this objective, soil management practices data of the study area were gathered 

through both open and closed questionnaires and transect walk as well. In addition, some 

selected physiochemical properties of the soil data from the study area (such as: soil organic 

carbon, total nitrogen, soil pH, soil bulk density and soil texture) were collected and analysed 

in soil laboratory. The results obtained from analysis of soil samples and questionnaire 

surveys through statistical instruments were presented in pervious sections as described in 

result sub section. Accordingly, from the results, it was realized that the independent 

variables showed both direct and indirect correlations with dependent variable (soil organic 

carbon). Many scholars and researches finding worldwide proven that independent variables 

used by researcher above are factors that can affect the soil organic carbon content. Since the 

objective of this research was to determine the vertical distribution of soil organic carbon as 

influenced by soil management practices and selected other physical and chemical soil 

properties under coffee plantation, the researcher tried to supplement the previous findings 

with other research works. The especial things with this research was accounting soil organic 

carbon content in coffee farm at three soil depths (0-15 cm, 15-30 cm and 30-60 cm); 

identifying the soil management practices effects on organic carbon content in coffee soil and 

evaluating the effect of organic carbon in soil for climate change mitigation, soil fertility and 

soil productivity. 
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4.2.1. Farmers’ and Farm Characteristics Response for Soil Management and 

SOC 

The farmers’ and farm characteristics of the study area were assumed as prominent factors 

indicating an appropriate farm management practices for sustainable agriculture and 

enhanced organic carbon content in the soil. To this end, all of the respondents except one 

were males with younger and Middle ages higher than the older ages with an average age 

38.9 (appendix B). Similarly, literate numbers of the respondents were also greater than the 

illiterates (appendix B). It is expected that farmers with younger ages and literate are more 

suitable to extension service and enthusiastic for soil fertility management practices for 

sustainable crop production. However, farm management practices at study area were 

handled poorly and the harvests (3.54 q/ha) of coffee beans were also less than the national 

(7.48q/ha) average (Mekonnen et al., 2018; Table 2). Land holdings (the size of land owned 

by each farmer) have the significant role for sustainable soil fertility management. 

Accordingly, majority (17; 54.8%) of the farmers have owned 0.25 -1 ha with an average 

land holdings 1.48 ha (Table 1) which is beyond the national average (0.98 ha) of rural land 

holdings (USAID, 2004). Therefore, the land size owned by farmers might have an 

encouraging or discouragingrole for proper management of their soil fertility for sustainable 

coffee production. However, farm management practices conducted by the farmers at study 

area with average land holdings beyond the national average were seen as poor and 

inefficient for enhanced coffee production and soil organic carbon storage.  

4.2.2. Stand Age Effect on Soil Organic Carbon Content 

The stand age of coffee trees in the study area found at various age groups. Majority 

(responded by 19 farmers) of the stand ages of coffee around the study area was found 

between 5- 10 years’ age classes. The coffee plantations which are planted in the farm from 

which the soil samples were collected had longer age than the farmers’ coffee tree ages (15-

20 years old; Table 1). In this farm, coffee seedlings were planted in the same year and had 

no stand age variations to compare its effect on soil organic carbon content. However, 

previously conducted research (Li D.et al., 2012) reported stand ages of coffee trees affect 

SOC content in the soil. It also contributes to SOC change dynamics even though the 

relationship between stand age and SOC content is not necessarily linear. Accordingly, SOC 

content initially drops following plantation of trees due to soil disturbance during the initial 

stage of land use conversion and later gradually increases. Another research work reported 
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soil organic carbon in the soil with young coffee plantation is higher than the old age coffee 

plantation and came up with conclusion that the soil organic carbon content always differs 

under different coffee tree ages (J S Ogeh and RR Ipinmoroti, 2015). Unlike the result found 

by above authors, current research was assumed the older coffee trees stands had contributed 

for increased amount of organic carbon in the study area since coffee trees with older ages 

relatively has longer roots and send their roots into deeper soil layer. Thus, the age of coffee 

trees contributed to currently obtained result in the study area and assumed the higher organic 

carbon content found by former research (J S Ogeh and RR Ipinmoroti, 2015) in younger 

coffee plantation might be attributed to accumulated results of past forest cover over the year. 

Whereas, the lower soil organic carbon found in the older coffee plantation might be 

attributed to stem from the long period of oxidation of organic materials than being added to 

the soil over the years.  

4.2.3. Pruning and Its Implication to SOC Content 

The practice of pruning has huge implications as the braches, twigs and leaves are mulched 

onto soil and thus increases organic matter thereby an increased surface-layer SOC content 

(Nilovna Chatterjee et al., 2019). However, the majority of farmers (61.3 %; Table 1) yet not 

started pruning their coffee trees and not yet realized the important roles of pruning for soil 

fertility management to sustainable coffee yields and increase soil organic carbon content. In 

addition to this, the intervals of pruning at the area differ from farmers to farmers and 

investor and not uniform. Also the pruning practice in the area is not common. This is 

worrying especially in the light of the fact that most farmers do not also practice pruning for 

leaf mulching as organic input to the soil. As result, soil fertility of their coffee farms have 

been declining as perceived and reported by 26 (83.9%) respondents (Table 2). Fertilizer and 

compost applications were also directed to cereals fields (maize, teff) and coffee gardens 

were left under the shade trees only. As result, coffee yields was reportedly low with an 

average of 3.54 q/ha (Table 2). The investor farmer where the case study was conducted 

harvests 5.76 q/ha (table 3). However, the soil organic carbon obtained in study area is 

assumed and might be attributed to less pruning practices which were done by farm owner. 
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4.2.4. Land Cover Change Effect on SOC Content 

Conversion (deforestation) of natural vegetation for agriculture resulted in a strong decrease 

in SOC content and creating a loss of 50 to 61% of the original SOC content (H. C. 

