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ABSTRACT 

Now-a-days changes in land use system to meet the demands of a growing global population 

are inducing a shift in the ecological functions of wetlands such as carbon sequestration. The 

objective of this study was to investigate the impact of wetland conversion/ degradation on 

carbon sequestration potentials of some selected wetland sites at shore area of Lake Ziway. 

Five sites were selected purposefully (Least-impacted wetland, moderately degraded wetland, 

degraded wetland, grazing land, and cultivated land). Triplicate vegetation and soil core 

samples were taken from each site in July and August 2015 and analyzed for aboveground 

biomass, aboveground plant carbon, and soil organic carbon content while some physico–

chemical parameters were also recorded both onsite and in the laboratory. In addition to this, 

a short survey was also undertaken to investigate the community perceptions on wetland 

degradation. The results indicated that the Least-impacted wetland site had significantly 

higher (p<0.05) aboveground plant carbon as well as soil organic carbon content than the 

other wetland degradation levels. The aboveground plant carbon ranged between 49.23 g C 

m-2 in the converted grazing land to 2066.17 g C m-2 in the least-impacted wetland. Soil organic 

carbon content ranged between 7.36 g C kg-1 in the converted cultivated land to 91.43 g C kg-

1 in the least-impacted site. Soil organic carbon content was positively correlated (p<0.01) 

with aboveground biomass and soil moisture whereas soil temperature showed significant 

negative correlation (p<0.01). The view of the respondents from the survey also indicated the 

high conversion and loss of wetlands over time in the area due to population growth. This 

conversion of wetlands has resulted in a high reduction in carbon content of these ecosystems 

which can consequently affect the micro-climate of the area. So special attention should be 

given to the management of wetlands in the area so as to enhance their capacity to mitigate 

carbon emissions.  

Key words: Carbon sequestration, Lake Ziway, triggering factors, wetland degradation 
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1. INTRODUCTION 

The Earth’s climate is changing, as witnessed by higher atmospheric temperatures, decreased 

snow and ice cover, and increasing sea level in the 20th century and especially towards the end 

of that century (Mitsch and Gosselink, 2015). The cause of this climate change is the increased 

concentration of greenhouse gases (GHGs), primarily carbon dioxide in the atmosphere, mostly 

caused by anthropogenic emission (Evans et al., 2014). 

The growth of human population together with industrialization has led to rapid increases in 

biomass burning, agricultural activities, and land use changes in tropical regions resulting in 

enhanced emissions of aerosols and GHGs into the atmosphere (Arina et al., 2013). Human 

activities such as fossil fuel use and land use/cover changes in tropical regions have also 

resulted in substantial amounts of carbon being added to the atmosphere in the past 200 years 

(Mistch and Gosselink, 2000).  According to the IPCC report (2010) anthropogenic GHGs 

emissions have increased from 27 to 49 Gt CO2 eq/yr between 1970 and 2010. This report also 

stated that, GHG emissions during the last decade of this century were the highest in human 

history and these emissions grew on average 2.2% per year between 2000 & 2010, compared 

to 1.3% per year between 1970 & 2000. Of the total emissions in 2010, carbon dioxide remains 

the major anthropogenic greenhouse gas (IPCC, 2014). According to this report, cumulative 

CO2 emissions associated with agriculture, deforestation and other land use changes have 

increased from about 490 Gt CO2 to approximately 680 Gt CO2 in 2010. To reduce this 

emission mitigation measures or options could not only include the reduction and efficient use 

of fossil fuels, but also reducing the land-based emissions through conservation of many 

existing reservoirs such as wetlands (Jones & Mathuri, 2007; IPCC, 2010; Saunders et al., 

2014). 

Wetlands are one of the key ecosystems for mitigating the effect of GHG emissions to the 

environment. Although carbon stored in wetlands is recognized as an important component of 

global carbon budgets and future climate change scenarios, very little work has been done to 

consider the role of wetlands, particularly those in tropical regions of the world, in managing 

carbon sequestration in wetlands (Mistch & Gosselink, 2000; Bernal and Mitsch, 2012). 

Wetlands in the tropics are among the most productive ecosystems than temperate wetlands, 

but high temperature may hinder carbon accumulation in the soil and facilitate decomposition 

rate (Bernal, 2008), however, these wetlands can be significant carbon sinks when the 

conditions allow for peat accumulation. 
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Wetlands cover approximately 5-8% of the earth’s surface (Mitsch and Gosselink, 2015) and 

contain about 35-40% of global terrestrial carbon (Friedrich, 2012), and of the total storage of 

organic carbon in the Earth’s soil, 20-30% or more is stored in wetlands and is more vulnerable 

to loss back to the atmosphere (Mistch and Gosselink, 2000). But the role of wetlands in carbon 

sequestration and storage has generally been underestimated and is less well studied (Fennessy 

and Craft, 2011). As these ecosystems are centers of high productivity in the landscape, they 

have a high capacity to sequester carbon serving as sinks for carbon and they can also store 

carbon rich organic sediments. In contrast to this, wetlands can also release methane gas back 

in to the atmosphere (Mistch and Gosselink, 2000), but it is not as much harmful as carbon 

dioxide because methane can rapidly be degraded into nitrogen and water molecules in the 

atmosphere. According to Bernal (2008); Mitra et al. (2003); and EUCCP (2010), storage of 

carbon in wetlands depends on several factors such as topography and landscape position of 

the wetland, the hydrologic regime, the type of plants present, temperature and moisture of the 

soil, pH and salinity, and morphology of the wetland. 

Wetland ecosystems have unique characteristics as they are the sources of cultural, economic, 

and biological diversity. These unique characteristics affect their carbon dynamics and there 

are a few mechanisms that aid in carbon storage in wetland ecosystems. Using mechanisms 

such as photosynthesis, wetland trees and other plants convert atmospheric carbon dioxide in 

to biomass (Jones, 2002; Eid and Shaltout, 2013). Accumulation of organic matter also occurs 

in the hydric soil of wetlands because of the rate of decomposition of organic matter in wet or 

water logged conditions is lower than the rate of deposition (Arina et al., 2013; Villa, 2014). 

However, currently and in the future, wetlands are being affected by pressures from global 

changes such as climate change, sea level rise, pollution, and land use/cover changes (Ramsar 

Convention Secretariat, 2002). Wetlands are vulnerable to human-induced climate change. If 

they are managed well, wetland ecosystems and their biodiversity play an important role in the 

mitigation of climate change and will be important in helping humans to adapt to climate 

change by ensuring water and food security (Ramsar Convention Secretariat, 2011). 

In Ethiopia, wetlands are distributed across different ecological regions and the rift valley 

ecosystem is one of them (Gemechu Bekele, 2010). These wetlands found in this system 

provide immense environmental and socio-economic services which protect nature and human 

systems such as maintenance of water quality, flow and storage, flood control, nutrient 

retention, and micro-climatic stabilization. But despite these functions/services, wetlands in the 
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rift valley lakes system (RVLS) are under big threat from wide range of sources (Amare Lema, 

2005; Gemechu Bekele, 2010). 

The Ethiopian rift valley system including Lake Ziway basin is home for large population of 

humans and livestock, which is increasing by the year due to permanent lake water supply, 

mineral hot springs, fertile soil, and a wealth of biological resources that flourish in warm 

climate (Amare Lema, 2005).Together with this, changes have occurred in land use mainly due 

to expansion of agriculture, large scale commercial farms, and other related development 

ventures. As a result, aquatic and terrestrial habitat disturbance, land degradation, and 

deforestation are being observed over time. 

Natural resource degradation mainly destructive harvest of trees, over grazing, uncontrolled 

water abstraction, overfishing, farming extending up to the shoreline, and siltation and 

sedimentation are practiced in and surrounding of Lake Ziway (Amare Lema, 2005). Farm 

expansion with poor land management practices extending to the lake shore and encroachment 

by residential housing are caused by lack of buffer zone demarcation. This could lead to the 

degradation and complete loss of the vast ecological as well as socio-economic values of 

wetlands including their role in regulating the local climate of the area.  
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1.1. Statement of the problem 

Wetlands play a key role in reducing the emissions of carbon dioxide to the atmosphere. There 

is a significant amount of carbon stored in wetland soils, peats, litter, and vegetation globally 

(estimated 500-700 Giga ton) and this amount stored in wetlands may approach the total 

amount of atmospheric carbon estimated at 753 Giga ton (Kusler, 2000). Although this wetland 

capacity is recognized as an important component of global carbon budget, very little attention 

was given to wetlands to consider their role in carbon sequestration and hence wetlands were 

neglected and converted to other land use types due to poor management practices especially 

in Ethiopia. Complete conversion and modification of wetlands to cultivated land, improper 

large scale farming systems, improper farming methods, poor tillage systems, and planting 

more water demanding crops and plants are some of the major threats to Ethiopian wetlands 

(Hagos Gebresllassie et al., 2014). According to these authors, as Ethiopia is prone to sporadic 

drought spells, the effect of wetland loss could be more visible on the local climate pattern. 

Therefore, sustainable management of wetlands is a practical way of retaining the existing 

carbon reserves and thus avoiding emission of carbon dioxide. In order to achieve these 

outcomes through vegetation, soil and water management, and more information is required 

about carbon stock dynamics and land cover changes in wetlands.  

Mistch and Gosselink (2015) also indicated the integration of the conservation of wetlands in 

to international trading schemes of emission as in Kyoto protocol of forestry. According to 

them, even trading of emission certified may become an established pathway, and then 

mechanism can be applied to those wetlands with high carbon sequestration potential. In 

contrast, Yohannes Afework (2013) stated that Ethiopian did not yet start negotiations to use 

conservation and improvement of wetlands carbon sequestration potential in the country to 

obtain carbon funds as an economic incentive as in forests. Rather it is obvious that the 

government gives priorities to other development sectors like agriculture without considering 

the huge ecological and socio-economic values that wetlands provide. But, according to 

Friedrich (2012) wetlands and peat lands in particular account for 35-45% of the global 

terrestrial carbon pool, thereby exceeding both total agro-ecosystems and forest systems 

indicating how much important it is to assess and to give special attention to these natural 

reserves. 

The role of Ethiopian wetlands in carbon sequestration has not been well studied except the 

exemplary work previously done by Yohannes Afework (2013) on Tekuma wetlands and 

Gebrekidan Worku (2014) on the Fogera wetlands of Lake Tana basin. However, no recorded 
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studies were found on carbon sequestration potentials of the rift valley wetland systems. This 

study is therefore focused on the impact of wetland conversion and degradation on the carbon 

sequestration potentials of selected sites at Lake Ziway shore area wetlands, Ethiopia. These 

sites were selected because of the high anthropogenic pressure to convert them into other land 

use forms through poor wetland management practices thereby affecting the carbon storage 

potential of these wetlands. 
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1.2 Objectives 

1.2.1 General objective 

• The general objective of this study is to assess and compare the impact of wetland 

conversion on carbon sequestration potential among selected sites at the shore area of 

Lake Ziway. 

1.2.2 Specific objectives 

• Investigate and compare carbon sequestration potentials of different degradation levels 

(categories) of wetlands. 

• Investigate the relationship between soil carbon store and above ground vegetation 

biomass. 

• Investigate the relationship between soil physico-chemical parameters and soil organic 

carbon content. 

• Determine the trends/changes in status of the wetlands in the previous years and 

compare them to the present situation. 
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1.3. Significance of the Study 

This study is expected to have significance in different aspects. The findings which are going 

to be obtained from this study can assist decision makers to take appropriate action in 

conserving and managing wetlands so as to maintain their role in climate change impact 

mitigation and to make other ecological and socio-economic values sustainable. In addition, 

the information can be useful for any institution whether governmental or non-governmental 

that has a special interest to conserve wetlands so as to increase their carbon sequestration 

capacity. 

Furthermore, it is also believed that the information which is generated in this study can serve 

as a basis or secondary data for further research and other works of related fields. There are 

very few studies on wetlands and their role in carbon sequestration in Ethiopia. Thus, this study 

can attract interest of many researchers from different areas to study wetland. Beyond this, the 

findings of this study are also expected to create a strong awareness on the community 

regarding the importance of applying best management practices of wetlands in assuring their 

climate change mitigation capacity and other services. 
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2. REVIEW OF RELATED LITERATURE 

2.1. Carbon Sequestration 

2.1.1. Definition 

The term “carbon sequestration” was defined in different ways by different bodies and 

organizations. Here are some of the definitions (short descriptions) of carbon sequestration 

which are taken from different sources.  

United States geological survey (USGS, 2008) defined the term as: 

 “Carbon sequestration is used to describe both natural and deliberate 

processes by which CO2 is either removed from the atmosphere or diverted from 

emission sources and stored in the ocean, terrestrial environments (vegetation, 

soils, and sediments), and geologic formations. Before human-caused CO2 

emissions began, the natural processes that make up the global “carbon cycle” 

maintained a near balance between the uptake of CO2 and its release back to 

the atmosphere. However, existing CO2 uptake mechanisms (sometimes called 

CO2 or carbon “sinks”) are insufficient to offset the accelerating pace of 

emissions related to human activities.” 

According to the United States Department of Energy (USDOE, 1999):  

“Carbon sequestration is defined as the capture and secure storage of carbon 

that would otherwise be emitted to or remain in the atmosphere. The idea is to 

keep carbon emissions produced by human activities from reaching the 

atmosphere by capturing and diverting them to secure storage, or to remove 

carbon from the atmosphere by various means and store it.”   

The United States Environmental Protection Agency (EPA, 2001): 

"Carbon sequestration as “the uptake and storage of carbon. Trees and plants, 

for example, absorb carbon dioxide, and release oxygen and store carbon. 

Fossil fuels were at one time biomass and continue to store the carbon until 

burned.” 

It is therefore inferred from the above definitions that authors agree CO2 and other GHGs are 

accumulating in the atmosphere to undesirable levels threatening the wellbeing of the 



 

9 

 

environment and continuity of life forms, including humans, and hence they should be and can 

be captured in the form of organic matter and sustained so be it in soil, water or plant tissues. 

The fact that these gases are removed from the atmosphere provides in maintaining a 

sustainable environment that enhances human livelihood for many generations to come. Here 

of, wetlands are one of the most important ecosystems that need a better sustainable 

management strategies so as to reduce the accumulation of carbon in the atmosphere. 

2.1.2. Wetlands, GHGs influx, and Climate change 

According to many reports, the Earth’s climate is highly changing over time due to different 

reasons. The primary cause of climate change is the increasing concentration of the greenhouse 

gases (GHGs) in the atmosphere, mostly caused by anthropogenic emission (Mitsch and 

Gosselink, 2000; IPCC, 2007). The primary greenhouse gas is carbon dioxide (CO2) which is 

released through the burning of fossil fuels and also by cement production. Atmospheric CO2 

is said to have increased by over 30% since the mid-18th century, with a concentration of about 

379 ppm by 2005 (IPCC, 2007). 

Human activities, especially the burning of fossil fuels such as coal, oil, and gas, have caused 

a substantial increase in the concentration of carbon dioxide (CO2) in the atmosphere. This 

increase in atmospheric CO2 from about 280 to more than 380 parts per million (ppm) over the 

last 250 years is causing measurable global warming (IPCC, 2007). Not only this but also, the  

growth  of  human  population  together  with industrialization  has  led  to  rapid  increases  in  

biomass burning,  agricultural  activities  and  land  use  change, resulting  in  enhanced  

emissions  of  aerosols  and  GHGs into  the  atmosphere (Mitsch and Gosselink, 2015).  

Changes  in  the  biogeochemical cycles of terrestrial ecosystems, such as the carbon and 

nitrogen  cycles,  and  their  influence  on  the  dynamics  of the  atmosphere,  affect  the  climate  

in  terms  of temperature and precipitation, resulting in increases in droughts,  extreme  rainfall  

events  and  in  shifting seasons. 

One of the natural carbon reservoirs which are being highly affected by human pressure are 

wetlands. Human influences have caused significant changes in the chemical cycling of many 

wetlands (Saunders et al., 2014). These changes have taken place as a result of land clearing 

and subsequent erosion, hydrological modification, and pollution. Although wetlands cover 5-

8% of the Earth’s land area, they have a disproportionate influence on global cycles of such 

elements as carbon, nitrogen and sulfur. Hence, there has been considerable interest in the role 

of wetlands in such issues as global climate change. 
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According to the report by Mitra et al. (2003) and EUCCP (2010), wetlands may affect the 

atmospheric carbon cycle in four ways. Firstly, many wetlands especially boreal  and  tropical  

peat lands  have  highly  labile  carbon  and  these  wetlands may release carbon if water level 

is lowered or management practices result in oxidation of soils. Secondly, the entrance of CO2 

into a wetland system is via photosynthesis by wetland  plants  giving  it  the  ability  to  alter  

its  concentration  in  the  atmosphere  by sequestering  this  carbon  in  the  soil.  Thirdly, 

wetlands are prone to trap carbon rich sediments from watershed sources and may also release 

dissolved carbon into adjacent ecosystems. This in turn affects both sequestration and emission 

rates of carbon. Lastly, wetlands also release CH4, which has a higher global warming potential 

than CO2. As it was mentioned earlier, that the overall long-term negative effect of methane 

emissions is lower than the positive effect of CO2 sequestration. 

In addition to their effect on global climate, wetlands also have an impact on local/regional 

climate like serving as annual water inputs to the atmosphere through evapotranspiration and 

restraining the extreme local temperature of neighboring highlands (Mitra et al., 2003). 

Although these changes can be easily detected by the community, there is still gap on the 

knowledge of wetlands, and creating a strong awareness on them would be a basic task so that 

community-based management practices could be initiated for gaining of the best services from 

wetlands.   

2.2. Carbon sequestration in wetlands 

Wetlands offer many ecosystem services to humankind including the long term storage or 

“sequestering” of carbon (C) in their soils and vegetation (Villa, 2014). Although these 

ecosystems cover only about 5-8 % of the earth’s surface (Mitsch and Gosselik, 2015), they 

play a key role in biogeochemical cycles especially as sources or sinks for carbon (Junk et al., 

2013). Wetlands are  different  from other biomes  in  their  ability  to  sequester large  amounts 

of carbon, not only in their macrophyte and phytoplankton communities but also as a 

consequence of high primary production and then deposition of decaying matter in  the  

anaerobic  areas  of  their  waterlogged  soil (Jones and Humphries, 2002).  In  general,  the  

conditions  in wetlands  lead  to  the  accumulation  of  organic  matter  in  the  soil  and  

sediment,  which makes wetlands one of the most effective ecosystems for storing soil carbon 

in addition to the atmospheric carbon fixation.  . 
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Figure 1. Carbon cycle in wetlands featuring pathways for carbon sequestration (green) 

(after Villa, 2014) 

Carbon is sequestered in wetlands when carbon inputs (productivity and/ or sedimentation/ 

formation of peat) surpasses carbon outputs (decomposition and C exports from wetlands into 

the atmosphere) and the remaining organic material, mostly decayed plant material, is 

accumulated in the wetland's anaerobic sediment layer as partially decayed organic material, 

or peat (Roshan, et al., 2009; Villa and Mitsch, 2015). In this regard, intact wetlands play a key 

role as buffers in the hydrological cycle and as sinks for organic carbon, counteracting the 

effects of the increase in atmospheric CO2 (Junk et al., 2013). So, it is essential to give a special 

attention towards sustainable conservation of wetland habitats to mitigate the increament of 

CO2 in the atmosphere causing changes in the global climate. Protecting and enhancing the 

storage components (wetland peaty soil and vegetation) will increase their contribution as 

sinkers of carbon. 
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2.2.1. Wetland soil 

Despite their less coverage of the freshwater surface, wetlands are estimated to account for 

one-third of the world’s organic soil carbon pool (Lal, 2008) and this organic carbon 

sequestration in soils is a potential tool for reducing greenhouse gas (GHG) emissions (Piccolo, 

2012). Wetlands accumulate significant amounts of carbon in their soils compared to adjacent 

upland sites (Bernal, 2008). This accumulation is consequence of many factors, one of the most 

important being the anaerobic conditions produced by the presence of water. 

The Soil organic carbon pool includes highly active humus. It comprises a mixture of: (i) plant 

and animal residues at various stages of decomposition; (ii) substances synthesized 

microbiologically and/or chemically from the breakdown products; and (iii) the bodies of live 

micro-organisms and small animals and their decomposing products (Lal, 2008).  

Although soil carbon in wetland soils is recognized as an important component of global carbon 

budgets and future climate change scenarios, very little work has been done to consider the role 

of wetlands, particularly those in temperate and tropical regions of the world, in managing 

carbon sequestration (Mitsch and Gosselink, 2000). There are two major factors which are 

influencing soil carbon sequestration potential i.e. the first factor is climatic conditions like 

climate, soil parent material, land use/cover change, vegetation, and topography. The second 

one is human induced factors such as land use, management, and degradation (Piccolo, 2012). 

Protecting the wetland soil from such disturbing factors would play a big role in keeping the 

stored organic matter from being decomposed and then released to the atmosphere.   

2.2.2. Wetland vegetation biomass 

Plant communities play a key role in the emission and uptake of GHGs in wetland ecosystems 

(Villa, 2014). With the help of photosynthesis, wetland trees and other plants convert 

atmospheric carbon dioxide into their belowground as well as aboveground biomass. As a 

result, carbon may be temporarily stored in wetlands as trees and plants and the living material 

which feed upon them, and detritus including fallen plants and animals which feed upon them 

(Roshan, et al., 2009).  

In addition, many wetland plants use this atmospheric carbon dioxide as their main carbon 

source, and  their  death/decay  and  ultimate  settlement  at  the bottom of wetland can  have  

profound  effect  on  carbon sequestration since they serve as organic matter input to the soil 

(Jones and Humphries, 2002). Plant community structure regulates the quality and quantity of 

the organic matter entering the wetland environment (Villa, 2014). The quantity and quality of 
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the organic matter is crucial in determining the rates at which it is decomposed. For example, 

in order to have C sequestration, it is essential to have slower decomposition rates in 

comparison to primary productivity rates (Bernal and Mitsch, 2012). 

Sequestration of CO2 by plants occurs both in terrestrial and inland aquatic ecosystems such as 

wetlands. CO2 sequestration in terrestrial ecosystems is significant in protected areas and in 

extensively and intensively managed  land-use  systems,  but  to  different  degrees  depending  

on  vegetation,  soil  types  and  conditions. Similarly, the high rates of atmospheric CO2 fixation 

and primary production of wetland vegetation result in large fluxes of CO2 which can lead, 

under suitable hydrological conditions, to correspondingly high rates of carbon sequestration 

(Jones and Humphries, 2002). 

Restoration of degraded lands, and drastically disturbed ecosystems (i.e. mined lands) comprise 

an important sink for atmospheric CO2 (Lal, 2008). Similarly, important strategies are needed 

for wetlands to enhance their role as carbon sinkers such as peat soils and their permanent 

vegetation to mitigate the increase in greenhouse gases in the atmosphere. 

2.3. Factors affecting storage of carbon in wetlands 

Natural ecosystems are complex and it is important to consider all the factors involved in the 

process of carbon pool formation (Bernal, 2008). It has been repeatedly stated that wetlands 

are very productive environments and even though anaerobic conditions seem to be strong 

factors determining soil carbon storage, we cannot assume that the presence of anaerobiosis by 

itself would enhance the carbon pool. But according to Bernal (2008) it is rather the 

combination of both anaerobic conditions in the site and ecosystem productivity that makes 

soils of permanently flooded wetland highly organic. 

However, it is very complicated to estimate the actual quantity of carbon stored in wetlands 

worldwide,  because  carbon  fluxes  and  pools  vary  widely  in  different  wetlands.  The 

balance between  carbon  input  (organic  matter  production)  and  output  (decomposition, 

methanogenesis, etc.) and the resulting net storage of carbon in wetlands depends on several 

factors such as the topography and the geological position of wetland, the hydrological regime,  

the  type  of  vegetation,  the  temperature  and  moisture  of  the  soil,  pH  and  the morphology 

(Mitra et al., 2003; EUCCP, 2010). 