Hombegowda et al., 2016). Similarly, other researchers (Garima Sharma et al., 2019) by 

using a land sat thematic mapper (TM) at the period of 1993–2003, observed higher loss of 

SOC when dry deciduous forest was changed to other land use types such as cropland, 

scrubland, fallow land, and thorn forest. Conversely, they recognized prominent rate of SOC 

gain at 2003–2014, due to conversion of cropland to dry deciduous forest, scrubland to dry 

deciduous forest, fallow to dry deciduous forest, crop land to plantation, and thorn forest to 

dry deciduous forest. In line with the above research out comes, land use/land cover of the 

study area before being transformed into coffee plantations was natural forest (responded by 

28 farmers; 90.3%) and individual farms (responded by 3 farmers; Table 1). The signatory 

old remaining big trees in the farm where soil samples collected and farmers’ lands were also 

observed. This was evidently assured that the farms were not under plantations or grazing and 

other land uses/land cover before coffee plantation. In addition to this, the coffee plantation 

processes were also done through tinning of some tree branches and slashing shrubs (Table 

1). Therefore, farms were not as the result of deforestation of natural forest. Accordingly, 

many researches pronounced land use/cover profoundly promotes soil organic carbon loss; 

however, there were not major land use/cover change realized at study area. Therefore, 

current research assumed as no major content change to organic carbon in study area since no 

major land cover change were obtained. 

4.2.5. Importance of Shade Trees for SOC Content 

Regarding the use and type of shade trees in coffee farms, it was responded by 31 (100%) 

farmers that they had shade trees in their coffee plantations, which were further confirmed 

through transect walk by the researcher. Shade trees are important factors for coffee yield and 

soil organic carbon content compared to open growing coffee. They enhance soil quality and 

create a suitable environment for coffee production to harvest quantity and quality coffee 

grains. In agreement to this assumption, (Lenka Ehrenbergerova et al., 2016) reported coffee 

under shade trees store more carbon than open space coffee plantations. Shade trees in the 

coffee plantation also enhances coffee production and organic carbon content by increasing 

organic matter in the soil through leaf litters drops compared to openly planted coffee. 

Adugna D. Bote and Paul C. Struik (2013) were also reported coffee plants grown in the 
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shade had higher biochemical and physiological potential for carbon fixation compared with 

coffee plants grown in the direct sun light. Similarly, many other researchers, Fournier L. 

(1996), Alvarado J. et al., (1999) and Suarez Pascua (2002) were also reported the coffee 

grown under the shade trees more store organic carbon than open grow coffee plantations. 

Thus, trees (shade trees) which were found in the study coffee farm had very crucial role and 

good contribution for detected organic carbon in the study area (2.91%; Table 3). The most 

dominant tree species used as shade trees were the broad-leaved tree species such as Cordia 

africana (wanza), Ficus sur (shola), Ficus vasta (warka), Erythrina brucei (Korch), Croton 

macrostachyus (Bisana), Prunus africana (tikur enchet), Milletia ferniginea (birbira), and 

Hagenia abyssinia (Kosso) (Table 1). However, shade trees which were mentioned by 

farmers and observed by researcher were not purposively planted as shade trees and they 

were very aged and pre-existed. Out of observed trees in the study farms, Cordia africana, 

Erythrina brucei, Croton macrostachyus and Milletia ferniginea were only previously (Sigrun 

Wagner et al., 2019) reported as shade trees.  

4.2.6. Effect of Tillage on SOC Content 

Agricultural practices such as tillage methods are conventionally used for loosening soils to 

grow crops. At the same time, long-term soil disturbance by tillage is believed to be one of 

the major factors reducing SOC in agriculture. Therefore, reduced tillage that reduce soil 

disturbance are essential to improve soil quality and health for agricultural sustainability, 

increasing crop yield, improving SOC and reducing the greenhouse gases (RK Naresh et al., 

2017). However, data collected through questionnaire revealed that no intensive tillage had 

been undertaking at all respondents' farm. Accordingly, only three farmers out of 31 

respondents (Table 2) were using minimum tillage. Therefore, tillage practice at study area 

was not assumed as it had significant impact on soil organic carbon. However, if it were 

undertaken intensive tillage practices in the area, it was certain to impose negative impacts on 

organic carbon content in the soil. Similarly, Anders Ekbom (2008) reported soil 

conservation investments such as good ground cover from crops and conservation tillage 

significantly increase carbon concentrations in the soil. Conversely cultivation of coffee 

would aggravate the loss of organic carbon content in the soil. Other researchers through 

experimental investigation, Hernanz et al. (2009) as cited by N. A. Minase et al., (2014) 

reported the continuous tillage reduces organic carbon content in the soil. Soil under zero 

tillage had more organic carbon than minimum tillage and conventional tillage. Thus, the 
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depth of ploughing and types of tillage has a significant impact on organic carbon storage in 

the soil.  