It is obvious that wetlands are highly affected by the changing climate and are the first group 

of ecosystems to experience the impacts (Mitsch et al., 2010). If rainfall does not come on time, 
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if droughts are prolonged, if temperature increases highly over time, if water table drops, 

wetlands will dry out and the stored carbon will release back to the atmosphere by oxidation 

and other processes. For instance, the studied factors by Bernal (2008) which are determining 

the soil C pool of wetlands are climate (higher temperatures enhance decomposition of organic 

matter and reduction of the carbon pool), wetland type, defined by the vegetation community 

(significant organic matter inputs from forest canopy enhances the carbon pool), and the 

hydrogeomorphic settings (slowly flowing or stagnant wetlands store more carbon in the soil 

than do riverine wetlands). 

According to Raija, (2006) changes in peatland ecosystem functions may also be mediated 

through land-use change, and/or climatic warming. In both cases, lowering of the water level 

may be the key factor. Logically, lowered water levels with the consequent increase in oxygen 

availability at the surface of the benthos may be assumed to result in accelerated rates of organic 

matter decomposition. 

2.3.1. Soil temperature 

Temperature affects carbon storage potential of wetland ecosystems in different ways. The 

response of soil organic matter decomposition to increasing temperature is a critical aspect of 

ecosystem responses to global change (Conant et al., 2011). Warmer climatic zones are being 

affected by the increasing temperature and would have the lowest levels of soil organic matter 

(Collns and Kuehl, 2001) even though, increasing rainfall and other factors in an area can have 

a tremendous effect on soil organic matter production. As a result, moisture promotes greater 

plant growth and the production of large quantities of plant materials for organic matter 

synthesis. The interactions between temperature and moisture should also be considered when 

estimating the effects of increasing temperatures, caused by climate change, on decomposition 

rates. An increase in temperature will have an unambiguously positive effect on decomposition 

only when the moisture conditions are favorable (Raija, 2006). 

According to Krischbaum (1995) increasing temperature has two major effects on wetlands. 

The first one is, when temperature increases, net primary productivity of the ecosystem 

increases as the CO2 sensitivity of photosynthesis is greater at higher temperature which in turn 

increases input of organic carbon to the soil. On the other hand, high temperature facilitates 

decomposition of organic matter which results in release of organic carbon from the soil. 

However, it is not yet well studied that which one of these two is more stimulated by increasing 

temperature. 
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Warmer air and soil temperatures will affect evapotranspiration rates, and also will have direct 

effects on autotrophic and heterotrophic CO2 fluxes (Chivers et al., 2009) in a couple of ways. 

On one side, warmer soil temperatures generally stimulate microbial activity, resulting in 

increased ecosystem respiration and release of carbon dioxide in to the atmosphere. On the 

other side, increased temperatures may result in increased evapotranspiration which can lead 

to decrement of groundwater and surface water levels in many wetlands. The combined effect 

of lower water levels and higher temperatures may stimulate decomposition and threaten the 

existence of many wetlands ecosystems (Mitra et al., 2003). 

Under a changing climate with temperature increases, freshwater tropical wetlands are at high 

risk because a change in temperature and precipitation patterns will alter the evapotranspiration 

rates, seasonality of the wetland, and which can affect directly or indirectly the status of stored 

carbon (Bernal and Mitsch, 2013). Soil temperatures are lower in highly vegetated areas due 

to shading; which tends to reduce the decomposition of organic material and therefore causes 

it to be stored (Muniz et al., 2014). So stored carbon in protected wetlands could be less affected 

by temperature due to the above reasons.  

2.3.2. Vegetation cover 

The world’s biota stores 500 billion metric tons of carbon and that the soils of the world store 

an additional of 1380 billion metric tons (BMT) (Brown and Lugo, 1982). So, considering 

wetlands as the most productive ecosystems, it is clear to understand the capacity of these 

ecosystems can store in their vegetation. It is not only the carbon that can be fixed by the 

vegetation cover but also highly affects the underground store by different means (Jobbagy and 

Jackson, 2000). 

According to Bernal (2008) two of the key factors that enhance carbon accumulation in wetland 

soils are the anaerobic conditions produced by the presence of standing water and the high 

productivity of wetland ecosystems (due to the standing vegetation in and around the pool of 

water and the net accumulation of nutrients, sediments, and organic matter coming from the 

vegetation cover and/or the associated body of water). The type of vegetation cover is 

determined by the presence of water (time and duration of the flood) (Bernal and Mitsch, 2012). 

Permanently or frequently flooded sites usually have floating plants, if any, whereas those sites 

that are flooded only part of the year and experience wet-dry periods tend to have a dense 

community of macrophytes adapted to the presence of water and hydric soils. 
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There are two major biotic agents in the C cycle of a peatland ecosystem: vegetation, which 

produces the organic matter (litter), and decomposers, which consume the organic matter to a 

varying extent (Raija, 2006). Changes in the abundance and species composition of species 

may be critical turning points for the C balance of a site (Malmer et al., 2003 cited in Raija, 

2006). 

The removal of wetland vegetation will reduce the carbon sequestration potential of the 

wetland, and potentially release long term detritus-based carbon stores through aerobic carbon 

sequestrated in the sediment (Saunder et al., 2007), and  also removal of vegetation cover could 

lead to  the removal of soil organic materials through erosion (Fisseha Itannia et al., 2011). So 

better management of the vegetation cover of wetlands is needed so as to enhance the C storage 

capacity of the soil in addition to the capture of atmospheric carbon dioxide. 

2.3.3. Hydrology 

Carbon sequestration in wetlands highly relies on water table (Evans et al., 2014) as the 

saturation of surface soils limits the diffusion of oxygen into the peat, thereby limiting 

microbial activity and decomposition rates, and generally it is expected to decrease CO2 

emissions to the atmosphere (Chivers et al., 2009). Because peat accumulation and preservation 

depends on anaerobic soil conditions resulting from high water tables, changes in water table 

affect CO2 emissions, and peat decomposition rates.  

Sulman et al. (2012) also stated that regional drying would have substantial impacts on the 

future of landscape carbon pools and the carbon cycle in boreal and subarctic regions that are 

rich in wetlands and peatlands, and that plant community responses are as important as changes 

in soil decomposition. Their results suggest that declining water tables can lead to increases in 

total carbon over time scales of a few hundred years, but that the longer term effect is potential 

loss of carbon as biomass accumulation reaches a maximum while soil carbon loss continues.  

Bernal (2008) in his study found out that, carbon pools were generally greater in the 

permanently flooded sites than in the pulsing hydrology sites, and his finding suggests that the 

presence of continuous anaerobic conditions is more powerful in enhancing carbon storage in 

wetland soils than the presence of greater organic inputs into the soil. This was also supported 

by the study of Chimner and Cooper (2003) who stated that CO2 emissions were higher when 

the water table was below the soil surface. CO2 emissions nearly doubled from a mean of 231.3 

mg CO2-C m-2 h-1 when the water table was +1 and +5 cm above the soil surface to a mean of 

453.7 mg CO2-C m-2 h-1 when the water table was between 0 and 5 cm below the soil surface. 
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So protecting the wetland’s hydrology from draining is needed so as not to release the long-

term stored C to the atmosphere.    

2.3.4. Land use and modification 

Changes in land use to meet the demands of a growing global population are inducing a shift 

in the ecological functions of wetlands and other ecosystems (Villa, 2014). Its dynamics are 

widespread, accelerating, and significant processes driven by human actions but also producing 

changes that impact humans (Hussien Ali, 2009). 

Carbon emissions from land use and land management have increased dramatically over the 

past two centuries because of the expansion of cropland and pasture, infrastructure extension, 

and other effects driven by market growth and demographic pressures (Geist and Lambin, 

2001). They also stated that, before 1950, carbon emissions from land use changes were mainly 

from temperate regions although carbon releases from land use change have been concentrated 

in the tropics in the last decade which is aggravated by the impacts of global warming. 

Land use change, particularly conversion to agricultural ecosystems, depletes the soil carbon 

stock.  So, large mitigation  potential  lies in  improved  agricultural  management:  improved  

grazing land  management  and  the  restoration  of  cultivated  organic  soils  and  degraded  

lands (EUCCP, 2010). Piccolo (2012) stated that cultivation significantly affects organic matter 

content of soil by exposing fresh topsoil to rapid surface drying and air oxidation, and then 

organic compounds are released to the atmosphere as a result of the biotic and abiotic 

degradation. Not only cultivation, but also intense grazing has impacts of reducing vegetation 

cover, reducing plant residues entering on the soil and reducing the dynamics of soil organic 

matter (Asgharnezhad et al., 2013). 

Greenhouse gas exchange processes of grasslands, arable lands and wetlands are good 

examples. The  different abiotic parameters and different forms of agricultural land use, which 

can be distinguished from  the  point  of  view  of  management  intensity  (intensive  or  

extensive  arable  farming, different forms of grazing) affect the greenhouse gas budget heavily 

(Kiss et al., 2014). For grassland and cultivated land, large emissions of other greenhouse gases 

such as N2O and CH4 can also occur. These emissions are strongly affected by land 

management and land use change. 
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Figure 2. Schematic view of the role of wetlands in the environment at different conditions 

(derived from Mitra et al., 2003) 

2.3.5. Soil pH 

The soil organic carbon (SOC) pool is susceptible to the chemical conditions in the soil, and 

modification of soil chemistry can be used to influence the rate of accumulation of humic 

material, as well as the redistribution of organic carbon into deeper subsurface layers (Rackley, 

2010). The effect of pH is also of considerable importance on the solubility of minerals and 

nutrients. Before a nutrient can be used by the plant, most nutrients and minerals are more 

soluble and available in acidic soils than in neutral or alkaline soils. So if the soil is neutral or 

slightly alkaline, it could affect the growth of the plants in the area, which in turn affects the 

atmospheric carbon dioxide fixation and organic matter input from the plants to the soil. 

In addition, the soil pH also has influence on plant growth by its effect on the activity of 

beneficial microorganisms like bacteria that decompose soil organic matter. These organisms 

are hindered in strong acidic soils and this can prevent the soil organic matter from breaking 

down or mineralization, resulting in an accumulation of organic matter (McCauley et al., 2009). 
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So managing wetlands can keep the pH level undisturbed, thus carbon can be stored for long 

time. 

2.4. Carbon sequestration in tropical wetlands 

The world’s wetlands are generally thought to be 7-10 million km2 (Mitsch and Gosselink, 

2015), by which 30% of these wetlands are found in the tropics (Mitsch et al., 2010). Tropical 

wetlands are amongst the most productive ecosystems though high temperatures may hinder 

carbon accumulation in the soil (Bernal, 2008) or in the form of vegetation. These wetland 

ecosystems represent a significant carbon sink, especially tropical peat lands (Bernal and 

Mitsch, 2013), however it is inaccurate to report the role of tropical wetlands in global carbon 

budget as if they were only represented by river floodplains (low soil carbon sequestration and 

high CH4 and CO2 emissions) or only by tropical peat lands (high soil carbon sequestration and 

low CH4 emissions) 

According to Mitsch et al. (2010) there is no a clear understanding about the rate at which 

atmospheric carbon is sequestered in tropical wetlands compared to temperate and boreal 

wetlands. They put two arguments regarding to carbon storage potential of tropical wetlands. 

On one side, tropical wetlands are the most productive ecosystems so that these wetlands can 

sequester large amount of carbon in their biomass. On the other side, higher temperatures in 

the tropics could lead to more rapid decomposition of the stored organic matter in the wetlands. 

Overall carbon sequestration rates estimated from boreal, temperate, and tropical wetlands 

range from 8-480 g C m-2 year-1, but tropical wetlands are more vulnerable than temperate and 

boreal wetlands because of over-exploitation and lack of legal protection (Bernal, 2008), hence 

this could affect their potential to mitigate climate change. 