4.2.7. Impacts of Fertilizers on Soil Organic Carbon 

The advent of fertilizers in agriculture has dramatically increased global agricultural 

productivity and simplified management by providing crops with readily available nitrogen, 

an element essential to plant growth. But from an ecological perspective, this shift in 

management represents an enormous change in the nutrient balance in soil ecosystems with a 

potential to affect soil carbon dynamics (Daniel Kane, 2015). In line with this, the research 

work conducted in India reported a 28.3% decreased soil organic carbon with an application 

of inorganic nitrogen fertilizers to the soil repeatedly (Hati K.M.et al., 2008). However, other 

research work found linearly an increased soil organic carbon with an application of N 

fertilizers. They noted that an N fertilizer has a positive impact on the SOC pool (Rasmussen 

& Rohde, 1988). Similarly, other research work reported a soil amendment with mineral 

fertilizers (NPK) increased organic C concentration (Yu H.et al., 2012). Accordingly, an 

application of mineral fertilizer has both negative and positive effects on organic carbon 

concentration in soil. Therefore, the effect of mineral fertilizers on the SOC might differ on 

the specific soil characteristics and climate conditions. In current research, farmers around the 

study area were responded that they had not been started using both chemical and organic 

fertilizer such as compost to their coffee trees (Table 3). Whereas, they were letting all plant 

residues including leave dropped from the coffee trees and shade trees on the farm. Due to 

this, all farmers except 5 answered that their soil fertility had been decreasing throughout the 

years since they started coffee plantation. Therefore, no application of inorganic fertilizer 

decreased soil fertility in the study area. As the result, the reported average coffee yield (3.54 

q/ha; Table 2) which is below the national average was attributed to ignorance of inorganic 

fertilizer and organic fertilizer. In agreement with current research work, Frances Hoyle 

(2013) reported an application of inorganic fertilizers to low fertility soils could sometimes 

promote microbial activity and soil organic matter decomposition where nutrients were 

limiting and support greater plant productivity. Unlike the current assumption, Arévalo-

Gardini et al., (2015) reported an application of synthetic fertilizers causes fundamental 

differences in the quantitative and qualitative flow of soil nutrients and limiting the use of 

inorganic fertilizers is important measure to enhance soil organic carbon and soil fertility. 

However, high organic matter attributed to plant residues from coffee trees and leave litter 
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drops from shade trees were considered as reason for the obtained amount of organic carbon 

in the study area. Moreover, Fertilization may simultaneously protect one soil carbon pool 

while limiting the ability of soils to increase another. This shift in dynamics is further 

complicated by the fact that fertilization can increase the total amount of plant biomass 

produced in agricultural systems, which eventually supplies soils with more carbon. a 

complete understanding of how fertilizer additions will ultimately affect the capacity of soils 

to store carbon in the long-term is essential to understanding the capacity of agricultural soils 

to act as a sink for atmospheric carbon(Daniel Kane, 2015) and left for further study. 

4.2.8. Effect of Soil Depth on Organic Carbon Content 

Soil organic carbon content on top soil (0-15 cm) was higher than the subsequent lower soil 

depths (Table 3). The correlation between soil depth and organic carbon was negative (r = -

0.75; p = 0.02) and significant (Table 4). Therefore, soil depth at study area affected organic 

carbon negatively significantly. The similar result was reported by Abebayehu Aticho (2013) 

who found a negative correlation between SOC content and sampling depth in Kaffa, 

Southwest Ethiopia. Also Cezar Francisco Araujo et al., (2015) found the decreased content 

of organic carbon in soil under coffee plantations with increased soil depth. Similarly, other 

research which was conducted in Ghana, (Divine Makafui and Yao Agboadoh, 2011) also 

observed higher SOC content at top soil layer in all the land use types than the bottom layer 

with significantly decreased SOC content across the examined soil depth in the five land use 

types. The highest organic carbon percentage (4.69%; Table 4) obtained in the top soil layer 

(0–15 cm) might be due to biologically active soil profile which in turn promoted rapid 

decomposition of coffee and shade trees litters in a favourable environment. In line with this, 

N. Dahal and R. M. Bajracharya (2013) reported that soils with rich organic carbon levels 

generally indicate high fertility, and therefore, it is important to maintain its optimum level 

that requires a careful land use and management practices.  

In addition to this, out of 31 respondents questioned at study area, 90.3% assured that they 

had not been tilling their farm. Only three of these farmers had been using minimum tillage. 

Moreover, the investor from which the soil samples were collected had not been practicing 

any kind of tillage and it was also observed that the farm was fully covered with horizontal 

and vertical plant strata with large litters drop (Figure 4). This practices implied that soil in 

study area, had not passed through any structural disturbance with a higher litter 
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accumulation and relatively faster decomposing rate (even though it was not assessed) 

especially at surface soil (Table 2). 

 

Figure 4: Figure shows No-Till Practice of the Farm at the Study Area 

It was also proven in previous research that no-till practices increase SOC concentration and 

drastically improve organic carbon in soil (Marek K. Jarecki and Rattan Lal, 2003). 

Conversely, intensive tillage with the use of heavy machinery can degrade organic carbon in 

soil (Abdullah H. Alhameid, 2017). Thus the accumulation of SOC depends highly on the 

quality and quantity of incoming litter and tillage types (H. C. Hombegowda et al., 2016). At 

lower soil depths (15 to 30 cm and 30 to 60 cm), significant organic carbon content reduction 

was observed with lesser SOC percent (2.53%and 1.51%; table 4) respectively. The reduction 

in its content down the soil depths demonstrated that there was relatively lower decomposing 
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rate of litters accumulated on the top soil due to less humid temperature. It also might be 

attributed to continuous accumulation of un-decayed and partially decomposed plant and 

animal residues mainly in the surface soils of coffee farm and high rate of interception and 

infiltration and absence of erosion. Based on the above explanation, soil depth had 

significantly negative correlations (Table 4) with soil organic carbon content in study area. 

The finding was similar with (A. Adugna and A. Abegaz, 2015) who conducted research at 

Northeast Wollega, Ethiopia. Whereas, previously it was (H. C. Hombegowda et al.,2016) 

found an increasingly large SOC content in the subsoil and indicated the higher SOC 

accumulation in subsurface soil was importantly due to belowground carbon inputs from 

roots and leaching of organic acids and soluble humus fractions. At current study, averagely 

2.91% (Table 3) of organic carbon which is more than the major threshold (1.5%) of soil 

organic carbon in temperate regions (Loveland P. and Webb J., 2003) was detected. This 

amount of organic carbon at coffee farm is ideal for coffee production and it flourishes well 

Coffeaarabica and useful for climate change mitigation. However, according to Loveland P. 

and Webb J. (2003), the soil organic carbon content which is below 2%, potentially creates 

serious decline in soil quality. 

4.2.9. Effect of Soil Depth on Total Nitrogen 

The total nitrogen content in soil under coffee plantation in study area was found in a 

decreasing order along with increased soil depth with an average 0.35 (Table 3). The obtained 

average value of total nitrogen in current research is under high (0.3–0.5) critical levels used 

for classifying soil fertility parameters (Alemu Lelago et al., 2016). The change in total 

nitrogen at depth wise was inverse and significant (Table 4). The abundance of legume plants 

and Azotobacter algae that able to fix atmospheric nitrogen, decaying plants and other not 

studied factors were assumed for changes in total nitrogen along the soil depth from top to 

bottom layers. The previous research which was conducted in Northeast Wollega, Ethiopia 

(A. Adugna and A. Abegaz, 2015) under different land use especially at forestland showed 

similarly the decreasing trends of total nitrogen from 0.44% and 0.21% at soil depth 0 to 15 

cm and 15 to 30 cm respectively. In both case the total nitrogen content was high at top soil 

and decreased inversely with increased soil depth. According to the previous research, the 

highest content of total nitrogen at top soil was because of losses of organic matter by 

mineralization in the subsoil. In contrast to given reasons above, it was not realized the sign 

of soil erosion at the study area which had the mineralization effect on nitrogen across the 
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soil depth. This was because of many shade trees like Erythrina species (N2 fixing tree) which 

were in coffee farm that prohibit or reduce runoff, resulting in no soil erosion and more 

availability of nutrients in the soil. Therefore, leguminous trees (Lum J., Baker K. and 

Baumann D., 2016) which were in farm and decayed plants improved the availability of 

nitrogen, which is the most limiting nutrient for coffee production.  

4.2.10. Effect of Soil Depth on Soil pH 

Soil depth showed insignificantly opposite correlation with soil pH (p >0.05; Table 4). At all 

examined soil sample, average soil pH was found to be 5.94 (Table 3) which is in the 

moderately acid range (5.5-6.5) according to Kanyanjua S.M. et al., (2002). It was found 

slightly higher in the surface soils than in the subsurface. Therefore, soil pH with 5.5-6.5 

range is considered the most appropriate for coffee growth (Christophe Eponon et al., 2019) 

and hence ideal for coffee production. This result was opposite in term of significance with 

former researches (Julien Kouadio et al., 2013). They obtained significantly decreased soil 

pH from the upper layer to the bottom. However, the study (Afrifa A.et al., 2007) which was 

conducted in Ghana at five coffee producing regions obtained similar results with current 

research. Even though the results obtained from Ghana and this research showed moderately 

acid and higher soil pH at top soil surface, results from both studies were different by acid 

concentration. For example, in Ghana, the highest average soil pH from five coffee producing 

regions at soil depth 0 to 15 cm was 6.08 and the lowest average was 5.8. Whereas, in this 

research, the obtained results at 0 to 15 cm, 15 to 30 cm and 30 to 60 cm were 5.98, 5.97 and 

5.86 respectively (Table 3). Based on the results obtained and observation from farm on site, 

it was assumed that much organic material with high amount of plant residues with relatively 

gradual decomposition rate and little or no erosion caused soil pH to be comparably higher at 

top soil surface. Whereas the long term microbial decomposition of these organic matters was 

the reason to drop soil pH down to deeper soil depth. The assumption was supported by 

research work which was conducted in Australia at 10 to 15 cm soil depth (Ann McCauley et 

al., 2017). Similarly, the research conducted in Abo- wonsho, southern Ethiopia was found 

insignificant variation of soil pH across soil depths. They assumed that the low soil pH in the 

lower soil layer than in the top surface soil layer might be due to the presence of relatively 

higher organic carbon in the top surface soil (Awdenegest Moges et al., 2013). It was also 

assumed that insignificant variation of soil pH across the soil depth might be existence of 

perennial crops of which coffee plantation had limiting influence on soil pH. However, the 



40 

 

mean values obtained from the study, is ideal for coffee arabica plantation which ranges 5 to 

6 (Michiel Kuit et al., 2004). 