Even though changes in temperature and precipitation patterns can affect the ability of tropical 

wetlands in sequestering carbon, potentially modifying their soil carbon accumulation rate, 

these wetlands can be significant carbon sinks when the conditions allow for peat accumulation 

like the presence of water which can highly enhance carbon sequestration (Bernal, 2008). This 

was also supported by the study of Bernal and Mitsch, (2013) where there is significant 

differences on carbon sequestration between wetlands within different climatic regions. They 

compared carbon sequestration in the tropical humid region with the sequestration in the 

tropical dry one, and the carbon sequestration rates are significantly higher in the humid tropic 

since they are permanently flooded as compared to the tropical dry ones. 
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The conservation of tropical wetlands including the present study area needs to be assessed in 

the context of the multiplicity of ecosystem services provided including the supply of potable 

water, biofuels, building materials, flood control and carbon sequestration (Saunders et al., 

2007). 

2.5. Impact of wetland degradation on carbon sequestration 

The major causes to climate changes are reportedly emission of greenhouse gases (GHGs) 

through anthropogenic activities including land-use changes, deforestation, biomass burning, 

draining of wetlands, soil cultivation and fossil fuel combustion (Lal, 2008). Wetland loss 

through degradation results in a loss of wildlife habitat and reduced productivity which can 

lead to the decrease of the ecosystem’s capacity as carbon sequestrating reservoir (Wetland 

policy for Prince Edward Island (PEI), 2000) 

Anthropogenic activities have increased the atmospheric concentrations of greenhouse gases, 

such as carbon dioxide (CO2), methane (CH4), nitrous oxide (N2O) and water vapor. High 

concentrations of CO2 have been recognized as the main cause of global warming, which is a 

worldwide environmental concern due to the threat to life on the planet (Muniz et al., 2014). 

Conversion from natural and managed ecosystems, to extractive farming practices based on 

low external input, and soil degrading land use tend to deplete carbon pools (Lal, 2008).  

Wetland destruction around the world has often been caused by land reclamation and drainage 

because of high human population density (Junk et al., 2013). Wetlands are modified in a 

number of ecological ways by changing normal hydrologic patterns. Straight deep channels 

and ditches are the most common methods to drain wetlands, and they allow more rapid runoff 

of freshwater than the normal shallow and sinuous channels do; water levels fluctuate more 

rapidly and the water table declines (Vicari, et al., 2011)  

African swamps could form a significant sink for carbon when continuously inundated and 

carbon gains in photosynthesis exceed carbon losses in respiration (Jones & Muthuri, 1997). 

Conversely, when the detritus is exposed to the atmosphere, and aerobic conditions prevail, 

these systems may become a net carbon source for the atmosphere as carbon losses exceed 

carbon gains (Jones and Humphries, 2002; Mitra, et al., 2003). In this case, tropical wetlands 

may be more vulnerable due to overexploitation of the water and biomass for the sake of 

gaining subsistent incomes (Chimner and Ewol, 2005). 
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Wetlands are often considered as wastelands, which should be transformed to ‘‘useful’’ 

systems, e.g., by traditional agricultural, forestry, husbandry and aquaculture, or for the 

construction of houses, and infrastructure (Junk et al., 2013). Even though, values of wetlands 

are now recognized worldwide and have led to wetland conservation, protection laws, 

regulations, and management plans (Mitsch and Gosselink, 2015). 

Generally, total carbon emissions from the conversion wetlands to agricultural land is estimated 

to range between 0.05 and 0.11 Gt C yr-1(Maltby and Immirzy, 1993). Perhaps this could be 

because of the disturbance of the natural state of the wetland which leads to loss of the stored 

organic matter with in the soil. So, maintaining the natural character of these ecosystems would 

be the best choice so as not to release out the stored carbon.  

2.5.1. Triggering factors for wetland loss 

While  wetlands  are  the  most  productive  ecosystems  on  Earth;  they  are  also  the  most 

threatened (Abebe Yilma and Kim, 2003).  Wetland degradation has  been  and  is  still  seen  

as  an  advanced  mode  of  developmental activity,  even  at  the government level. While rates 

of wetland loss are documented for the developed world, the limited study of these ecosystems 

in countries like Ethiopia leaves us with little to say (Abebe Yilma and Kim, 2003). 

Despite the huge benefits gained from wetlands, their destruction around the world has often 

been common and is mainly caused by land reclamation and drainage because of high human 

population density (Junk et al., 2013). Wetland ecosystems in Ethiopia as well are under a big 

threat (Abebe Yilma and Kim, 2003; EWNRA, 2005; Assefa Tessema et al., 2013,).  

2.5.2. Wetland management and wise use for carbon sequestration 

Degradation on a massive scale has already occurred in global wetlands ecosystems of 

immense importance (Mitra et al., 2003) and appropriate measures must be taken to stop or at 

least to reduce this progressive loss and degradation of wetlands. Conservation activities must 

be initiated in making the wise use of wetlands of the economic wealth they support and the 

various environmental values they provide including enhancing their ability to sequester global 

carbon. 

Enhancing carbon reserves in wetlands in the context of climate change is consistent with 

reducing greenhouse gas emissions from the wetlands and restoring their carbon reserves 

(IPCC, 2007). However, degradation of wetlands and disturbance of the anaerobic environment 

of the soil and removal of its vegetation cover leads to a higher rate of decomposition and 
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removal of the large amount of carbon stored in it and thus releases greenhouse gases in to the 

atmosphere.  Therefore, protecting the existing wetlands and restoring the degraded ones is a 

practical way of retaining the existing carbon reserves and thus avoiding emission of CO2 and 

greenhouse gases to the atmosphere (Mitra et al., 2003; Bernal and Mitsch, 2012).  

Unless wetlands are preserved or maintained properly, these ecosystems could switch from 

being net sinks of carbon to becoming sources of greenhouse gases that accelerate climate 

change. Despite this, in Ethiopia there is a massive loss of wetlands over time and yet 

management of these ecosystems didn’t get prioritization. Here of, more rapid dissemination 

of the available information on soil, plant, water of wetlands could drastically reduce the risk 

of their loss and lead to a more sustainable management plan. Such actions to be taken in 

countries like Ethiopia, baseline studies as attempted in this study on the status of wetlands 

appear to be primary tasks to document pertinent information for policy makers. 
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3. MATERIALS AND METHODS 

3.1 Description of study area 

Lake Ziway, one of the important fresh water rift valley lakes, is located in the Oromiya 

Regional State about 163 km south of Addis Ababa at an altitude of 1,850 m.a.s.l, and a surface 

area of 434 km2 (Amare Lema, 2005). The lake lies at 8° 01' N/38° 47' E and at an altitude of 

1636 m above sea level (Von Damm & Edmond, 1984 cited in Girum Tamirie and Seyoum 

Mengistou, 2014). It is an open lake which is fed by Meki and Katar Rivers that drain from the 

south eastern and north western highlands, respectively, and it spills off in to Lake Abijata 

through the Bulbula River in the south. The lake is surrounded by farming communities which 

compete the water for agricultural purposes. Medium and small scale irrigation farms are found 

close to the lake using its water or from the rivers that enter it, causing far reaching effects on 

the lake ecology. 

 

Figure 3. Location map of the study area and sampling sites 
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3.1.1. Climate 

The climate patterns of the rift valley lakes are diverse and ranges from hot and arid to cool 

(sub-tropical) and humid (Fisseha Itanna et al., 2011). Climatic condition of Lake Ziway region 

is a semi-arid type (Fisseha Itanna et al., 2011; Girum Tamirie and Seyoum Mengistou, 2014). 

Mean annual rainfall varies from 600-800 mm, whereas; mean annual maximum and minimum 

temperatures are 27 0C and 13 0C respectively (Amare Lema, 2005). The temperatures are 

higher from November to April and the lowest records were obtained from June to October of 

the same year.  

3.1.2. Soil 

The soils in the rift valley are derived from the parent materials such as ignimbnites, unwelded 

pumicious pyroclastics some course beds of lacustnne sediments and alluvial deposits (Tesfaye 

Chernet, 1982 as cited in Amare Lema, 2005). Soils in the eastern and western swampy margins 

of the lake are course textured with organic loom top soil over pumic sand and silty clays have 

developed on fine textured alluvium along the deltas of river Meki and Katar. 

3.1.3. Swamp vegetation 

Even though the level of water in the lake determines the zone of swamp vegetation along the 

lake side, human interference is affecting its profile. According to Makin et al. (1974) as cited 

in Amare Lema, (2005), there was well marked vegetation zonation around the shore in which 

it is sequenced from the margin to the adjacent dry land as; Phragmites, water lilly and 

Nymphaea in standing water, blocks of Typha in the bulrush and Cyperus papyrus in the lake 

shore, Juncus and Panicium repens in the swamp, Sporobolus and Cynodon plectostachyus 

grass land in the drier parts and finally the sequence was marked with big trees of Ficus sp., 

Acacia albida,  and Balanites aegyptica. But currently this setup is highly disturbed and the 

macrophytes and trees around the shore near the sampling sites especially sites near to human 

settlements are being heavily cleared by the lake side communities for different purposes 

(Girum Tamirie and Seyoum Mengistou, 2014). 
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3.2. Data collection method 

To conduct this study, both qualitative (for investigation of current status of wetlands in the 

study area) and quantitative data (for determination of carbon stocks in each wetland 

categories) were collected from primary and secondary sources in designated study wetlands 

(Appendix 1). Primary data were collected by field sampling and laboratory analysis, interview 

with selected respondents, and through direct field observation, whereas secondary data was 

collected from both published and unpublished documents and any other related resources. 

3.2.1. Quantitative data collection 

3.2.1.1. Field sampling protocol 

3.2.1.1.1. Selection of sampling sites 

Five land use types and wetland categories were selected, namely, 

i. Least-impacted (minimally) degraded wetland, 

ii. Moderately degraded wetland, 

iii.  Degraded wetland, 

iv. Grazing land, and 

v. Cultivated land, by preliminary field observation using criteria such as vegetation 

cover, water level, and topography, and human and livestock intervention (Bernal, 

2008; Arina et al., 2013). (See appendix 1 for the definition of each term) 

3.2.1.1.2. Locating sampling points 

A field sampling protocol for destructive sampling of under-storey biomass designed by 

Hairiah (2001) was applied for this study. Accordingly, a 40 by 5 meter vegetation transect was 

demarcated randomly within the purposefully selected wetland sites. Then, sampling frames 

were identified within the 40 by 5 m2 transect, as indicated in the following (Figure 4). 
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Figure 4. Position of vegetation sampling within a 40 by 5 m vegetation transect 

3.2.1.2. Plant sample collection 

For  this study, destructive method of sampling which involves felling, drying and weighing of 

all components of the above ground living biomass, was applied to collect plant samples so as 

to estimate above ground biomass (AGB)  and plant organic matter content (Hairiah, 2001; 

Arina et al., 2013). 

a) All vegetation within the 1x1 m2 quadrant was harvested to the ground using a 

scissor (Hairiah et al., 2001) 

b) Total fresh sample (g m-2) was weighed and mixed well onsite 

c) A composite fresh sample (˞300 g) following to Hairiah et al. (2001)) was 

weighed, zipped in plastic bag, labeled, and immediately transported to the 

laboratory for further analysis. 

d) Samples were dried at room temperature, grinded and sieved to pass through a 

2 mm mesh. 

The major vegetation types which were found in the study area were also identified to species 

level. Samples were collected, zipped in plastic bag, carefully labeled and then transported to 

Addis Ababa University National Herbarium for identification. 