4.2.11. Effect of Soil Depth on Soil Physical Properties 

Soil bulk density at study coffee farm generally increased with increased soil depth with an 

average 1.04 gm/cm3 (Table 5). The increase in bulk density down to bottom soil depth was 

highly positive and significant (Table 6). The obtained bulk density in this study was almost 

the same with former research work (Taye Kufa, 2013). He obtained the increased bulk 

density along with increased soil depth with an average value1.01gm/cm3 in Bonga coffee 

forest ecosystem. The average bulk density obtained from study area (1.04gm/cm³) was far 

below from the minimum critical limit (1.55 gm/cm³) that might restrict root penetration 

(Garwo Varney Fahnbulleh, 2014). Similarly, the previous research conducted at Costa Rica, 

coffee planted in the forest also found the same result with the current research result 

(Nilovna Chatterjee et al., 2019). High organic matter in the top soil, soil aggregation and soil 

porosity might be reasons for a lower bulk density at surface soil layer. Whereas, the increase 

in soil bulk density along the soil depth was might be due to decrease in organic matter 

content, porosity and effects of weight of the overlying soil that led to soil compaction(Pravin 

R.et al., 2013).Research work in agreement with current research result suggested that the 

unsystematic increasing pattern in bulk densities with soil depth and suggested less organic 

matter and presence of blocky type of soil structure was the reason to cause the higher value 

for bulk density at subsurface soil layer (Alemu Lelago and Tadele Buraka, 2019). Based on 

one-way analysis of variance, the particle size distribution such as sand and silt percentages 

at the study area were decreased along with increased soil depth. Whereas, clay content in 

soil, was increased with increased soil depth across the soil depth (Table 5). Similarly, 

Getahun Bore and Bobe Bedadi (2015) found the decreased sand and silt contents and 

increased clay content along with soil depth. Many other research works conducted 

previously in agreement with current work indicated the decreasing trends of sand and silt 

contents from top soil layer to bottom soil layers and increased trend of clay content across 

the soil depth on all land use including coffee plantations (A. Adugna and A. Abegaz, 2015; 

Sugeng P. and Sahindomi B., 2015). The average particle size distributions were found 

22.57%, 37.16% and 40.26% sand, silt and clay content, respectively (Table 5). Accordingly, 

soil of the study area showed moderate sand and less moderate silt content with high clay 

fraction based on the standards (Hazelton & Murphy, 2007). The decrement of sand along 
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with increased soil depth was insignificant. Whereas, silt content in soil along with increased 

soil depth was significant. Similarly, increased content of clay in soil with increased soil 

depth was nearly significant (Table 5) based on one-way analysis of variance. However, 

analysis carried out by two-way variation showed highly significantly negative effect of soil 

depth on sand and silt contents in soil under coffee plantation. Whereas, soil depth affected 

clay content at coffee farm highly positively and significantly (Table 6). Previously, 

conducted research in Ghana, in agreement with current research found significantly positive 

effects of soil depth on clay content, but insignificantly negative effects on silt content with 

no clear trend in the sand content (Afrifa A.et al., 2007). In this case, contradiction with 

current work was observed with silt and sand trend across the soil depth.  

4.2.12. Effect of Selected Soil Chemical Properties on Organic Carbon Content 

Trends in soil organic carbon and total nitrogen across the soil depth were showed the 

decreasing trend. Variations in amount along the soil depth from the top soil to bottom soil 

layers for both organic carbon and total nitrogen were statistically at borderline of 

significance (Table 4) based on one-way analysis of variance. However, two-way analysis of 

variance showed strongly positive and significant association of total nitrogen and organic 

carbon (Table 7) across soil depth under coffee plantation. Similarly, research work 

conducted at Bale, south eastern Ethiopia reported the strong association between total 

nitrogen and organic carbon along with increased soil depth (Yifru Abera and Taye 

Belachew, 2011). Another research also reported highly direct and significant association of 

total nitrogen and organic carbon at upper soil depth than the preceding soil depths and 

attributed to the presence of higher biomass added to the soil in the form of litter and the 

subsequent mineralization. They also reported that highly significant correlation between 

total nitrogen and organic carbon under the natural forest as compared to the other 

agricultural land use types. According to this report, decomposition of organic matter was the 

main source for both organic carbon and total nitrogen to be associated significantly and 

positively (Birhanu Biazin et al., 2018). Also Eyasu Elias (2017) discovered the higher total 

nitrogen content in the agro forestry system. He suggested strong associations between total 

nitrogen and organic carbon was attributed to crop residues addition and leaf litter 

accumulation from land use practices that added to nitrogen mineralization. Based on this, it 

was assumed that the higher organic matter added from the leave litters from coffee shrubs 

and other trees, and relatively faster decomposition (even though the decomposing rate was 
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not assessed) of these plant residue was the main reason for strong correlation between total 

nitrogen and organic carbon at study coffee farm. In another way, one-way analysis of 

variance the declining trend on soil pH along with declining trend of organic carbon across 

the examined soil depth. Decreased amount of soil pH with decreased amount of organic 

carbon was showed statistically insignificant across the tree soil depth (Table 3). Similarly, 

analysis carried out by two-way analysis of variance showed insignificant but positive 

correlation with soil organic carbon content in coffee farm (Table 7) with slightly acidic 

mean value (Table 3). H. C. Hombegowda et al., (2016) also found higher SOC in the acidic 

and basic soils. Other research work obtained high organic carbon in extremely acidic soil 

(Lenka Ehrenbergerova et al., 2016). Many other research works proven that soil pH 

variability along with organic carbon across the soil depth. Among others, (Reynilda 

Monteza, 2017) similarly approved insignificantly and positively declining trend of soil pH 

with declining trend of organic carbon at coffee plantation in soil depth 0 to 20 cm, 20 to 40 

cm and 40 to 60 cm. Thus, total nitrogen content in soil under coffee plantation showed 

highly significant and positive effect on organic carbon content whereas, soil pH showed 

insignificant and positive effect on soil organic carbon. 

4.2.13. Effect of Selected Soil Physical Properties on Organic Carbon Content 

Change in bulk density along with the change in organic carbon across the soil depth implied 

highly negative and highly significant correlation (Table3 and 5). Similarly, research work 

conducted at Bechem forest district, China found highly negatively significant correlations 

between bulk density and organic carbon at deeper soil layers, but weak negative correlations 

at surface soil layer. He generalized, the higher the bulk density, the lower the soil organic 

carbon especially at subsurface soil layers (Divine Makafui, 2011). Other authors also 

obtained strongly negative correlation between bulk density and organic carbon (T. Askin 

and N. Ozdemir, 2009). The declining contents of organic carbon 4.69%, 2.53% and 

1.51%across the soil depth with the overall average percentage2.91% and the increasing bulk 

density 0.98gm/cm3, 1.06 gm/cm3 to 1.08 gm/cm3 with overall average1.04 gm/cm3 were 

obtained in current study (Table 3 and 5). In line with current work, other researchers also 

found highly reverse correlation between bulk density and organic carbon. The obtained 

reverse correlation between soil bulk density and organic carbon across the soil depth might 

be less or no soil compaction. This was also due to almost no or minimal tillage practices that 

led to soil compaction since the farm at study site had not been experiencing any kind of 
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tillage (Table 2 and Figure 4). High organic matter inputs that allow air movement through 

soil pores because well aerated forest soils act as an important net sink of carbon dioxide 

might be another reason. In agreement with the conclusion reached by current researcher and 

relatively higher amount of organic carbon in the study coffee farm at surface soil layer, Sally 

D. and Douglas L. (2004), concluded that the higher amount of organic carbon in the soil is 

always due to smaller bulk densities since organic carbon has a lower particle density than 

mineral particles. On other hand, the overlaying load from upper soil on the bottom soil 

horizons was most probably the causes for higher bulk density and lower organic carbon 

content in deeper soil layers. Similarly, the research conducted in central Panama showed 

significantly lower soil bulk density and significantly greater soil organic carbon in litter 

addition plots than litter removal plots. According to this research, high soil respiration 

(aeration), infiltration of dissolved substances movement through pore space and particulate 

organic matter were reasons for inverse correlation of soil bulk density and organic carbon 

since higher bulk density is a diffusion barrier in the soil (Edmund Vincent et al., 2016). 

Another researcher, in agreement with current work, showed a soil with low bulk density 

maintains high gas diffusivity in the soil through pore spaces (Anja Guckland, 2009). 

Result from laboratory analysis revealed that the soil texture had both positive and negative 

correlation with soil organic carbon. At study coffee farm, soil texture ranged from loam to 

clay texture classes. In relation to soil organic carbon content, sand and silt contents in the 

soil showed highly positive and significant correlations with soil organic carbon (Table 7) 

based on two-way analysis of variance. However, clay content showed highly inverse and 

significant correlation with organic carbon (Table 7). Similarly, research work conducted in 

India at coffee plantation reported the inversely correlated and increased percent of coarse 

fragments (sand) with soil organic carbon. He found directly correlated and increased percent 

of sand content with soil organic carbon across the soil depths. Hence the coarse fragments 

act as diluents and determine the quantity of fine earth available for sequestering carbon 

(Devi G. and Anil Kumar, 2009). Another research work previously conducted at 

Agroforestry land use system found positive correlation between silt and organic carbon 

(Divine Makafui, 2011).Many other researchers in contrast with current research result 

(Desjardins T.et al., 1994), (Guggenberger G.et al., 1994) and (Schulten, H.R et al., 1993) as 

cited by Maurice Kwame and Mensah Bonsu (2015) found the increased organic carbon 

content with decreased particle size and thus reported soil organic carbon increased with clay 

content. Other research also found increased soil organic carbon content with increased clay 
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content in the soil. According to this research, positive correlation between soil organic 

carbon and clay content was due to the combined effects of rainfall, temperature, clay mineral 

composition, and land use under such climate change (Zekun Zhong et al., 2018) even though 

these factors were not investigated by current research. Accordingly, the positive correlation 

between soil organic carbon and clay content in soil might be attributed to different climate 

types. Similarly, previously conducted research work also found strong positive correlation 

between SOC and clay fraction (H. C. Hombegowda et al., 2016). Regardless of statistically 

significant change of organic carbon along with the changes in soil texture and correlations 

between both organic carbon and soil texture across the soil depth, the high litter fall on soil 

under coffee plantation in study area was assumed as the main reason for higher organic 

carbon content with all the fractions in the surface layer. Conversely, slow organic matter 

flow through more clay soil with restricted material movement to lower soil layer was 

assumed as the factors for less organic carbon content in sub surfaces. This assumption 

agreed with the previous research work (Andre Bationo, 2004). The contradictory result to 

current research especially the association between clay and organic carbon in regard to 

previous research works needed further assessment and investigation and open for other 

researchers. 