3.2.1.3. Soil sample collection 

Soil samples were collected from the field for the determination of physico- chemicals and soil 

carbon content analysis (Hairiah et al., 2001; Kuffman and Donato, 2012) 

a) 0-5 cm of the surface soil layer was carefully  removed  

b) Composite soil samples were collected from the ground to 60 cm depth (Junbao 

et al., 2013) since carbon profiles rapidly decrease with soil depth in tropical 
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wetlands (Bernal, 2008; Villa, 2014). Composite sample from three soil cores 

per site was taken to include a variation in organic matter deposition in the area 

(Bernal, 2008) using auger (soil sampler) by carefully inserting the corer in to 

the soil to 60cm depth (Hairiah et al., 2001). Samples were taken from the same 

sites where plant samples were collected. 

c) Each soil sample was placed in plastic zip-lock bags, carefully labeled and 

transported for laboratory analysis in ice boxes 

3.2.2. Qualitative data collection (Questionnaires development) 

Qualitative data was collected based on the sampling procedure by Gemechu Bekele (2010). 

The first step was identifying the target group and one kebele named Bochesa was purposefully 

selected based on preliminary observation and discussions with key informants. Bochesa 

kebele was selected because of the following reasons: 

a) The community residing in the area is very close to the lake and wetlands, and it was assumed 

that they knew more about the wetlands since they have been there for a long time. 

b) Due to high human pressure around, the area in converting and degrading the lake and     

associated wetland resources. 

Following this, sample size was determined according to Gemechu Bekele (2010), 10% of 

household sample size was drawn from the selected kebele. Sample respondents were selected 

randomly from the households registered as permanent residents of the kebele. According to 

the information obtained from the kebele administration office, 520 households were living 

permanently in the kebele, and from this 53 respondents (10% of the total) were selected 

randomly for this study. 

Both primary and secondary data were collected from the target respondents. Primary data were 

collected through questionnaire survey (with both open and close ended questions) (Appendix 

2), focused group discussions (open ended guide questions for purposefully selected 

community members), and also personal field observations. Available secondary data such as 

population number of the kebele over years and the extent of land use types used in this study 

were also collected. 

3.3. Laboratory analysis and procedures 

3.3.1. Plant sample analysis 

Plant samples collected from the field were analyzed for the estimation of the aboveground 

biomass (AGB) and aboveground plant organic carbon (Hairiah et al., 2001). 
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3.3.1.1. Plant aboveground biomass 

a) Immediately after arrival from field, fresh subsamples were oven dried at 80 0C for 

24 hours for conversion to dry weight biomass. 

b) Aboveground biomass (AGB) was obtained based on the following calculation. 

c) AGB Total dry weight (kg m-2)=  
����� ��	
� �	��� (��) � ���
����	 ��� �	��� (�)

���
����	 ��	
� �	��� (�) � �����	 ��	� (��)
  

(after Hairiah et al., 2001) 

3.3.1.2. Plant organic carbon 

a) Air-dried samples at room temperature were crushed to pass a 2 mm sieve and 

sub-samples were taken for carbon analysis. 

b) Sub-samples were oven dried at 105 0C for 48 hours and weighed. 

c) Organic matter was determined using ignition method by warming the oven dried 

samples to 550 0C for 4 hours (Kalra and Maynard, 1991; Yohannes Afework, 

2013). 

d) Once organic matter was determined, then organic carbon was obtained by 

converting the resulting organic matter using a conversion factor. According to 

USDA, (2007), cited in Yohannes afework, (2013), on average 45% of the total 

organic matter (OM) for plant samples is carbon stock. 

3.3.2. Soil sample analysis 

Soil samples collected in the field were analyzed in the laboratory for physico-chemical 

parameters and organic carbon determination. 

3.3.2.1. Physico-chemical parameters 

Physical and chemical parameters i.e. temperature, pH, electrical conductivity, soil texture and 

moisture content of the soil were measured according to the soil manual prepared by Kalra and 

Maynard (1991). Soil temperature was recorded on site at a depth of 60 cm (where the soil 

sample was taken) during sampling times using soil thermometer. Soil pH and electrical 

conductivity (EC) were determined using 1:2 and 1:5 Soil-To-Water Extraction Method with 

a digital HACH multi parameter meter (HQ40d model). Soil moisture was also estimated using 

the oven-drying method. Soil texture was determined using a hydrometer method on a 

composite of three soil cores obtained with in a transect, at Addis Ababa University, Ecology 

Laboratory. 
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3.3.2.2. Soil bulk density estimation 

To estimate bulk density, soil samples with a known volume were oven dried at 105oC for two 

days (48 hours) until they reached constant weight, cooled down to room temperature in a 

desiccator, and weighed (Kuffman and Donato, 2012). This was recommended for bulk density 

determination to boil away any water from the sample. Weight of sample was recorded after 

oven-drying. Bulk density was determined by the following equation; 

          Soil bulk density (gcm-3) =
��	� ��� 
����	 (�)


����	 �����	 (���)
 , (Kuffman and Donato, 2012) 

3.3.2.3. Estimation of soil organic carbon concentration  

Soil samples were also analyzed in the laboratory for the determination of soil organic carbon 

concentration using a loss on ignition method (Kuffman and Donato, 2012).  

a) Soil sub-samples were oven dried at 60oC for 24 hours i.e. must be lower than the 

temperature used for bulk density determination. Lower temperature was used in order 

not to loss carbon from the sample due to high temperature. 

b) Soil samples were placed in a muffle furnace at 550 0C for 4 hours to determine organic 

matter content of the samples and the organic carbon content (g C kg-1) was calculated 

as the organic matter content (percentage) divided by 1.86 (Kuffman and Donato, 

2012). 
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3.4. Data Analysis 

To analyze the data descriptive statistics were used. Descriptive statistics (frequency, crosstab, 

mean, standard deviation. etc) were used to analyze the land use trend of the study areas and 

the values of carbon stock in different categories of wetlands. 

One-way Analysis of variance (ANOVA) with Post-hoc test (Tukey) was performed for the 

detection of differences in carbon sequestration potential within and among different categories 

of wetland (non-impacted wetland, moderately degraded wetland, degraded wetland, cultivated 

land, and grazing land) using SPSS software (Version 21). 

Bi-variate Correlation Statistics (Pearson) was also performed to determine the strength of 

relationship between aboveground vegetation biomass and soil organic carbon content as well 

as soil physico-chemical parameters and soil organic carbon content. Chi-square tests were also 

undertaken to see a relationship among respondents land size and their interest on wetlands.  
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4. RESULTS 

4.1. Identified Vegetation 

The major emergent plants collected were identified by taxonomists at the National Herbarium 

of Addis Ababa University. Accordingly, 10 species belonging to six families were identified 

(Table 1). 

Table 1. Major vegetation types identified from the study sites 

Coll_No Botanical_Name Family 

1 Cyperus rigidifolius Cyperaceae 

2 Leersia hexandra Poaceae 

3 Persicaria senegalensis Polygonaceae 

4 Schoenoplectus corymboses Cyperaceae 

5 Echinochloa stagnina Poaceae 

6 Cyperus papyrus Cyperaceae 

7 Aeschynomene elaphroxylon Fabaceae 

8 Ageratum conyzoids Asteraceae 

9 Cyperus latifolius Cyperaceae 

10 Typha latifolia Typhaceae 

 

4.2. Soil physico-chemical parameters 

Mean values for temperature, pH, soil moisture, electrical conductivity, and bulk density varied 

from 21 to 27.5 0C, 8.2 to 9.1, 5.1 to 20.1 %, 186 to 476 µS/cm, and 1.7 to 2.15 g cm-3, 

respectively (Table 2). Temperature and moisture were inversely related with each other. Soil 

temperature increased as degradation level of the wetland increased (Least-impacted wetland 

< Moderately degraded wetland < degraded wetland < grazing land <cultivated land), whereas 

soil moisture decreased as degradation level of the wetland increased (Least-impacted wetland 

> moderately degraded wetland > degraded wetland > grazing land > cultivated land). The 

highest pH mean value was recorded at the grazing site (9.1) and the minimum pH in the 

moderately degraded wetland (8.2).The pH results obtained are categorized as moderately to 

strongly alkaline soils. The mean values of electrical conductivity ranged from 186.0 to 476.0 

µS cm-1 and the minimum value was observed in the degraded wetland whereas the maximum 
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value was observed in the moderately degraded wetland site. Soil texture in almost all the sites 

had a medium sandy clay texture class except the soil of cultivated land which was very fine 

clay (Table 2). 

Table 2. Results of some physico-chemical parameters recorded from the study sites 

(Mean ± Standard deviation). 

 

Significantly higher temperature was recorded in the cultivated land (p<0.05), whereas the least 

value was recorded in the least impacted wetland site although the d/c was not significant with 

the temperature recorded at degraded and moderately degraded wetlands. Soil moisture content 

was significantly lower in the cultivated land (p<0.05) whereas significantly highest value was 

obtained at the least impacted site. However, there was no significant difference in Bulk density 

and pH among sites. 

 

 

 

 

 

 

Wetland Categories 

Temperature 

 (0C) 

Soil 

moisture 

(%) 

Soil pH Electrical 

conductivity 

(µS/cm) 

Bulk density (g 

cm-3) 

Least impacted wetland 21.0±1.095 20.1±6.280 8.42±.618 275.7±9.235 1.87±.342 

Moderately degraded 

wetland 

21.5 ± .547 19.4±5.118 8.20±.054 476.0±17.88 1.70±.728 

Degraded wetland 22.0 ± 2.190 14.5±3.234 8.86±.027 185.9±.054 2.15±.342 

Grazing land 24.5 ± .547 13.7±2.536 9.11±.887 384.0±19.20 1.84±.232 

Cultivated land 27.5 ± 1.643 5.05±1.074 8.41±.410 258.6±5.201 1.98±.029 
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4.3. Aboveground biomass 

Above ground biomass of the sites varied from 122.1 g DW m-2 to 4410 g DW m-2 and the 

highest mean biomass value was recorded at the least impacted wetland site which is 3252.6 g 

DW m-2 followed by moderately degraded wetland, cultivated land (cabbage biomass), 

degraded wetland and grazing land which accounted for 1193.6, 852.9, 457.7, 146.6 g DW m-

2, respectively (Figure 5). 

 

Figure 5. Aboveground vegetation biomass (DW) of different wetland categories (Note: 

CL is for cultivated land, DW for degraded wetland, GL for grazing land, MDW for 

moderately degraded wetland, and LIW for least impacted wetland) 

 

There was significant difference (p<0.05) in aboveground biomass values. Above ground 

biomass value of least impacted wetland site was significantly higher than the other remaining 

sites. There was also significance difference (p<0.05) between moderately degraded wetland 

and grazing land. But no significant difference was observed (p>0.05) among degraded 

wetland, grazing land, and cultivated land. 
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4.4. Carbon sequestration potential 

4.4.1. Plant organic carbon 

The plant organic carbon content of the study sites varied from 49.2 g C m-2 to 2066.2 g C m-

2. Highest mean plant organic carbon content was obtained in the least impacted site followed 

by moderately degraded wetland site, converted cultivated wetland, degraded wetland and 

finally grazing land where plant organic carbon was 1513.6, 526.5, 207.9, 207.8, and 57.9 g C 

m-2
, respectively (Figure 6).  

 

 

Figure 6. Mean aboveground plant carbon of different wetland categories (Note: ‘CL’ is 

for cultivated land, ‘DW’ for degraded wetland, ‘GL’  for grazing land,  ‘MDW’ for 

moderately degraded wetland, and ‘LIW’ for least impacted wetland) 
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Statistically significant differences were observed in the plant organic carbon content of the 

study sites (p<0.05). Aboveground plant organic carbon followed the same trend as that of 

above ground biomass. There were significantly (p<0.05) higher values of aboveground plant 

organic carbon in the least impacted wetland than the other land use types (degradation levels) 

and moderately degraded wetland with grazing land. However, there was no significance 

difference (p>0.05) between degraded wetland, grazing land, and cultivated land (Appendix 

6). 

4.4.2. Soil organic carbon 

The highest mean organic carbon content (g C Kg-1) was obtained in the least impacted wetland 

site which was about 67.5 g C Kg-1, followed by the moderately degraded wetland site, grazing 

site, cultivated wetland site, and degraded wetland site which contained 39.5, 17.3, 14.5, and 

12.9 g C Kg-1, respectively (Figure 7). 