4.2.14. SOC and Its Implication to Climate Change Mitigation, Soil Fertility and 

Coffee Production 

Evelyn S. Krullet al., (2004) reported that the organic carbon in the soil was a key component 

of soil quality and crop productively and a major determinant of the soil productivity and for 

long term stability of agricultural systems. Similarly, Brady and Weil (1999) mentioned the 

organic carbon in the soil was a measure of organic matter and visual indication of soil 

fertility. Another researcher like, K Y Chan et al., (2008) also mentioned SOC had the 

fundamental importance to soil fertility for sustainable agriculture since it affects physical, 

chemical and biological aspects of the soil. Also Mehari Alebachew (2015) pronounced its 

important role in soil productivity for better crop yield and climate change mitigation. In the 

same approach, Eswaran H. et al., (1993) reported that soil organic carbon played a vital role 

to increase soil quality and soil productivity and thus enhanced food production. Therefore, 

increased organic carbon storage in soil, effectively mitigates increased level of carbon 

dioxide in atmosphere and enhanced soil fertility for sustainable coffee production at the 

study area. 
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However, agricultural management practices profoundly affect SOC dynamics and fade to 

maintain its content in the soil also negatively impacts the soil structure leading to 

compaction while increasing CO2 flux from soils to the atmosphere and affects the global C 

balance. Likewise, inappropriate management of soil organic carbon in the soil certainly 

promotes current climate change and aggravates its effects on social, economic and natural 

biota (LydaHok, 2014).Tantely Razafimbelo and Alain Albrecht(2013) were also reported 

management and enhancement of soil organic carbon (SOC) are very important practices for 

soil fertility for better soil productivity as well as for the environment especially carbon 

sequestration in area where development, food security, adaptation and mitigation had to be 

promoted in synergy. 

Therefore, the average soil organic carbon (2.91%; Table 3) obtained by current research and 

beyond the threshold (1.5%) (G. P. Maro et al., 2007) assumed as to reduce climate 

variability by mitigating previous effects exerted on current level of climate change at local, 

regional and international level. In addition to climate change mitigation, it improves the 

current status of soil fertility for better coffee grain yield in study area. Similarly, soil organic 

carbon (Jeanne Dollinger and Shibu Jose, 2018) is one of the important indicators used in 

assessing soil health. This also will have a preceding contribution to the country to achieve its 

goal which was formulated on CRGE document in Ethiopia 2011.   
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CHAPTER FIVE 

5. CONCLUSION AND RECOMMENDATION 

5.1. CONCLUSION 
Based on the result obtained, the researcher came up with following conclusions: 

Farm management practices at study area were poor and coffee beans harvests (3.54 q/ha) 

were also lower than the national (7.48q/ha) average. 

Soil depth is the proxy measure for soil physiochemical properties. It affects the soil organic 

carbon, total nitrogen, soil pH, soil bulk density and soil textures. According to the findings, 

the soil organic carbon, total nitrogen, soil pH, sand and silt contents were showed a 

declining trend across the soil depth. However, bulk density and clay content showed the 

increasing trend across all the examined soil depth. 

Organic carbon in soil under the coffee plantation showed significantly inverse relationship 

with soil depth. It was found high at top soil layer than the subsequent soil layers. The higher 

amount of organic carbon at top soil layer was due to high organic matter accumulation. The 

lower amount of organic carbon at bottom soil layer was due to relatively slower organic 

matter decomposition with slow translocation.  

Total nitrogen in soil under coffee plantation showed significantly negative relationship with 

the soil depth. However, it showed highly significant and direct correlation with soil organic 

carbon. It was found relatively high at top soil layer than the subsequent soil layers. This was 

due to presence of legume trees, Azotobacter algae and decayed plant residues that able to fix 

atmospheric nitrogen. 

Soil pH rested in moderately acidic medium at three soil depths and showed the slight drop 

from top soil layers to sub soil layer with an average mean 5.94. However, it was positively 

but insignificantly correlated with soil depth and soil organic carbon. Moderately acidic (soil 

pH =5.94) soil is assumed as an important and conducive soil for coffee to produce high yield 

with the highest quality of coffee grains. 

Bulk density of the soil exhibited positively significant association with soil depth across the 

soil depth with an average mean 1.04 g/cm3. However, it was correlated highly significantly, 

but negatively with organic carbon. This indicated that bulk density under sub soil layer 

showed a slight compaction due to the overlaying load of upper soil mass. This was not 
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assumed as it had effect on soil porosity through it water and nutrients flow and not also 

restricted the root penetration ability of coffee trees. Huge leave litters dropped from both 

coffee and shade trees and no tillage practices were reasons to lower soil bulk density at study 

area. 

Sand and silt showed negatively significant variations along with increased soil depth. 

Conversely, both showed highly significant and direct associations with soil organic carbon. 

This indicated that the farm at study area was not prone to soil erosion. However, clay 

content showed highly positive and significant correlation with soil depth, but highly 

negative and significant correlation with soil organic carbon. Accordingly, the farm had high 

water retention capacity and highly productive soil. The obtained result showed that the soil 

texture at study area ranged loam to clay. A soil with these soil textures characteristics is 

fertile to coffee plantation and organic carbon storage. Finally, it was concluded that soil 

depth had a great effect on physiochemical properties of soil, including organic carbon. 

Moreover, soil with high bulk density and clay content profoundly determined negatively the 

amount of organic carbon. Whereas, total nitrogen, soil pH, sand and silt contents positively 

promoted the existence of organic carbon in the soil under coffee plantation. Therefore, pre 

assumption by researcher and hypothesis was targeted the point and it is accepted. 