 

 

 Figure 7. Mean soil organic carbon content of different wetland categories (Note: ‘CL’ 

is for cultivated land, ‘DW’ for degraded wetland, ‘GL’  for grazing land,  ‘MDW’ for 

moderately degraded wetland, and ‘LIW’ for least impacted wetland) 
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It was hypothesized that the highest mean soil organic carbon content will be found in the 

protected wetland although the lowest mean value was obtained in the degraded wetland site 

than grazing and cultivated site which nullifies the hypothesis that degraded wetlands have 

highest SOC content than grazing and cultivated land. 

There were significant differences (p<0.05) between least impacted wetland and the other land 

use types (p>0.05). But according to the post-hoc multiple comparison test there was no 

significant difference (p>0.05) among degraded wetland, grazing land, and cultivated land 

(Appendix 5). 

4.4.3. Soil organic carbon in relation to aboveground biomass and soil physic-chemical         

parameters 

Soil organic carbon content can be influenced by the amount of aboveground vegetation cover 

and physico-chemical parameters of the soil. In this study, there was a significant positive 

correlation (p<0.01) between soil organic carbon content and aboveground biomass (Appendix 

7). As aboveground biomass (g DW m-2) increased, soil organic carbon content (g C kg-1) also 

increased. Highest value of soil organic content was found in the non-impacted wetland site 

where the aboveground vegetation biomass was also highest. 

Soil organic carbon content was also related differently to different soil physical and chemical 

parameters (Pearson correlation test). Soil temperature (0C) was negatively correlated which 

was significant (p<0.01); as soil temperature increased organic carbon content of the soil 

decreased. But, Soil moisture content was correlated positively (p<0.01); as soil moisture (%) 

increased soil organic carbon also increased. Unlike soil temperature and moisture, bulk 

density, pH, and electrical conductivity of the soil were not correlated with soil organic carbon 

content. 
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4.5. Results of the qualitative study 

4.5.1. Background of Respondents 

The general background of the respondents (sex, educational status and marital status of the 

respondents) is summarized in the following (Table 3). 

Table 3. Cross-classification (3 x 3 - contingency table) among sex, educational and 

marital statuses of the respondents. 

Educational status of the respondent * Marital status of the respondent * Sex of the 

respondent Cross-tabulation 

Sex of the respondent Marital status of the 

respondent 

Total 

Married Single 

Male 

Educational status 

of the respondent 

Illiterate  8 0 8 

Primary school  9 2 11 

Secondary school  8 4 12 

University and above  1 0 1 

Religious education  2 0 2 

Total  28 6 34 

Female 

Educational  status 

of the respondent 

Illiterate 2 1 3 

Reading and writing  1 0 1 

Primary school  0 1 1 

Total  3 2 5 

Total 

Educational status 

of the respondent 

    

Illiterate 10 1 11 

Reading and writing 1 0 1 

Primary school 9 3 12 

Secondary school 8 4 12 

University and above 1 0 1 

Religious education 2 0 2 

 

Focused group discussion 
  

39 

15 

Total   53 
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4.5.2 Status and Major Triggering Factors for Wetland Loss 

All of the interviewed respondents (100%) and the participants of the focused group discussion 

agree that wetlands in the area are being encroached from time to time by the local community 

and other investment activities. Respondents were asked to mention the reasons about the 

encroachment of Ziway wetlands which included farm land scarcity (58.9 %) forcing them to 

cultivate by converting wetlands, implying that wetlands do not have owner as “wastelands”. 

Other reasons were scarcity of grazing land, lack of demarcation, soil fertility of the area, and 

lack of awareness according to 25.6%, 5.1%, 5.1%, and 2.5% of respondents, respectively.  

As shown in Figure 8, the major triggering factors of wetland loss which are identified by the 

interviewed respondents and from the focused group discussions was population growth which 

leads to other associated factors to happen. 

 

Figure 8. Major triggering factors for the loss of wetlands as identified by the respondents 

of the study area  
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In addition to the above, water abstraction for irrigation, eucalyptus plantation, to compensate 

water shortage caused by climatic factors like shortage of rainfall, expansion of intensive 

floriculture, regression of lake water level, construction of small dams in the watershed, and 

deforestation for settlement expansion were also identified as rare factors which are affecting 

the nature of the wetland in the area. 

According to the respondents’ views, population increase was the major cause for the above 

mentioned triggering factor for wetland loss in the area. The data obtained from the 

Agricultural Bureau of Bochesa Kebele, Ziway, showed that, population number has almost 

doubled in the past five years (2010-2014). The number of population in the area was 1365 by 

2010 and this number was increased to 2030 by 2014. However, the agricultural area remains 

the same so that the community is forced to convert wetlands to other land use forms. 

The responses collected through questionnaires, interviews and focused group discussions 

indicated that, with regard to how wetlands are sustainably managed, they come up with 

different opinions. The participants of the focused group discussion (83.01%) and most of the 

interviewed respondents believe that wetlands should be conserved for sustainable use of their 

social, economic, cultural, as well as ecological values that these ecosystems provide. These 

respondents indicated that, wetlands should be conserved for sustainable livestock grazing, fish 

production, biodiversity protection, regulation of local climate such as to moderation of 

temperature and rainfall, for tourist attraction, recreation, vegetation for house construction, 

household water source, as buffer zones from erosion by wind and flood. In contrast, 16.98% 

of the interviewed respondents believed that wetlands should be converted in to other land use 

types so as to meet the need of the highly increasing population, especially the landless youths 

for cultivable land, the shortage of grazing area, and the need for high production in the fertile 

soils of the wetland. The interviewed respondents are also fully aware about the changes that 

occurred in their local climate.  They have detected so many changes in their local climate over 

the past few years although the problem was clearly observed in this year. Some of the changes 

that were detected and that are still happening in the area are temperature increment, decrease 

in rainfall availability and variability in its distribution, changes in wind direction, drought, and 

occurrence of disease in livestock. The main reasons that were addressed by the respondents 

were deforestation (74.4%), expansion of land intensive investments such as floriculture (23.1 

%), and degradation of wetlands (2.5%).  
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Furthermore, when the respondents were asked if they agree or disagree on the idea of 

converting wetlands in to other land use types, 41.03 % and 12.82% of the respondents strongly 

disagreed and disagreed, respectively (Figure 9). These respondents said that wetlands should 

not be converted in to other land use types since these ecosystems are more beneficial than 

when converted in to other forms, are sources of water for the community, and for maintaining 

their local climate. 30.77% and 15.38% of the respondents strongly agreed and agreed, 

respectively (Figure 9). Although these respondents are aware of the value of the wetlands, 

they believe that wetlands should be converted in to other LUTs since population is highly 

increasing in the area and consequently landless youths are increasing. So they believe that if 

wetlands are converted, landless youths will have access to cultivable land so that the 

constraints of land in the area could get a solution.  

 

Figure 9. Respondents view on wetland conversion in to other land use types 
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Finally respondents were asked to rank the five wetland degradation levels/ LUTs (least-

impacted wetland, moderately degraded wetland, degraded wetland, grazing land, and 

cultivated land) based on their general importance (environmental, economic, social, and 

cultural value) to the community. Accordingly, 66.7 % of the respondents replied that least-

impacted wetlands have highest importance to the community followed by cultivated wetland 

(20.5 %) and grazing land (12.8 %) (Table 4). Neither of the respondents regarded for 

moderately degraded and degraded wetland types as important.  

Table 4. Impression of respondents classified by their land size to different categories of 

wetlands  

Respondents Interest on 

the categories of 

wetlands  

Categories 
Respondents 

land size 

Count(

N) 

Total 

(%) 

Least-impacted wetland 0-1 18 66.6 

>1 8  

Moderately degraded 

wetland 

0-1 0 0 

>1 0  

Degraded wetland 0-1 0 0 

>1 0  

Grazing land 0-1 4 12.8 

>1 1  

Cultivated land 0-1 5 20.5 

>1 3  

 

It was also tested using Chi-square test of association whether there is a relation between land 

size of the respondents and the rank given (impression) to the different categories of wetlands 

by the respondents. But, any meaningful relationship between these two variables was not 

found under the study. 
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5. DISCUSSION 

5.1. Variability of Carbon Sequestration between Different Degradation Levels 

5.1.1. Aboveground plant carbon 

Emergent macrophytes form some of the productive plant communities (Jones and Humphries, 

2002) and can fix large amount of atmospheric CO2 and store carbon in their biomass. Large 

amount of aboveground plant carbon was found in the well vegetated sites in this study (Figure 

6). This is not unexpected as these areas are good in terms of aboveground vegetation 

composition due to lesser disturbances compared to the other sites. 

Aboveground plant carbon found in this study area (49.23 to 2066.2 g C m-2) was much higher 

than the earlier results found in Ethiopian wetlands such as by Yohannes Afework (2013) in 

the Tekuma Wetlands of Lake Tana basin (0 to 500 g C m-2), but it is almost within the range 

of other reported studies. Saunders et al. (2014) in their study on papyrus wetland of Lake 

Navisha, Kenya, found that aboveground plant carbon ranged from 490 to 5540 g C m-2. Jones 

and Mathuri (1997) and Jones and Humphries (2000) also reported 3600 and 1500 g C m-2 in 

the living vegetation of papyrus wetland, respectively in the same study area. Barbera et al. 

(2015) also reported 1900 g m-2 and 3800 g m-2 of carbon was fixed by individual plants of 

Cyperus papyrus and Cyperus zizanioides.  

Land use changes such as converting wetlands to grazing and cultivation land by draining and 

clearing the wetland biomass could result in loss of the above mentioned stored carbon to the 

atmosphere. According to Saunders et al. (2014), clearance of wetlands to other LUTs could 

result in significant emissions of CO2 due to vegetation loss and nothing is left for 

decomposition, physically disturbing the soil rhizosphere and soil organic matter. In this study, 

the least value of aboveground plant carbon was found in the grazing land (Figure 6). This 

could be due to the effect of heavy livestock grazing intensity on the vegetation cover far 

beyond the carrying capacity of the land. Reeder and Schuman (2002) clearly stated that 

aboveground plant carbon decreased as grazing intensity increased. This could be due to the 

impact on plant community composition (Enriquez et al., 2015) 

The study by Enriquez et al. (2015) also supported the effect of long term grazing on plant and 

soil carbon storage and the result indicated that overgrazing has an effect on carbon capture 
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and storage and reduced on average 35% of the total ecosystem carbon pool. They found 

significantly lower aboveground plant carbon in overgrazed compared to the lightly grazed 

sites. 

In this study, it was hypothesized that converted cultivated wetland site will have the least value 

of plant organic carbon. However, it had an average value higher than grazing and degraded 

wetland sites. This could be due to the seasonal cover of the area by different vegetables that 

can enhance fixation of carbon dioxide from the atmosphere. This indicated that better 

management methods of wetlands like seasonal grazing could have a big role in fixing 

atmospheric carbon by their biomass. 

5.1.2. Soil organic carbon (SOC) 

Significantly highest SOC content was found in the least-impacted site and moderately 

degraded wetland than other study sites (Appendix 5). This could be due to the enhancement 

of the soil OM accumulation from the litter fall of the aboveground biomass and the presence 

of flooded soil in the areas. Fresh water wetlands are significant carbon sinks due to high 

productivity and water logged conditions (Bernal and Mitsch, 2012). In contrast, they are net 

sources of carbon when water level falls and expose detritus to aerobic condition (Jones and 

Humphries, 2002). Since higher soil moisture and lower temperature were recorded in this site 

compared to other sites (Table 2), conditions for microbial organic matter decomposition could 

be reduced and storage will be favored. Although the high biomass in the sites as an input could 

be as one reason, decomposition was stated as the main factor in accumulation of peat than 

primary productivity in dry climatic areas like Lake Ziway (Chimner and Ewel, 2004; Bernal 

and Mitsch, 2013; and Villa, 2014). They described water logging in wetlands as the main 

factor that can retard aerobic decomposition and attenuate air temperature that could affect the 

microbial activities in the soil.    

Results of SOC found in this study are more or less within the range of other results reported 

in other related studies of Ethiopian wetlands and other worldwide studies on tropical wetlands. 

For instance, in the case of Ethiopian wetlands, Gebrekidan Werku (2014) compared the soil 

carbon sequestration potentials of natural wetlands, semi disturbed (sedimented), and 

agricultural land in Fogera wetands of Lake Tana basin; and he found that natural wetlands 

were the best carbon storage areas. The results of organic carbon (OC %) ranged from 0.65 % 

in a sedimented wetland to 1.35 % in a natural wetland which is lower value compared to the 

results recorded in this study (1.29% in the degraded wetland to 6.5 % in the least-impacted 
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wetland). He stated the effect of sedimentation for the low recorded value. Yohannes Afework 

(2013) has also done a similar study where he found that there is a gradual soil carbon increase 

from cultivated land to intact wetland. 

With regard to some other reported studies, Bernal (2008) recorded results that varied from 30 

to 174 g C kg-1 in the above 35 cm of upland and wetland soil layers in tropical wetlands of 

Costa Rica; Eid and Shaltout (2013) also reported 10.2 to 22 g C kg-1 up to a depth of 30 cm 

when they compared vegetated and non-vegetated tropical wetland sites in Egypt. Muniz et al. 

(2014) also reported 50-150 g C kg-1 in a marshy tropical wetland. Bernal and Mitsch (2013) 

also reported results that are similar to this study in a tropical humid wetland (96.5 g C kg-1). 

There is a variation in these results with the current study as there is a lot of variation to be 

considered like geographic location of the wetlands, climatic variability, and pressure from 

anthropogenic side of the wetlands. 

The conversion of wetlands could lead to loss of atmospheric carbon dioxide from their soils 

(Ali et al., 2006) by modifying the temperature and water table of the areas which in turn could 

influence the microbial processes and oxidation of organic matter in the soil. Bernal (2008) 

compared drier upland areas with wetland area and found significantly (p<0.01) higher SOC 

content in the wetland (161 g C kg-1) than in the upland soils (17 g C kg-1) which is also higher 

than the result found in this study (67 g C Kg-1 in the least impacted wetland to 12.9 g C Kg-1 

in the degraded wetland). In the present investigation, it was hypothesized that converted 

cultivated land would have the least SOC, but instead the degraded wetland was found to have 

the least SOC content. Although this site was better than grazing and cultivated land both in 

terms of aboveground biomass and the hydrology of the soil, other associated factors might 

affect the storage of SOC. Villa (2014) suggested that it is the combination of factors that 

enhance CO2 accumulation in wetlands not only hydrology and vegetation status. For instance, 

it could be due to the high bulk density (2.15 g cm-3) recorded in the soil due to its sandy nature 

(Table 2). This high bulk density could be an indication of peat loss from the soil (Drexler et 

al., 2009). Another reason could be the texture of the soil such as fine clay may have some role 

in protecting the SOC. Soils high in clay content are higher in SOM content than sandy soils 

since there is restricted aeration in finer textured soils, reducing the rate of OM oxidation 

(McCauley et al., 2009). So, the sandy nature of the soil in the degraded wetland site could be 

also another reason for the lowest recorded value. 



 

45 

 

Conversion of wetlands to cultivated fields, for instance, results in a significant decrease in the 

total carbon dioxide storage capacity (Nelson et al., 2007). For instance, Berhongaray et al. 

(2013) reported that there is 16% reduction of SOC after conversion of a wetland in to 

cultivated field. Gauangyu et al. (2010) also reported the decrease of SOC content by 49.3 % 

after being a natural wetland was cultivated for 10 years. The former is lower while the latter 

is almost similar compared to the current study which is approximately 53.01% even though 

the study area was being cultivated for more than 20 years. Similarly, this study also concluded 

that high reduction of organic carbon storage of the soil was observed after a wetland is 

converted and degraded in to other land use types such as grazing and cultivated land. 

5.1.3. Soil organic carbon in relation to AGB 

Many studies have indicated that, the aboveground vegetation biomass affects the relative 

amount of carbon that eventually falls to the surface of soil from the shoots (Jobbagy and 

Jackson, 2000). The study by Junbao et al. (2013) showed that, the inputs of plant litter to the 

soil were correlated positively (p<0.01) with soil organic carbon content. The current study 

was also similar with this study i.e. AGB was related positively with SOC (Appendix 7).  

The study conducted by Eid and Shaltout (2013) also supports the correlation results found 

among AGB and SOC in this study to some extent. They compared soil organic carbon content 

of vegetated and non-vegetated wetland sites and they found that SOC was significantly higher 

in the vegetated sites than the non-vegetated one due to the input of OM from the plants to the 

soil. So it is clear that, in addition to the effect on the standing carbon biomass, the loss of 

aboveground vegetation could also highly affect the content of organic carbon which can be 

stored in the soil, which is attributed to the shortage of input from the aquatic macrophytes that 

resulted in lower SOC in some sites. 

Although grazing site had the least aboveground biomass in this study (Figure 5), it contained 

a better soil carbon content than cultivated and degraded wetland. High soil organic carbon 

could be found in grazing sites due to the immobilization of carbon in aboveground biomass 

and livestock could enhance breakdown and incorporation of litter to the soil (Reeder and 

Schuman, 2002).   
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5.1.4. Soil organic carbon in relation to physico-chemical parameters 

In this study, SOC related positively and negatively to different parameters (Appendix 7). Other 

studies conducted in wetlands also corroborate the present study and found negative 

correlations among SOC and temperature (Kirschbaum, 1995; Jobbagy and Jackson, 2000; Ali 

et al., 2006), and a positive correlation among SOC and water content (Ali et al., 2006; Wang 

et al., 2011; Muniz et al., 2014; Villa, 2014; Murillo et al., 2015). Although no correlations 

were found in this study, negative correlation between SOC and pH were recorded by several 

authors (Guangyu et al., 2010; Wang et al., 2011; Murillo et al., 2015), and between SOC and 

EC (Wang et al., 2011). 

As temperature of the soil decreases, SOC content increases since lower temperature limits 

decomposition by affecting soil microbial activities leading to accumulation of organic matter 

(Franzuleberies et al., 2011).On the other hand, when sites are cleared of their vegetation, and 

become  dry, the ensuing temperature rise can affect SOC highly, but when sites are saturated 

with water and have enough vegetation cover the variation in temperature can be buffered and 

there will be no more effect on the stored organic carbon (Villa, 2014). As the study area is 

located in a tropical zone, the effect of temperature on the soil organic carbon could be 

considerably high although some previous studies on tropical wetlands suggested that the 

presence of vegetation as a source of carbon together with a stagnant hydrology are the most 

important factors for maximizing carbon storage (Jones and Humphries, 2002; Bernal, 2008; 

Bernal and Mitsch, 2012; Bernal and Mitsch, 2013; and Villa, 2014). 

Soil pH was not correlated with SOC in this study and unlike soil temperature and water content 

it is not a major factor which can affect SOC (Wang et al., 2011) although the increase in pH 

could enhance mineralization of SOC by stimulating soil microbes (Guangyu et al., 2010). 
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5.2. Status of the wetlands and final recommendations of the community on wetland 

management 

Most of the respondents in the study area mentioned that, Lake Ziway shore area wetlands are 

being depleted from time to time due to both climatic as well as anthropogenic pressures 

especially the later one is clearly observed in the area. As a result, this wetland loss and other 

associated problems are resulting in micro-climatic changes in the area. Especially the year 

2015 was a disastrous year for the surrounding community of Lake Ziway and in general to 

Ethiopia as the changing climate due to shortage of rainfall which leads to serious drought (El 

Niño) and this has endangered the livelihoods of several people. This could be due to many 

climatic and human mediated impacts, especially environmental degradation. The interviewed 

respondents are also fully aware about the changes that occurred in their local climate.  They 

have detected so many changes in their local climate over the past few years although the 

problem was clearly observed in this year. Some of the changes that were detected and that are 

still happening in the area are temperature increment, decrease in rainfall availability and 

variability in its distribution, changes in wind direction, drought, and occurrence of disease in 

livestock. 

Although there are many reasons that push the community to encroach on wetlands, such an 

action would be a short term gain and a long term loss. It is therefore recommended that it is 

better to start community-based participatory wetland management practices like that of forest 

management practices which are being practiced in some parts of this country and have started 

to become successful showcases.  

But in general, most of the respondents recommended the following for sustainable 

management of wetlands. 

• The government should work on awareness creation activities on the community 

through education. 

• Wetlands should be conserved for enhancing and protecting the biodiversity. 

• Watershed management should be intensified so as to decrease the load of sediment 

that enters to the lake like afforestation programs, soil and water conservation activities 

and other related actions that have shown positive results in some parts of Ethiopia. 

• The community and different stakeholders should own the wetlands in their 

surrounding and should be responsible for their action and work together to sustainably 

manage the wetlands. 
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• There should be responsibility with in the community members to use wetland 

resources wisely. 

• There should be a clear demarcation between wetlands and other land use types so that 

people can’t degrade and convert wetlands as they like. 

• The government should start restoration activities that involve the interest of the local 

community for promoting wetland management. 

• Wetlands should be conserved based on the interest of the community on the basis of 

economically viable plus environmentally sustainable way. 
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6. CONCLUSION AND RECOMMENDATION 

From this study it is concluded that a high reduction of organic carbon storage of both the soil 

organic carbon and aboveground plant carbon was observed after a wetland was converted and 

degraded in to other land use types such as grazing and cultivated land. Wetland sites with a 

better vegetation cover and soil conditions were found to have the best carbon sequestration 

potential. From the study sites, least impacted wetlands were found to be the best places for 

storage of both aboveground plant carbon and soil organic carbon. Significant higher soil 

organic carbon content and aboveground plant carbon was found in the least impacted wetland 

than the other wetland types studied. This is due to the better status of the wetland in terms of 

vegetation cover, hydrology, soil conditions, and reduced levels of human and livestock 

disturbances. In addition, in this study there were significantly positive correlations among soil 

organic carbon content and aboveground vegetation biomass, and soil moisture; where as a 

negative correlation between SOC content and temperature. 

Wetlands are declining in surface area over time around Lake Ziway due to population growth, 

over grazing, sedimentation, their conversion in to other LUTs, lack of awareness, and 

vegetation clearance. This is also having a significant impact on ecological values that can be 

provided by these wetlands. Generally it can be concluded that wetland degradation has 

resulted in high reduction of carbon content of these ecosystems which can consequently affect 

the micro-climate as well as global climate. It is therefore recommended that special attention 

should be given to improve the management of wetlands in the area so as to enhance their 

capacity to mitigate carbon emissions. This short study in a limited quarter of Lake Ziway 

wetlands clearly indicated that communities in their effort to improve their livelihoods 

contribute to carbon emissions. This would eventually come back to make their way of life 

difficult, reduce the productivity of their land/ water resources, further impacting their health 

and long term sustainability of the environmental resources on which their livelihoods are 

based. 

As the results collected in the field work and the discussions made with the leading community 

members and environmental management personnel of the area, it is high time now more than 

ever that further integrated and demand-based research be conducted with the user people of 

Lake Ziway wetlands to come up with models that would bring about improved livelihoods of 

the people with sustainable wetland environments.  
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APPENDICES 

Appendix 1.  Definition of different wetland categories selected for sampling. 

 

Least-

impacted 

wetlands 

 

 

 

These are wetlands in which human and animal disturbance are very low. There is no direct 

animal grazing and human pressure on these sites. As a result, they have a good volume of 

aboveground vegetation biomass and undisturbed soil. These areas are well saturated with 

water since their topography is very close to the lake, and are mostly covered by two 

dominant emergent vegetation i.e. Typha latifolia(Local name; Filla)and Echinochloa 

stagnina (Local name; Kesme). Other vegetation types like Schoenoplectus corymboses 

(Local name; Chufo), Aeschynomene elaphroxylon, and Ageratum conyzoids are also 

found rarely. So, it is assumed that  high level of biomass,  good vegetative cover or 

specialized vegetation types  and  hydric  soil  are  common  characteristics  of  these 

wetlands so that highest carbon store was expected both in the vegetation as well as in the 

soil compared to the other types. 