At the end, retaining and preserving organic carbon in soil under coffee plantation has 

pronounced contributions for climate change mitigation, soil fertility and sustainable crop 

production.  
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5.2. RECOMMENDATION 
Based on the conclusions, the following recommendations were portrayed:  

 The observed poor farm management practices in and around the farm should be 

improved by farmers around the main farm and investor in the coffee farm in order to 

increase their coffee yield that was below the national average;  

 Conservation tillage or zero tillage should be under taken to turnover organic matter 

in order to increase decomposing rate for persistent storage of organic carbon in the 

subsurface and increased coffee yield; 

 Farmers, investors and police makers should accountthe soil organic carbon content 

and other physiochemical factors since they are determinants of climate change, soil 

fertility and sustainable crop production; 

 Soil organic carbon measured at the study area should be maintained and conserved in 

order to sustain soil fertility for better coffee yield and mitigate current climate 

change which in turn exert an adverse effect on coffee production; 

 Preserving the existed shade trees and planting new (that are important and identified 

by experts) shade trees in coffee farm should be given a due attention by farmers 

around the farm and investor in the farm; 

 Finally, further researches must be conducted by investor, scholars and government 

on other factors that could probably affects organic carbon content in the soil. This is 

because the current research focused on only at a few factors and believes that there 

might be other factors that certainly affect the organic carbon content in soil and soil 

fertility. 
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APPENDICES 

APPENDIX A. Questionnaire 

Dear respondent, you are selected randomly to fill this questionnaire survey. The purpose of 

the survey is to obtained important farm management system, soil fertility status and annual 

coffee yield per ha in Shada kebele around Assefa Dukamo investment coffee farm which are 

supplementary to soil survey. Your cooperative responses to the questionnaires are extremely 

valuable for the successful end of this stud. Confidentiality is fully kept by researcher. 

A. Farmers’ Characteristics for Soil Fertility Management and Its Implications for Soil 

Organic Carbon and Sustainable Coffee Production. 

1. Name of the farm owner: ___________, Age of the respondent: ________ and Gender of 

the respondent:    1. Male 2. Female 

2. Educational status of the respondent: ________________ 

3. Function of the respondent in the farm: 1. Owner, 2. Chief Manager, 3. expert 

4. Location of the farm: _____________________________ 

B. Farm Characteristics for Soil Fertility Management and Its Implications for Soil 

Organic Carbon and Sustainable Coffee Production. 

5. Agricultural history of the area 

5.1. What is the size of your coffee plantation? _______ha 

5.2. How long this farm field has been covered by coffee plantation (since when)? 

a. for the last 2 years; 

b. for the last 5 years 

c. for less than 10 years 

d. for less than 20 years 

e. more than 20 years 

5.3.What was the land use before you started farming? 

a. Natural forest 

b. Plantations 

c. Individual farm 

d. Grazing land 

e. Other, specific 

5.4.How did you prepare the land to plant the coffee seedlings? 

a. By clearing natural forest and tilling the land 
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b. No preparation was undertaken and simply coffee seedlings were planted 

c. By tinning some plants and slashing shrubs, then coffee seedlings were planted 

6. Soil fertility management practices 

6.1. Do you use mineral fertilizer? 

a. Yes          b.  No 

6.1.1. If yes, what type of fertilizer do you apply 

a. DAP        b. UREA 

6.1.2. What is the amount of fertilizer have you applying per hectare (kg/ha)? 

6.2. Do you use organic fertilizer such as compost? 

a. Yes b. No 

6.2.1. If yes, how much compost do you apply per hectare (ton/ha)? 

7. What type of tillage do you use? 

a. Zero tillage 

b. Conventional tillage 

c. Minimum tillage 

d. Other, specify 

C. Shade Trees, Pruning, Soil Fertility Status and Annual Coffee Yield and Their 

Implications for Soil Organic Carbon and Sustainable Coffee Production. 

8. Do you have shade trees in your coffee plantations? 

a. Yes b. No 

8.1.If yes, indicate the species used as shade trees  

a. ____________, b. ____________, c. _____________, d. __________, e.________etc. 

9. How frequently do you prune the coffee trees? 

a. Every year 

b.  Every two years 

c. Every tree years 

d. Every five years 

e. 10-15 years 

f.  I don’t do pruning 

10. How do you manage the leaf litters and pruned branches of the coffee trees? 

_______________________________________________________________________
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_______________________________________________________________________

___________________________________________________ 

11. Is soil fertility declining or increasing in your farm? 

a. Declining   b. Increasing 

11.1. If you think your soil fertility has been declining, what are the reasons in your 

opinion? 

_____________________________________________________________________

_____________________________________________________________________

________________________________________________ 

11.2. If you think your soil fertility has been increasing, what are the reasons in your 

opinion? 

_____________________________________________________________________

_____________________________________________________________________ 

12. How much dry coffee beans you harvest from you farm per ha (_______________q/ha)? 
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APPENDIX B. Farmers Characteristics 

Collected farmers characteristics data 
Response 

Frequency Percent 

1. Age structure     

18 – 34 12 38.7 

35 -  49 13 41.9 

50 – 60 6 19.4 

Average age 31 38.9 

2. Gender     

Male 30 96.8 

Female 1 3.2 

3. Educational status of the 

respondents 
    

Illiterate 10 32.3 

1 -8  grade 20 64.5 

Tertiary level 1 3.2 



67 

 

APPENDIX C.Laboratory Analysis Report 
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APPENDIX D.Farm/Land in which Coffee Plants were grown under Shade Tree 

Species 
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APPENDIX E. Tree Species that were Perpetuates naturally with less Human 

Interventions 

 

 

 

 

 

 