 

 

Moderately 

degraded 

wetlands 

These are wetland sites in which there is human and animal disturbance to some degree of 

extent compared to the least-impacted sites. There is harvesting of emergent vegetation 

especially the dominant vegetation of Typha latifolia(Local name; Filla),Cyperus papyrus, 

and Cyperus latifolius (Local name; Ketema) to some extent by the people although it is 

not that much disturbed by livestock. So, due to this human disturbance, it was assumed 

that these wetlands lost their biomass volume and soil organic matter content to some 

degree, but still they are found in better condition than the degraded sites as they have 

already a good vegetation cover and hydrology which can moderate the soil organic carbon 

store. 

 

 

Degraded 

wetlands 

 

 

i.  

These sites are still wetlands, but are highly affected by human pressure compared to the 

least-impacted and moderately degraded wetlands. They have less vegetation cover, 

especially composed of some grass groups of Cyperus rigidifolius (local name; kuni), 

Leersia hexandra (local name; sar), and Persicaria senegalensis (Local name; Obeta). 

Emergent vegetations like Schoenoplectus corymboses (Local name; Chufo) and Typha 

latifolia (Local name; Fila) are also rarely found in this wetland type. Compared to the 

moderately degraded wetlands, there is a very high human disturbance and many animals 

graze on these sites especially during the dry season. 
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Grazing  

land  

 

 

 

 

 

 

Cultivated 

land 

 

These wetlands were highly (severely) degraded due to over-grazing. As a result, they are 

assumed to loss their wetland properties due to the high disturbances of the soil and the 

vegetation due to the high stocking density of livestock. These areas are mostly dominated 

by grass species of Cyperus rigidifolius (local name; Kuni) and Leersia hexandra (local 

name; Sar) which are grazed to the ground. Hence, their biomass production was expected 

to be less with lower carbon sequestration potential in the soil due to less input of organic 

matter from the vegetation and due disturbance of the soil profile by livestock. 

These lands were used to be wetlands in the past, but they were converted in to agricultural 

land for production of some vegetables such as cabbage, lettuce, and onions by the 

surrounding community. They cultivate three times a year in these areas. As a result, these 

lands lost the characteristics of wetland almost completely. 

 

Appendix 2. Questionnaire for Household interview 

1. Background of respondent 

1.1. Name of respondent household      

1.2. Zone        

1.3. Wereda       

1.4. Kebele       

1.5. Name of the home head       

1.6. Age (years)        

1.7. Sex (v)  1. Male     2. Female  

1.8. Educational status  

1. Illiterate  

2. Reading only 

3. Reading and writing  

4. Primary school  

5. Secondary school  

6. University and above  

7. Religious education  

1.9. Marital status (v)  

1. Married    
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2. Single  

3. Divorced  

1.10. Occupation       

1.11. How long did you live here? (years)       

1.12. Family size       1.Males_____2.Female _______ 

1.13. Size of land used by your family (hec.)       

2. Land use (cover) system  

1.14. What is the size of land you are using now? (hec.)      

1.15. How did you get this land?  

1. Recent government land redistribution  

2. Land redistribution during the military (Derg) government 

3. Inherited from parents 

4. Shared from communal land 

5. Others(specify)     

1.16.  Did you observe any encroachment to the wetland by the surrounding    

community?   1. Yes                                2. No  

1.17. If your answer for Question 2.3., above is “yes”, for what purpose? 

__________________________________________________________________

__________________________________________________________________

_____________________________________________________________ 

 

 

1.18. Are wetlands in this area being changed in to other types or uses?  

1. Yes     2. No  

1.19. If your answer for Q 2.5., above is yes, when do you think that major land use 

change occurred in the wetlands (put number “1” for the major and `4` for the least)  

1. From 1994-1999       

2. From 2000-2005       

3. From 2006-2011       

4. From 2011-2015       

1.20. What are the major causes that makes the local community to convert wetlands in 

to other land use types? (Give “1” for the major and “7” for the least) 

1. Farm land scarcity       

2. Lack of grazing land       
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3. Sources of disease       

4. Soil fertility of the areas      

5. Lack of awareness       

6. Lack of demarcation       

7. If others specify       

1.21. If you recognize that wetlands are being lost from time to time what are the 

triggering factors for these losses? (write the most important first and the least 

important last)  

1.       

2.       

3.       

4.       

5.       

6.       

 

 

1.22. What are the current major triggering factors for land use changes/wetland loss in 

this area?  

1. Sedimentation                                   Yes                                  No 

2. Population increase             Yes       No 

3. Overgrazing                          Yes                  No  

4. Introduction of exotic species            Yes            .                No  

5. Conversion to other land uses            Yes                             No  

6. Clearing vegetations                           Yes                                 No  

7. Others (specify)  ______________________________ 

                     ______________________________ 

1.23. How do you rank for the above mentioned factors from the most significant to the 

least significant (1-6)? (Put number “1”in the given box for high significant factor, 

and “6” for less significant factor.) 

1. Sedimentation  

2. Population growth 

3. Overgrazing  

4. Introduction of exotic species  

5. Direct conversion to other land uses  
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6. Clearing vegetations  

7. Lack of awareness on wetland  

1.24. Do you agree the idea of changing in wetlands to other land use types? (put “x” in 

the appropriate box) 

1. Strongly agree   

2. Agree  

3. indifferent 

4. Disagree  

5. Strongly disagree  

1.25. If you agree, why do you support the idea of land use changes in wetlands? Because:  

1. Landless farmers will have access to cultivable land when wetlands are changed  

2. Government policy encourage us to cultivate on wetlands even though we have 

enough land 

3. The benefits of wetlands don’t weigh more than other land use types 

4. To eliminate disease causing organisms 

5. There is a constraint of land  

6. Wetland soils are more fertile and productive 

1.26. If you disagree, what is your reason?  

1. The benefits of wetlands is higher than the benefit of cultivated land after 

conversion from wetlands 

2.  The benefits of wetlands is lower than the benefit of cultivated land after 

conversion form wetlands 

3. We have enough cultivated land, so we leave wetlands as is.  

4. Maintains micro-climate of our area 

5. They are sources of water  

1.27. Is there any change observed in the local climate today as compared to the past 

years?  

1. Yes                          2. No  

1.28. If yes, what kind of changes you observed? And  

1. Increasing of temperature  

2. Decreases availability of rainfall  

3. Occurrence of disease  

4. Drought   

5. Variability in rainfall patterns 
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6. Others  __________________________________________________________   

1.29. What do you think the major reason for this? (put “1” in the box for the major reason 

and “4” for the least) 

1. Deforestation  

2. Sand mining activities 

3. Degradation of wetlands  

4. Poor agricultural practices  

5.  Expansion of land intensive investments such as floriculture 

6. Others (specify below)  

• ------------------------- 

• -------------------------- 

1.30. How do you compare converted grazing land, cultivated land, degraded wetland, 

moderately degraded wetland and non-impacted wetlands based on their general 

importance? (Rank them from the most important to least important by giving 

numbers from 1-5 on the given box i.e “1” for most important and “5” for least 

important.  

1. Moderately degraded wetland  

2. Degraded wetland 

3. Non-impacted wetland 

4. Cultivated land  

5. Grazing land  

1.31. Do you know that wetlands should be sustainably conserved?  

1.  Yes     2. No  

1.32. If yes, for what purpose?  

1. ___________________________ 

2. ___________________________ 

3. ___________________________ 

4. ___________________________ 

 

1.33. What do you recommend to sustainably conserve the remaining wetland resources?  

a) _____________________________________________________________ 

b) ______________________________________________________________ 

c) ______________________________________________________________ 
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d) ______________________________________________________________ 

e) ______________________________________________________________ 

2. Guide questions for focus group discussions 

1. Do you think that there is encroachment of wetlands over time? If yes, for what 

purpose? Please give rank to the reasons. 

2. According to your opinion, what are the major triggering factors for wetland 

degradation in the area? Rank the factors. 

3. Discuss the present status of the wetlands comparing to the past?  In which time do 

you think that a major wetland loss has occurred in the area? 1980’s, 1990’s, in the 

last half and decade, in the last five years. Please give a rank. 

4. In your perception and observation, is there any change in the local climate today as 

compared to the past? What are the changes? What do you think are the reasons? Is 

wetland loss a reason? Discuss. 

5. How do you rank the following different categories of wetlands based on their 

general importance (value) (economic, social, and environmental)? 

a) Non-impacted wetland 

b) Moderately degraded wetland 

c) Degraded wetland 

d) Grazing land 

e) Cultivated land 

6.  Do you think that wetlands in the area should be sustainably conserved? If yes, how 

these remaining wetlands can be restored and what do you recommend for 

sustainable conservation of wetlands in the area? 

 

                                  Thank you for your collaboration!!! 
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Appendix 3. Different degradation levels of wetland/ LUTs in the study sites (least-

impacted site (A), moderately degraded wetland site (B), Grazing site (C), and converted 

cultivated land (D)) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Appendix 4. Field data collection method ((A) plant sample collection; (B) Soil sample 

collection; (C) focused group discussion)  

AB 

 

 

 

 

A B 

D C 
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Appendix 4. Field data collection method ((a) plant sample collection; (b) soil sample 

collection; (c) focused group discussion) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

C 

A B 

C 
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Appendix 5. Multiple comparison (post hoc test-Tukey) on SOC among categories of 
wetland. 

 

Dependent Variable:   SOC content (g C Kg-1)  

Tukey HSD   

Wetland categories  Wetland categories Mean 

Difference (I-

J) 

 Sig. 

Cultivated Land 

Degraded wetland 1.52972  1.00** 
Grazing land -2.78667      .996** 
Moderately degraded 
wetland 

-25.05948   .024* 

Least-impacted wetland -53.00592   .000* 

Degraded Wetland 

Grazing land -4.31639    .979** 
Moderately degraded 
wetland 

-26.58920   .015* 

Least-impacted wetland -54.53564   .000* 

Grazing Land 

Moderately degraded 
wetland 

-22.27281    .053** 

Least-impacted wetland -50.21925  .000* 

Moderately degraded wetland Least-impacted wetland -27.94644  .010* 

     
Note: * The mean difference is significant at the 0.05 level 

          **The mean difference is not significant at the 005 level  
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Appendix 6. Multiple comparison (Post hoc test-Tukey) of POC among categories of 
wetland. 
 
 

Dependent Variable:   Plant Organic Carbon (g C m-2) 

Tukey HSD   

Wetland Categories Wetland Categories Mean 

Difference (I-

J) 

 Sig. 

Cultivated Land 

Degraded wetland .03699  1.00** 
Grazing land 149.87712     .688** 
Moderately degraded 
wetland 

-318.61389     .069** 

Least-impacted wetland -1305.79150    .000* 

Degraded Wetland 

Grazing land 149.84013     .688** 
Moderately Degraded 
wetland 

-318.65088     .069** 

Least impacted wetland -1305.82849   .000* 

Grazing Land 

Moderately degraded 
wetland 

-468.49101  .003* 

 Least impacted wetland -1455.66862     .000* 

Moderately degraded wetland Least impacted wetland -987.17761  .000* 
 

Note: * The mean difference is significant at the 0.05 level 

          **The mean difference is not significant at the 005 level  
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Appendix 7. Pearson correlation test between SOC and physico-chemical parameters   
Correlations 

 SOC 

Soil Temperature 

Pearson Correlation -.640 

Sig. (2-tailed)   .000* 

N 30 

Soil pH 

Pearson Correlation -.023 

Sig. (2-tailed)      .902** 

N 30 

Soil conductivity 

Pearson Correlation .183 

Sig. (2-tailed)      .332** 

N 30 

Soil Moisture 

Pearson Correlation .689 

Sig. (2-tailed)    .000* 

N 30 

Bulk density  

Pearson Correlation .148 

Sig. (2-tailed)     .436** 

N 30 

AGB 

Pearson Correlation .775 

Sig. (2-tailed)   .000* 

N 30 
 

Note: *correlation is significant at a 0.01 level 

        **correlation is not significant at 0.01 level 
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